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Preface

Tuberculosis remains a global health concern despite substantial investment
in healthcare services over the recent few decades. The worldwide impact of
tuberculosis is extremely important, considering that approximately ten mil-
lion people develop tuberculosis annually, with more than 1.3 million deaths
from this disease. The clinical features of tuberculosis can be nonspecific and
often occur insidiously. Imaging has an important role in its early diagnosis,
particularly in patients presenting with nonspecific symptoms. It helps to
detect disease, guide appropriate laboratory investigation, confirm the diag-
nosis, and monitor the disease progress and response to treatment, with the
aim of achieving effective treatment outcome and prevention of
complications.

Radiographs are an excellent screening tool and are typically the initial
radiological investigation for suspected pulmonary and musculoskeletal
tuberculosis. Computed tomography (CT) is utilized to further evaluate pul-
monary, abdominal, urogenital, and head and neck tuberculosis. Magnetic
resonance imaging is the modality of choice for assessing tuberculosis of the
brain, spine, and musculoskeletal system. Positron-emission tomography/CT
has a gradually increasing role in the detection of multifocal tuberculosis
lesions and assessment of the response to treatment. Imaging techniques,
such as ultrasound and CT, are used to guide diagnostic and therapeutic aspi-
rations and drainages, as well as biopsies for histopathological and bacterio-
logical confirmation of tuberculosis.

Imaging of Tuberculosis, extensively illustrated by 650 images, aims to
provide an updated and comprehensive coverage of multimodality imaging of
tuberculosis affecting all regions of the human body. This book comprises 15
chapters, with the first 3 chapters dealing with the epidemiology, pathophysi-
ology, bacteriology, and histopathology of tuberculosis. Following a chapter
on an overview of imaging techniques, the subsequent chapters are devoted to
imaging features of tuberculosis located in all the different body systems.
Tuberculosis in patients with human immunodeficiency virus co-infection is
also addressed. The last chapter presents decision algorithms relating to diag-
nosis and management of tuberculosis.

This book is written by a combination of experienced authors from Tunisia,
Singapore, Thailand, India, and the Philippines. Besides the various
subspecialty radiologists, other authors include experts in bacteriology,
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Preface

histopathology, infectious disease, respiratory medicine, and otorhinolaryn-
gology—head and neck surgery. Imaging of Tuberculosis aims to be a useful
and practical reference for all doctors who deal with tuberculosis.

Tunis, Tunisia Mohamed Fethi Ladeb
Singapore, Singapore Wilfred C. G. Peh
November 2021
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ten million people develop TB disease and
approximately 1.3 million people die of it (World
Health Organization 2021). Worldwide, the most
important risk factor for TB is human immunode-
ficiency virus (HIV) infection. TB usually affects
the lungs. However, other areas of body can be
affected, with extrapulmonary TB (EPTB)
accounting for 16% of cases worldwide; its inci-
dence varies from region to region (World Health
Organization 2021). The main extrapulmonary
locations of TB are the lymph nodes, pleura,
bones, and meninges.

TB is caused by one of several mycobacterial
species that belong to the Mycobacterium tuber-
culosis complex. The human pathogens are M.
tuberculosis, M. africanum, and M. bovis. M.
tuberculosis is the most important of the human
pathogens and most often affects the lungs. M.
africanum causes up to half of human TB in West
Africa (De Jong et al. 2010) M. bovis is mostly
found in cattle and less frequently in other ani-
mals such as bison, elk, and deer. M. bovis causes
TB disease that affects the lungs, lymph nodes
and rarely, other parts of the body. M. tuberculo-
sis and M. africanum spread from person to per-
son through the air and most frequently causes
pulmonary TB, while M. bovis is transmitted
through unpasteurized dairy products and fre-
quently causes lymph node TB.

them, 5.8 million people were reported to have
been newly diagnosed and notified (new and
relapsed cases) (World Health Organization
2021). As an impact of the COVID-19 pandemic
on TB services in 2020, there was a large global
drop in the number of people newly diagnosed
with TB and reported, with a fall of 18% between
2019 and 2020. Globally, the cumulative reduc-
tion in the TB incidence rate was 11% from 2015
to 2020 (World Health Organization 2021).
Geographically, in 2020, most TB cases were
found in the WHO regions of South-East Asia
(43%), Africa (25%), and the Western Pacific
(18%), with smaller shares in the Eastern
Mediterranean (8.3%), the Americas (3.0%), and
Europe (2.3%). The 30 high TB burden countries
accounted for 86% of all estimated incident cases
worldwide, and eight of these countries accounted
for two-thirds of the global total: India (26%),
China (8.5%), Indonesia (8.4%), the Philippines
(6.0%), Pakistan (5.8%), Nigeria (4.6%),
Bangladesh (3.6%), and South Africa (3.3%)
(World Health Organization 2021). There were
150400 cases per 100,000 population in most of
the 30 high TB burden countries, and more than
500 cases per 100,000 population in the Central
African Republic, the Democratic People’s
Republic of Korea, Lesotho, the Philippines, and
South Africa (World Health Organization 2021).

2 Frequency and Distribution

TB is a ubiquitous and life-threatening bacterial
disease that is prevalent in many regions of the
world. It is estimated that one-quarter of the
world’s population are infected with M. tubercu-
losis and have latent TB, which means that they
have been infected by M. tuberculosis but are not
yet ill with the disease and cannot transmit the
bacteria. People infected with M. tuberculosis
have a 5-15% lifetime risk of falling ill with TB
(World Health Organization 2021). The global
incidence of TB peaked around 2003 and appears
tobe declining slowly (World Health Organization
2021). According to the World Health
Organization (WHO), globally, an estimated 9.9
million people fell ill with TB in 2020. Among

3 Age and Gender

TB can affect anyone, regardless of gender or
age. In 2020, men older than 15 years accounted
for 56% of the people who developed TB, while
women older than 15 years accounted for 33%,
and children for 11%. Among all those affected,
8% were people living with human
immunodeficiency virus (PLHIV) (World Health
Organization 2021). The proportion of TB cases
co-infected with HIV was highest in countries in
the WHO African Region, exceeding 50% in
parts of southern Africa. (World Health
Organization 2021). For PLHIV, TB is more fre-
quent in males. A systematic review and meta-
analysis noted that TB prevalence is significantly
higher among men than women in low- and
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middle-income countries (Horton et al. 2016).
However, the reasons for the observed gender
bias are not clear. Both gender (referring to
sociocultural roles and behavior) and sex-related
factors (referring to biological aspects) likely
contribute to higher TB rates in men (Hertz and
Schneider 2018).

4 Risk Factors

It is important to identify the comorbidities and
circumstances at risk of acquiring TB to ensure
adequate prevention and management of all the
diseases that each patient may have. Several
medical conditions are risk factors for TB, and
TB can complicate the course of some diseases.
The risk factors for acquiring TB include immu-
nosuppression, noncommunicable diseases (e.g.,
diabetes mellitus, lung disease, end-stage renal
disease), gastrectomy, malnutrition, tobacco
smoking, and drug use. Worldwide, the most
important risk factor for TB is HIV infection.
PLHIV are 15-22 times more likely to develop
TB than persons without HIV. TB is the most
common presenting illness among PLHIV,
including those on anti-retroviral treatment, and
it is the major cause of HIV-related death (World
Health Organization 2021). Several immunosup-
pressive diseases and conditions may increase the
occurrence of TB; including head and neck can-
cers, lung cancer, Hodgkin lymphoma, non-

Hodgkin lymphoma, leukemia, prolonged
corticosteroid therapy, and immunosuppressive
therapy.

The use of tumor necrosis factor (TNF) inhibi-
tors for the treatment of rheumatic diseases has
been associated with a significant increase in
incident cases of TB. A large retrospective study
conducted in Brazil showed that TNF inhibitor
exposure was associated with an increased TB
incidence of 18 times. Adalimumab and certoli-
zumab were found to be associated with greater
and earlier TB diagnosis, compared to etanercept
(Sartori et al. 2019). TB and sarcoidosis are
chronic granulomatous diseases that rarely exist
simultaneously. The relationship between these
two diseases is not yet clear, with the hypothesis

that mycobacterial antigen in genetically predis-
posed hosts may cause sarcoidosis being still
controversial. Both diseases have clinical, radio-
logical, and histopathological similarities. The
differential diagnosis is often challenging but is
crucial in treatment decision-making since
immunosuppressive treatment of sarcoidosis is
undesirable in people having TB (Pedroso et al.
2020).

Diabetes mellitus is one of the most common
noncommunicable disease worldwide. The risk
of TB among people with diabetes mellitus is 2-3
times higher than among those without diabetes
mellitus. Diabetes mellitus can worsen the clini-
cal course of TB, and TB can worsen glycemic
control in people with diabetes mellitus (World
Health Organization 2021). Malnutrition may
occur after gastrectomy or chronic malabsorption
syndromes, and it is common in low-income
countries. Malnutrition is often highly prevalent
in some countries, and there is a relationship
between malnutrition and TB. Malnutrition
increases the risk of TB and TB can lead to mal-
nutrition (World Health Organization 2021).
Chronic obstructive lung disease and some occu-
pational lung diseases are also risk factors for
TB. For example, people with silicosis have
approximately 30-fold greater risk for develop-
ing TB (Centers for Disease Control and
Prevention 2000).

Although TB and sickle cell anemia (SCA)
may affect the same population in some areas
with a high TB prevalence, e.g., Africa, little data
on the epidemiological and clinical patterns are
available about this comorbid condition affecting
both children and adults. A retrospective French
cohort study of children with SCA showed no
difference regarding the location and evolution of
TB. It should be noted that this is likely due to the
protective effect of Bacillus Calmette—Guérin
(BCG) vaccine, good nutritional state, and low
risk of TB exposure of children in this cohort.
However, alterations of the efficacy of BCG
immunization have not been investigated in the
specific context of SCA (Droz et al. 2017).

The available data on TB during pregnancy
are of low quality. The WHO recommendation
for TB screening, especially in high-burden
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areas, is not well implemented and most countries
do not report the pregnancy status of female TB
cases (Bates et al. 2015). Overall, pregnant
women are at increased risk of TB. The immuno-
logical changes appearing during pregnancy may
promote the occurrence or reactivation of TB. It
is known that neonates born to mothers who have
active TB disease may contract TB congenitally.
However, the incidence of congenital TB seems
to be very underestimated. Congenital TB may be
subclinical or associated with various birth
defects (Bates et al. 2015). One study that
included 35 consecutive pregnancies showed that
maternal TB is associated with increased risk of
prematurity, lower birth weight, and risk of death.
Pulmonary location of TB and late start of treat-
ment in infected mothers increase the risk of peri-
natal death and neonatal  morbidity
(Figueroa-Damidn and Arredondo-Garcia 2001).
Thus, it is crucial to identify the comorbidities in
people diagnosed with TB in order to ensure
appropriate comanagement.

As TB is a contagious disease, people with
active TB can infect 10-15 other people through
close contact over the course of a year. Therefore,
close-contact situations such as case contact of
people diagnosed with TB, healthcare workers,
and prisoners are high TB risks. The prevalence
of TB in prisons is usually much higher than in
the general population (Valenga et al. 2015).

Without appropriate treatment, about 45% of
HIV-negative people with TB and nearly all HIV-
positive people with TB will die. In 2019, 1.3
million HIV-negative people died from TB, with
addition of another 214,000 deaths among HIV-
positive people (World Health Organization
2021). Mortality related to TB can be significant
in some situations. A systematic review of risk
factors for death in adults during and after TB
treatment revealed that risk factors for death in
settings with high TB incidence are co-infection
with HIV, people with advanced immunodefi-
ciency, sputum smear-negative TB, and malnutri-
tion (Waitt and Squire 2011).

In some countries with low TB incidence and
HIV prevalence, risk factors may include non-
infectious comorbidities such as diabetes melli-
tus, cancer, sputum smear-positive TB, tobacco

smoking, alcohol and drug abuse (Waitt and
Squire 2011). Studies in different areas have also
shown that older age, male gender, comorbid
medical conditions such as chronic obstructive
pulmonary disease and hypertension, drug resis-
tance, and residence in long-term care facilities
are significant risk factors of death in patients
with TB (Horne et al. 2010; Waitt and Squire
2011). It should be noted that maternal mortality
is high among women co-infected with HIV and
TB, and TB is associated with increased mortal-
ity both during pregnancy and post-partum (Bates
et al. 2015).

5 Locations

TB usually affects the lungs, but it can also affect
other parts of the body, such as the lymph nodes,
pleura, bone (particularly the spine), central ner-
vous system (CNS), and urinary tract. Statistical
data about TB locations vary considerably
according to countries and regions. EPTB com-
prised 16% of the 7.1 million incident cases that
were notified in 2019, ranging from 8% in the
Western Pacific region to 24% in the Eastern
Mediterranean region (Ambreen et al. 2021).
Because it is a curable and preventable disease,
early diagnosis, treatment, and prevention of TB
are crucial.

5.1 Pulmonary Tuberculosis

Pulmonary TB is by far the most common form
of TB and can be primary or post-primary.
Worldwide, 4.8 million people were diagnosed
with pulmonary TB in 2020. 59% of these cases
were bacteriologically confirmed, with variations
among different regions and countries, ranging
from the highest percentage in the Americas
(77%) to the lowest in the Western Pacific (55%).
The ultimate outcome of primary TB infection is
dependent on efficacy of the cell-mediated
response and/or the initial inoculum. In 90% of
cases, the immune system is usually able to con-
trol and/or eradicate the infection; and the origi-
nal and disseminated foci are walled off and
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destroyed. However, in 10% of patients, post-
primary TB develops when a host is reinfected
with TB or probably more commonly when a pre-
viously walled-off primary focus reactivates and
proliferates. Some of the most important factors
which may lead to reactivation are acquired
immunodeficiency syndrome (AIDS), malig-
nancy, organ transplant, chemotherapy, steroids,
and TNF inhibitors (Eddy et al. 2018).

5.2 Miliary Tuberculosis
Epidemiological data are not available on the true
prevalence of miliary TB. Some studies noted
that miliary TB is a rare form of TB, occurring in
less than 2% of cases. However, the mortality rate
may rise to up to 33%, due to delay in diagnosis
(Sharma et al. 2012). In autopsy studies in adults,
miliary TB has been documented in a higher pro-
portion of patients, accounting for 0.3-13.3% of
all autopsies and 11.9-40.5% of all cases of
TB. Before 1980, miliary TB was predominantly
considered a disease of infants and children but it
has since become more frequently recognized in
adults, with this epidemiological change being
due to the global pandemic of HIV/AIDS and
increasing use of immunosuppressive drugs such
as TNF inhibitors. Miliary TB also seems to be
more frequent in men and among African
Americans (Sharma et al. 2012). Several condi-
tions are associated with miliary tuberculosis,
namely childhood infections, malnutrition, HIV/
AIDS, alcoholism, chronic kidney disease, dialy-
sis, postgastrectomy, organ transplantation,
immunosuppressive drug use, connective tissue
disorders, pregnancy, post-partum, presence of
an underlying malignancy, and silicosis (Sharma
et al. 2012).

5.3 Thoracic Extrapulmonary

Tuberculosis

Outside the pulmonary parenchyma, TB can
invade any structure of the thorax, causing sig-
nificant clinical disease (Cantres-Fonseca 2020).
Thoracic EPTB includes involvement of the

pleura, lymph nodes, heart and blood vessels,
bone and skin, and even the chest wall. TB can
also cause significant disease if it reaches the tho-
racic spine (Cantres-Fonseca 2020). After tuber-
culous lymphadenitis, pleural TB is the second
most common extrapulmonary presentation of
TB disease (Macias et al. 2019; Cantres-Fonseca
2020). 3-25% of patients with TB have tubercu-
lous pleuritis. The incidence of tuberculous pleu-
ritis is higher in PLHIV (Cohen and Light 2015).

Internal thoracic lymphadenopathy has been
found to be present in 50 of 137 (36.5%) cases with
culture-confirmed active pulmonary TB (Bernheim
et al. 2020). The most common extraparenchymal
invasion of mycobacteria in the thorax occurs at
the supraclavicular, mediastinal, and hilar lymph
nodes (Cantres-Fonseca 2020). The incidence of
tracheobronchial TB has declined compared with
the preantibiotic era but this complication still
affects patients with advanced disease, particularly
in endemic areas. Mycobacterial implantation to
the tracheobronchial wall in patients with TB may
originate from infected sputum, extension from
adjacent parenchymal infection, regional lymph
nodes, or hematogenous spread (Restrepo et al.
2016).

Heart and thoracic blood vessel involvement
by TB is rare. Tuberculous involvement of the
heart includes infection of the pericardium, car-
diac muscle, and large blood vessels such as the
aorta (Cantres-Fonseca 2020). Tuberculous peri-
carditis is the most common cardiovascular com-
plication of TB. It is found in approximately 1%
of all autopsied cases of TB (Mayosi et al. 2005;
Restrepo et al. 2016) and in 1-2% of patients
with pulmonary infection; remaining the most
common manifestation in countries with a high
prevalence of TB (Agarwal et al. 2005; Mayosi
et al. 2005; Restrepo et al. 2016; Cantres-Fonseca
2020). Constrictive pericarditis is one of the most
serious complications of tuberculous pericarditis,
being reported in as many as half of affected
patients with pericardial TB infection (Restrepo
et al. 2016). Myocardial involvement by M.
tuberculosis is less common than pericardial dis-
ease. Before the cross-sectional imaging era, it
was rarely diagnosed ante-mortem. It is usually
due to tuberculomas that are commonly



L. Ammari et al.

associated with miliary or extensive TB, which
may present as a diffuse infiltrative process or as
a nodular or mass-like lesion (Restrepo et al.
2016).

TB of the chest wall is an uncommon manifes-
tation, constituting less than 5% of all musculo-
skeletal TB. It is far less common than other more
commonly-affected skeletal sites, such as the
spine, pelvis, hip and knee joints. Excluding the
spine, the most affected site is the ribs. It can also
affect the sternum, sternoclavicular joints, as well
as involve soft tissues, including myositis, cellu-
litis, and breast infection. It is not clear whether
chest wall infection occurs from reactivation of
latent foci formed during hematogenous or lym-
phatic dissemination from the primary infection,
or from direct extension contiguous with the lung
and pleura (Restrepo et al. 2016; Cantres-Fonseca
2020).

5.4 Head and Neck Tuberculosis
Extrapulmonary involvement can occur in isola-
tion or along with a pulmonary focus in patients
with disseminated TB (Yashveer and Kirti 2015).
Head and neck TB is quite common in endemic
countries but is still misdiagnosed due to its var-
ied presentation and different sites of involve-
ment (Monga et al. 2017). It accounts for 10% of
patients with TB. TB can affect most of the
organs in the head and neck region, such as cervi-
cal lymph nodes, larynx, middle ear, oral cavity,
sinonasal region, and pharynx (Das et al. 2016;
Monga et al. 2017; Pang et al. 2018).
Adolescents and adults are the most affected
by head and neck TB. In a Chinese study con-
sisting of 60 patients, the average age was
44.6 + 14.8 years (range 5-76 years) (Pang et al.
2018). In two Indian studies, the most common
age group affected was 21-30 years and
15-24 years (range 3-70 years old), respectively
(Yashveer and Kirti 2015; Das et al. 2016). In a
Polish study, the average age was 60.6 years,
with the age of men ranging from 36 to 75 years
(mean 62.5 years) and of women from 21 to
78 years (mean 59.0 years) (Bruzgielewicz et al.
2014). In a Japanese study, the most commonly

affected age group was 50-59 years, with a
mean of 52.9 years (Oishi et al. 2016). Male-to-
female ratio varied from 0.39 to 0.74 (Oishi
et al. 2016; Yashveer and Kirti 2015; Das et al.
2016; Monga et al. 2017; Pang et al. 2018). A
male predominance was noted in a one Polish
study comprising 43 men and 30 women
(Bruzgielewicz et al. 2014).

Because the early manifestations of head and
neck TB are often similar to neoplasms or inflam-
mation and because the systemic symptoms of
TB may not be obvious, clinical consideration of
head and neck TB usually occurs only after inef-
fective anti-inflammatory treatment, biopsy, or
even surgical resection. Cervical lymph node TB
(90.5-92.9%), laryngeal TB, oropharyngeal TB,
salivary gland (parotid and submandibular) TB,
and TB of the paranasal sinuses, skin and oral
mucosa are the commonest locations
(Bruzgielewicz et al. 2014; Oishi et al. 2016;
Yashveer and Kirti 2015; Das et al. 2016; Monga
et al. 2017; Pang et al. 2018). 65% of affected
patients have no history of contact with known
cases of TB while 35% give a definite history of
contact with TB (Das et al. 2016).

5.5 Spinal Tuberculosis

Tuberculous spondylodiscitis, known as Pott dis-
ease, accounts for less than 5% of all cases of TB
cases (Kristensen et al. 2017; Javed et al. 2018,;
Pu et al. 2019) but it comprises 50-60% of cases
of osteoarticular TB and is the one of the most
common forms of EPTB (Kristensen et al. 2017,
Pu et al. 2019). Diagnosis of tuberculous spondy-
lodiscitis is relatively difficult because it is slowly
progressive. When the diagnosis is late, it can
lead to irreversible neurological injury
(Kristensen et al. 2017; Liu et al. 2019; Pu et al.
2019). Worldwide, 80% of patients with tubercu-
lous spondylodiscitis are in developing countries
and poverty-stricken areas (Liu et al. 2019).
Spinal TB represents 10-35% of cases of spinal
infections (Chen et al. 2016; Menon and Sorour
2016; Javed et al. 2018; Liu et al. 2019). In a
Spanish study, an increase in cases of tuberculous
spondylodiscitis from 14% to 45.2% among
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foreign-born residents in Barcelona over a
10-year period was reported (Javed et al. 2018).
In another Spanish study including 108 patients,
TB was the second highest cause of spinal infec-
tions after Staphylococcus spp. (Cebridan Parra
et al. 2012). Tuberculous spondylodiscitis is most
commonly seen in patients older than 40 years
(Batirel et al. 2015; Pu et al. 2019), has a male
predominance (Batirel et al. 2015; Erdem et al.
2015), and predominately affects the thoracic and
lumbar spine (Chen et al. 2016; Liu et al. 2019).

5.6 Musculoskeletal Tuberculosis
Musculoskeletal TB represents 1-3% of all TB
and 5-6% of EPTB. Of these, arthritis accounts
for 60%, osteitis for 38%, and bursitis and teno-
synovitis for only 2% (De Backer et al. 2009;
Ladeb et al. 2013). Concurrent pulmonary TB is
observed in approximately 50% of cases (De
Backer et al. 2009). Musculoskeletal TB is fre-
quent in TB-endemic regions such as Africa,
Asia, and South America. In developed countries,
it mainly affects immigrants and immunocom-
promised people (Ladeb et al. 2013). In the latter,
the distribution is approximately equal between
male and female patients (Ait Khaled et al. 1997,
Pertuiset et al. 1997). The average age of onset is
constantly decreasing. In developed countries, it
is 50 years of age in native people and 30 years in
immigrants (Ladeb et al. 2013). Musculoskeletal
TB appears to be uncommon in HIV-infected
subjects, with an incidence of 0-9% (Hamza
1993; Ait Khaled et al. 1997; Pertuiset et al.
1997), in contrast to atypical mycobacterial bone
infections (Bernard and Perronne 1997).

5.7 Central Nervous System

Tuberculosis

Infection of the CNS is one of the most devastat-
ing clinical manifestations of TB. CNS involve-
ment occurs in 5-10% of EPTB cases, and
accounts for approximately 1% of all TB cases
(Cherian and Thomas 2011). In an American epi-
demiological study of EPTB, up to 10% of cases

had CNS involvement (Rieder et al. 1990), while
the Centers for Disease Control and Prevention
(CDC) data indicated that 6.3% of extrapulmo-
nary cases (1.3% of total TB cases) have CNS
TB. Risk factors for CNS TB include age (chil-
dren > adults), HIV co-infection (Rana et al.
2000), malnutrition, recent measles in children
(Yaramis et al. 1998), alcoholism, malignancies,
the use of immunosuppressive agents in adults,
and disease prevalence in the community
(Phypers et al. 2006).

5.8 Urogenital Tuberculosis

TB affecting the kidneys, ureters, bladder, pros-
tate, urethra, penis, scrotum, testicles, epididy-
mis, vas deferens, ovaries, fallopian tubes, uterus,
cervix, and vulva were initially grouped together
as genitourinary TB (Kulchavenya et al. 2016;
Adhikari and Basnyat 2018). Currently, urinary
tract TB occurs more often than genital TB
(Kulchavenya et al. 2016), hence the designation
of urogenital TB. In females, the genital organs
commonly affected are the fallopian tube (95—
100%), endometrium (50-60%), ovaries (20—
30%), cervix (5-15%), myometrium (2.5%), and
vulva/vagina (1%) (Gatongi et al. 2005). Male
genital TB is predominantly associated with TB
of the kidney and prostate (Kulchavenya and
Khomyakov 2006). Renal and prostatic TB are
usually due to hematogenous spread of mycobac-
terium from a chronic latent pulmonary infection.
The proportion of urogenital TB among forms of
EPTB varies according to geographical region,
from 15-20% in Africa, Asia, Eastern Europe,
and the Russian Federation to 2—-10% in Western
Europe and USA (Figueiredo et al. 2008; Muneer
et al. 2019). The exact prevalence of urogenital
TB in various geographical locations and specific
patient groups is difficult to estimate because a
considerable number of patients remain asymp-
tomatic and are undiagnosed. Urogenital TB has
been reported to affect twice as many women as
men, but this estimate is controversial owing to
the lack of controlled epidemiological and clini-
cal studies. Increased rates of TB are seen in
patients who have had a kidney transplant, have
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end-stage renal disease, and are undergoing peri-
toneal dialysis (Rieder et al. 1990; Anand et al.
2017; Muneer et al. 2019).

5.9  Abdominal Tuberculosis
Abdominal TB includes involvement of the gas-
trointestinal (GI) tract, peritoneum, abdominal
lymph nodes, and/or solid organs. Abdominal TB
is a rare form of EPTB (Nayagam et al. 2016;
Cho et al. 2018), and comprises around 5% of all
cases of TB worldwide (Sharma and Mohan
2004; Rathi and Gambhire 2016; Vaid and Kane
2017). Its diagnosis remains one of the most
challenging tasks in clinical practice (Khan et al.
2006; Nayagam et al. 2016; Abu-Zidan and
Sheek-Hussein 2019). It is difficult to diagnose
due to its non-specific clinical presentation, vari-
able anatomical location, and lack of sensitive
diagnostic tools (Nayagam et al. 2016; Cho et al.
2018). Abdominal TB may occur anywhere
within the abdomen, involving the GI tract, solid
organs, or peritoneum (Khan et al. 2006; Cho
et al. 2018; Abu-Zidan and Sheek-Hussein 2019).
It can affect a single abdominal organ, without
chest involvement (Abu-Zidan and Sheek-
Hussein 2019).

5.9.1 Gastrointestinal Tuberculosis

GI TB accounts for 1-3% of all TB cases
worldwide (Sheer and Coyle 2003) and for
about 11-16% of EPTB (Udgirkar et al. 2019).
It can occur in the context of active pulmonary
disease or as a primary infection without pul-
monary involvement. Female predominance of
GI TB or equal sex predisposition has been
reported (Sreeramareddy et al. 2008). The
entire GI tract, from esophagus to anus, can be
involved. The ileocecal region is the most
common location, being involved in 44-93%
of cases (Al-Bahrani and Al-Saleem 1982;
Gilinsky et al. 1983; Marshall 1993). The
colon and small bowel alone are the next most
frequent sites of infection, while the esopha-
gus and stomach are rarely involved. However,
any part of the GI tract may be affected
(Horvath and Whelan 1998; Rathi and
Gambhire 2016).

The increased risk of developing GI TB may
be due to a variety of risk factors. GI TB appears
to present more frequently and in a more severe
form in PLHIV (Donoghue and Holton 2009). In
line with this data, a Korean study demonstrated
that a higher Charlson comorbidity index (pre-
dicts 10-year survival in patients with multiple
comorbidities) is associated with development of
GI TB (Hong et al. 2013). The prevalence of GI
TB appears to vary significantly by geographical
location. In North America, GI involvement by
TB is one of the least prevalent types of extrapul-
monary infection (World Health Organization
2018), whereas it remains a more significant con-
cern in parts of the Middle East, Africa, and Asia.
In Saudi Arabia, GI TB represents the most com-
mon type of EPTB, with 15.8% of cases affecting
the alimentary tract (Al Karawi et al. 1995).
However, in Canada, GI TB represents only 4.2%
of the cases of EPTB (Akgun 2005). The risk fac-
tors of GI TB are immunocompromised people
(PLHIV and people using immunosuppressive
therapy) and immigrants from regions with a
high prevalence of TB (Kawazoe and Nagata
2012). Among immunocompromised patients,
several transplant database studies suggest that
renal transplant patients appear to be at a particu-
lar risk for pulmonary and EPTB. However, in
these studies, the absolute numbers of GI TB
cases are low (Ulloa et al. 2014). Several reports
indicate that female gender may be an additional
risk factor for GI TB (Musellim et al. 2005; De
Backer et al. 2006).

5.9.2 Abdominal Solid Organ
and Peritoneal Tuberculosis

Abdominal TB is a great mimicker (Nayagam
et al. 2016; Abu-Zidan and Sheek-Hussein 2019),
with single solid organ abdominal TB being able
to mimic pancreatic tumor, colonic cancer, gas-
tric cancer, and lymphoma. It can also mimic
inflammatory or infectious diseases such as
appendicitis, acute cholecystitis, and typhoid
fever (Cho et al. 2018; Abu-Zidan and Sheek-
Hussein 2019). Solid organ TB represents 3.1—
20.4% of all cases of abdominal TB (Sinan et al.
2002; Khan et al. 2006; Nayagam et al. 2016). It
is rarely seen in isolation, and is more frequently
part of multifocal or disseminated disease (Sinan
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et al. 2002). The liver and spleen are the main
organs involved (Sinan et al. 2002), with the liver
frequently affected in association with miliary
TB (Ahmed and Hassan 1994). Liver and spleen
TB can occur in the form of microabscesses in
miliary TB. Often, the only feature of solid organ
TB is organomegaly, with calcified granulomas
visible in late-stage disease or after healing
(Sinan et al. 2002). Macronodular forms are rare
(Ahmed and Hassan 1994). Pancreatic TB is rare
and may result from either hematogenous dis-
semination or direct spread of disease from adja-
cent nodes. It may also mimic pancreatic tumors
(Ahmed and Hassan 1994; Sinan et al. 2002).

Tuberculous peritonitis is usually part of mili-
ary TB, but may be secondary to GI or genital
TB (Ahmed and Hassan 1994). It can be acute or
chronic (Ahmed and Hassan 1994). Liver cirrho-
sis, diabetes mellitus, and renal failure requiring
continuous ambulatory peritoneal dialysis have
all been demonstrated to be significant risk fac-
tors in the development of peritoneal TB (Wu
et al. 2019). Peritoneal TB can be classified as
“wet” or “dry” peritonitis (Palmer et al. 1985;
Sinan et al. 2002; Srivastava et al. 2014; Wu
et al. 2019). The “wet” (55.3%) and the “dry”
(44.7%) types of peritonitis were both com-
monly found in a Kuwaiti study (Sinan et al.
2002). The peritoneum is the sixth most com-
mon extrapulmonary site in the USA; being seen
in up to 3.5% of cases of pulmonary TB, 31-58%
of cases of abdominal TB (Srivastava et al.
2014), and 0.1-0.7% of all TB cases (Wu et al.
2019). Peritoneal TB represents 30-83% of
abdominal TB (Palmer et al. 1985; Wells et al.
1986; Cho et al. 2018; Sinan et al. 2002; Uygur-
Bayramigli et al. 2003; Khan et al. 2006;
Nayagam et al. 2016).

6 Treatment Outcomes

Adherence to prescribed TB treatment remains a
critical component of clinical care and global TB
control. It may strongly influence the outcome of
therapy, as well as prevention and control (Vernon
et al. 2019; Bea et al. 2021). Poor adherence may
result in prolonged disease infectiousness,
relapse, drug resistance, worsening of the condi-

tion and death. A recent cohort study in South
Korea showed that approximately 45% of patients
with TB were nonadherent to drug therapy, which
is a major concern for treatment outcome (Bea
et al. 2021). Hence, healthcare providers should
pay special attention to reinforce patients’ adher-
ence throughout the course of TB treatment. One
of the concerns of the outcome of TB is possible
occurrence of relapse after successful treatment.
Reported rates of relapse after the standard 6
months of treatment for drug-susceptible pulmo-
nary TB range from 1% to 2% at 24 months (Jo
et al. 2014; Cudahy et al. 2020). The main condi-
tions associated with an increased risk of TB
relapse are drug resistance, smoking, HIV infec-
tion with low CD4 cell count, substance abuse,
chronic lung disease, sputum smear-positive dis-
ease, and cavitary pulmonary disease (Jo et al.
2014; Cudahy et al. 2020).

Drug-resistant TB continues to be a public
health threat. In 2019, close to half a million peo-
ple worldwide developed rifampicin-resistant TB
(RR-TB), of which 78% had multidrug-resistant
TB (MDR-TB). The three countries with the larg-
est share of the global burden are India (27%),
China (14%), and the Russian Federation (8%).
Globally in 2019, 3.3% of new TB cases and
17.7% of previously treated cases had MDR/
RR-TB. The highest proportions (>50% in previ-
ously treated cases) were found in countries of
the former Soviet Union (Liu et al. 2011; World
Health Organization 2021).

BCG is currently the only available TB vac-
cine. While the BCG vaccine has demonstrated
significant effectiveness in several populations,
protection has not been consistent against all
forms of TB and in all age groups (Roy et al.
2014). In a systematic review and meta-analysis
of 12 cohort studies, protection against pulmo-
nary TB was found to range from 44% to 99%
(Abubakar et al. 2013). Some randomized con-
trolled trials (RCTs) and observational studies of
vaccine efficacy support a high protection against
pulmonary TB from BCG vaccination of neo-
nates, and moderate protection of school-age
tuberculin skin test (TST)-negative children
(Mangtani et al. 2013). Evidence from a meta-
analysis of six RCTs shows that BCG vaccina-
tion confers a high degree of protection against
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severe forms of TB, reducing severe TB in vac-
cinated individuals by 85% (Mangtani et al.
2013). In addition, a systematic review of 14 case
control studies indicates a reduction of the inci-
dence of meningeal TB by 73% and of miliary
TB by 77% (Trunz et al. 2006).

7 Conclusion

TB is still a global public health problem and is
the leading infectious disease killer in the world.
The disease is driven by several conditions;
among them, HIV infection remains the most
important. Pulmonary TB is the most common
form. EPTB is dominated by TB of the pleura,
lymph nodes, spine, bones and joints, CNS, and
urogenital organs. Tuberculous lymphadenitis is
regarded as the most common form of
EPTB. Although CNS infection accounts for
approximately 1% of all cases of TB, it remains
one of the most devastating forms. As TB is a
curable and preventable disease, early diagnosis,
treatment, and prevention of TB are crucial. TB
treatment is effective but needs a high level of
adherence; this is a critical component of care
and important for global TB control. Drug-
resistant TB continues to be a public health threat.
Prevention is based on immunization and infec-
tion controls. The BCG vaccine is effective in
several populations but protection has not been
consistent against all forms of TB.
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advance or reverse states within the spectrum
of infection. The dissemination of M. tubercu-
losis out of the lungs happens during all infec-
tions and results in secondary lesions. The
microbiological diagnosis of active TB is
based on acid-fast bacillus (AFB) smear
microscopy, nucleic acid amplification tests
(NAAT), and culture. Culture remains the
gold standard for TB diagnosis. It increases
the potential of diagnosing TB at early stages
of the disease, allows extrapulmonary TB
diagnosis, species identification, and drug
susceptibility testing. However, it takes weeks
before results are available. NAAT have sig-
nificantly reduced this delay. The identifica-
tion of individuals with latent TB infection is
based on imperfect tests, namely tuberculin
skin test and interferon-y release assay.

Abbreviations

AFB Acid-fast bacilli

HIV Human immunodeficiency virus
LTBI Latent tuberculosis infection
NAAT Nucleic acid amplification tests
TB Tuberculosis

1 Introduction

Tuberculosis (TB) is the leading infectious cause
of mortality worldwide. The greatest burden of
this disease is located in developing countries.
However, developed countries are not spared
from this threat. The human immunodeficiency
virus (HIV) global epidemic and the emergence
of multidrug-resistant TB are major obstacles to
control this disease (Ankrah et al. 2018). The
majority of TB cases are due to Mycobacterium
tuberculosis (sensu stricto) or M. africanum. A
minority of cases are due to M. bovis or M. cap-
rae, the causal agents of bovine and caprine TB,
respectively (Pai et al. 2016a, b); and exception-
ally to M. canetti, M. microti, and M. pinnipedii.

All these species belong to M. tuberculosis
complex.

Understanding of the pathophysiology of TB,
necessary for development of effective treat-
ments and vaccines, continues to evolve. The
classical model of distinct latent and active forms
of TB disease has been replaced by a spectrum of
TB states (Furin et al. 2019). Early diagnosis of
TB including drug susceptibility testing (DST),
and systematic screening of contacts and high
risk groups are essential for ending the TB epi-
demic (Pai et al. 20164, b).

2 Chain of Infection

2.1 Reservoir

Humans are the only known reservoir of M.
tuberculosis (Pai et al. 2016a, b) and M. africa-
num. Unlike humans, most animals infected with
M. tuberculosis die without developing pulmo-
nary fibrosis and cavitation necessary for trans-
mission of the infection (Ankrah et al. 2018).
Almost a third of the world’s population harbor
M. tuberculosis in a quiescent state (Ankrah et al.
2018). M. africanum is highly restricted to West
Africa, where it causes up to 50% of all TB cases,
probably due to an association with patient eth-
nicity (Asante-Poku et al. 2015).

Major transmitters of TB are infected individ-
uals who test positive for acid-fast bacilli (AFB)
smear microscopy or culture, who have cavitary
pulmonary or laryngeal TB disease or frequent
cough, or who have delayed treatment. Also, the
infectiousness of the person with TB disease
increases when they fail to cover the mouth and
nose when coughing (Bloom et al. 2017). Young
children are less of transmitters than adults,
because they generally do not produce sputum
when they cough (Centers for Disease Control
and Prevention et al. 2021).

M. bovis and M. caprae have a broad host
range and can cause TB in a wide range of
domestic and wild animals (Rodriguez et al.
2009). The global burden of TB caused by these
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species is higher in African countries (2.8%) than
in countries outside Africa (1.4%), with predomi-
nance of M. bovis. The incidence of human infec-
tions with M. bovis in developed countries has
markedly decreased due to eradication cam-
paigns in animals, and the cases that do appear
are likely due to old infection reactivations
(Miiller et al. 2013).

2.2 Modes of Transmission

M. tuberculosis and M. africanum spread by
aerosol transmission (Sharma et al. 2016).
Infectious droplet nuclei are produced when indi-
viduals who have pulmonary or laryngeal TB dis-
ease cough, sneeze, shout, or sing. These particles
can remain suspended in the air for several hours.
Transmission occurs when a person inhales infec-
tious droplet nuclei that traverse the mouth or
nasal passages to reach the alveoli of the lungs.
The risk of infection among household contacts
of TB patients is about 30% (Heemskerk et al.
2015). Human TB caused by M. bovis and M.
caprae is due to consumption of unpasteurized
dairy products and close/continuous contact with
infected animals (Rodriguez et al. 2009).

23 Risk Factors

Risk factors influence the probability of infec-
tion, disease, or outcome. They cover physiologi-
cal, genetic, environmental, and behavioral
factors (Bloom et al. 2017).

Risk Factors of M. tuberculosis
Transmission

Most risk factors reflect the social and environ-
mental determinants of heavy exposure, namely
small/enclosed spaces, inadequate local or gen-
eral ventilation, recirculation of contaminated
air, improper specimen handling procedures,
positive air pressure in infectious patient’s room,
high proximity/frequency/duration of exposure,
living in densely populated spaces, being incar-

2.3.1

cerated, and working in occupations involving
frequent contact with patients with TB (Bloom
et al. 2017; Centers for Disease Control and
Prevention et al. 2021). Some genetic loci are
linked to increased risk of infection among
household contacts exposed to an infectious
patient (Bloom et al. 2017).

2.3.2 Risk Factors of Latent TB

Infection Progressing to TB

Disease
In contrast to infection, disease progression is
strongly dependent on host risk factors. HIV
infection is the greatest risk factor for the devel-
opment of TB disease in individuals with latent
tuberculosis infection (LTBI) due to immunosup-
pression. The risk of developing TB disease is
7% to 10% each year for individuals co-infected
with HIV (and not receiving highly active anti-
retroviral therapy) versus 10% over a lifetime for
individuals infected only with M. tuberculosis.
Other important risk factors are low body mass
index, exposure to tobacco and biomass fuel, dia-
betes mellitus, and heavy alcohol use (Bloom
et al. 2017).

Individuals are more likely to progress to
active TB in the presence of drug abuse, recent
infection with M. tuberculosis (within the past 2
years), history of untreated or inadequately
treated TB disease, fibrotic changes on chest
radiograph consistent with prior TB disease,
silicosis, chronic renal failure, solid or hemato-
logical malignancies, gastrectomy or jejunoileal
bypass surgery and immunosuppressive therapy
(e.g., tumor necrosis factor-alpha antagonists)
(Centers for Disease Control and Prevention
et al. 2021). Children younger than 5 years of age
are at increased risk for progression of LTBI to
TB disease (Centers for Disease Control and
Prevention et al. 2021) because of immune
response immaturity (Newton et al. 2008).

Populations have increased risk to develop TB
disease when they have LTBI, if they have an
increased local incidence of TB, or if they are
medically underserved or low income (Centers
for Disease Control and Prevention et al. 2021).
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In vitro studies indicate a role for vitamin D in
TB disease. Moreover, there is a correlation
between seasonal variation in vitamin D and TB
case numbers. The increased susceptibility of
dark-skinned individuals to TB infection and
more severe disease is linked to the role of mela-
nin to absorb ultraviolet light. Nutritional factors
may interact with genetic polymorphisms to
increase the risk of TB (Bloom et al. 2017).

2.3.3 Risk Factors of Extrapulmonary

B
Extrapulmonary TB is overrepresented in HIV-
infected patients, children, and those who are
malnourished.  Other  risk  factors  of
extrapulmonary TB are homelessness, incarcera-
tion, and alcohol abuse (Moule and Cirillo 2020).

2.3.4 Risk Factors Affecting TB
Outcomes

Risk factors for poor treatment outcomes are HIV
infection, smoking, diabetes mellitus, iron over-
load, renal dysfunction, and hematological
malignancies (Bloom et al. 2017). Infants have a
particularly high morbidity and mortality from
TB (Newton et al. 2008).

3 Pathophysiology
of Tuberculosis

Some individuals exposed to TB do not become
infected, whereas others, with minimal exposure,
rapidly succumb to infection and disease (Furin
et al. 2019). Indeed, there is a complex interac-
tion between the microorganism and the host
immune response. The outcome results in a spec-
trum of TB states (Ankrah et al. 2018).

Bacterial Infection
Determinants

3.1

Genomic comparison between M. tuberculosis
and Bacillus Calmette—Guérin (BCG) has been
used to search for the basis of attenuated viru-

lence, uncovering several differences, essentially
the region of difference 1. This region contains
genes that encode the ESX-1 secretion system,
which mediates the delivery of bacterial products
into the macrophage cytoplasm. However, the
presence of the ESX-1 secretion system in a few
atypical mycobacteria reconsiders the primacy of
ESX-1 in M. tuberculosis virulence. Therefore,
ESX-1 seems to be necessary, but not solely
responsible, for the full virulence of M. tubercu-
losis (Pai et al. 2016a, b). Whole-genome
sequence analysis shows that “modern” M. tuber-
culosis strains induce lower-level and delayed
proinflammatory cytokine production, replicate
more quickly, and are more pathogenic than more
“ancient” TB strains. Therefore, it seems that as
human populations expand quickly, M. tubercu-
losis develops traits of more rapid disease pro-
gression and increased transmission (Drain et al.
2018).

3.2 Host Determinants

of Infection

There is an interaction between M. tuberculosis
virulence factors and host determinants of sus-
ceptibility. Indeed, unremarkable strains,
according to genomic and laboratory character-
ization, have been linked to outbreaks in the
appropriate social and epidemiological settings.
Conversely, highly virulent strains in Asian pop-
ulations have a normal clinical and epidemio-
logical presentation in developed countries (Pai
et al. 2016a, b). Human resistance to TB infec-
tion has a strong genetic basis, involving an
evolutionary counter-response to bacterial viru-
lence. Mendelian studies have proved that severe
childhood TB could be attributable to single
gene inborn errors of interferon-y immunity
(Abel 2018). Also, a chromosome 11 locus has
been linked to susceptibility in multiple popula-
tions. Conversely, a chromosome 5 locus has
been associated with resistance in highly sus-
ceptible HIV-positive East African populations
(Bloom et al. 2017).
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3.3 Infection of Host Cells

While small M. tuberculosis aerosol particles
are expected to reach the distal airways, larger
particles can be trapped in the upper airway or
the oropharynx where they can lead to oropha-
ryngeal or cervical lymph node TB (Bussi and
Gutierrez 2019). Following inhalation, a num-
ber of pathways have been proposed regarding
the dissemination of M. tuberculosis across the
airway epithelia. One hypothesis is that M.
tuberculosis is carried across the epithelial bar-
rier within infected alveolar macrophages.
Another hypothesis is that it directly infects the

— i
= Mycobacterium

~.= tuberculosis
complex

epithelial cells and translocates across the bar-
rier, without disrupting the epithelium or caus-
ing a breach in the barrier by inducing cell
death. Alternatively, specialized M cells actively
translocate antigens from the alveoli to the inter-
stitium to present them to antigen-presenting
cells. Another hypothesis is that dendritic cells
in the alveoli transport live mycobacteria to the
lymph nodes. Finally, dissemination may
involve a combination of several or all of these
mechanisms (Moule and Cirillo 2020) (Fig. 1).
M. tuberculosis actively delays initial T cell
priming as well as T cell trafficking into the lung
(Pai et al. 20164, b).

Fig. 1 Schematic diagram illustrates M. tuberculosis dis-
semination mechanisms across the airway epithelia. These
comprise of dissemination within infected macrophages

(a), direct epithelial cell infection (b), passage within spe-
cialized M cells (¢), and dendritic cells antigen sampling
in the alveoli (d) [Adapted from Moule and Cirillo 2020]
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HIV infection increases the risk of progression
from M. tuberculosis infection to active TB dis-
ease, as a result of CD4* T cell depletion and T
cell-independent immune response impairment
(Pai et al. 2016a, b). In the neonate and infant,
mycobacteria overwhelm the effects of the innate
immune system because of innate pulmonary
defenses impairment. Antigen presentation and
the efficiency of naive T cell response to antigen
seem less effective and delayed, resulting in devel-
opment of active disease (Newton et al. 2008).

In patients with no previous exposure to M.
tuberculosis, pattern recognition receptors
expressed by macrophages, dendritic cells, and
epithelial cells interact with M. tuberculosis
ligands. Production of inflammatory cytokines
and chemokines recruits new cells to the infec-
tion site and initiates granuloma formation by the
innate immune system. The adaptive immune
response occurs approximately four to six weeks
following M. tuberculosis antigen presentation
by dendritic cells in lymph nodes. Predominantly

Infection eliminated

With innate With ired

immune response immune response
5

acquired immune | §§F

TH1-delayed-type response sequesters M. tuber-
culosis in a mature granuloma, with rapid bacil-
lary killing power. This prevents M. tuberculosis
from spreading to other tissues. The innate
immune system is less efficient than the adaptive
immune system in containing the infection. The
early events of M. tuberculosis infection influ-
ence the ultimate outcome (Ankrah et al. 2018).

Outside the lungs, M. tuberculosis can dis-
seminate to any organ. M cells may contribute to
dissemination and disease progression. Lymphatic
endothelial cells, adipose tissue, and bone mar-
row provide niches to M. tuberculosis, facilitating
persistent infection and modulating the local tis-
sue environment (Bussi and Gutierrez 2019).

34 Spectrum of Infection

TB can present as a dynamic spectrum, from
asymptomatic infection to severe or fatal disease
(Pai et al. 20164, b) (Fig. 2). Drain et al. (2018)

Active
tuberculosis
disease

,  Subclinical
tuberculosis
¢ disease

o

response without S
T cell memory 1= \ Mycobacterium
: : | tuberculosis
I3 A \ complex
LI
i ~
LI | =
LI |
LI |
L |
LI |
Symptoms None None None ! 1 Mild or none Mild to severe
-
Infectious No No No 1 1 Sporadically Yes
LB ]
11
Sputum smear Negative Negative Negative i 1 Usually negative Positive or negative
s
Culture Negative Negative  Negative i Intermittenly positive  Positive
i
L
TST Negative Positive Positive 11 Positive Usually positive
' i
{1 |
IGRA Negative Positive Positive iR Positive Usually positive
L |
Preferred : o ; .
Geitrcat None None Preventive thempy: : Multidrug therapy Multidrug therapy

Fig. 2 Schematic diagram and accompanying chart show the spectrum of tuberculosis infection and disease. IGRA:
interferon-y release assay. TST: tuberculin skin test. [Adapted from Pai et al. 2016a, b]
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divided the pathophysiological spectrum into five
categories:

* Eliminated TB infection refers to M. tubercu-
losis infection cleared by innate (in this case,
immunological tests might be negative) and/or
acquired immune responses (in which case
immunological tests might be positive or neg-
ative) or cured with anti-TB drugs.

e LTBI is infection with viable M. tuberculosis
for which progression to TB disease is not
expected to occur soon, in the absence of any
significant immune deficiency. Immunological
tests are typically positive.

» Incipient TB infection is infection with viable
M. tuberculosis bacteria that is likely to prog-
ress to active disease in the absence of further
intervention but has not yet caused clinical
symptoms, radiographical abnormalities, or
microbiological evidence of active TB
disease.

e Subclinical TB disease is asymptomatic dis-
ease due to viable M. tuberculosis with radio-
graphical abnormalities or microbiological
evidence of active TB disease.

* Active TB disease is symptomatic disease due
to viable M. tuberculosis with radiographical
abnormalities or microbiological evidence of
active TB disease.

In most individuals with LTBI, the immune
response is sufficient to maintain control of
infection. However, in some cases, for unknown
reasons, the infection can progress to clinical
disease within weeks to decades. From a bacte-
riological perspective, presenting intact anti-
genic proteins contributes to the progression to
disease. M. tuberculosis genes involved in the
production of immunodominant CD4+ T cell
antigens are invariable across strains and lin-
eages. From a host perspective, three epidemio-
logical observations inform on essential
pathways in controlling infection, namely HIV,
anti-TNF drugs, and inborn errors in immunity
(Pai et al. 20164, b). Moreover, immunity to TB
varies over time, even within the context of an
individual patient. Both local and systemic

immune responses seem to be important in con-
trolling TB infection (Furin et al. 2019).

Variations in the cellular compositions and
activation levels of immune cells, epithelial cells,
and extracellular matrix within granulomas
expose M. tuberculosis to different microenvi-
ronments (nutrient availability, reactive interme-
diates, cytokine profiles, and drug penetration).
In a single human host, different pulmonary and
extrapulmonary infection sites induce bacterial
phenotypic heterogeneity that can in turn shape
the immune response and progression of infec-
tion. The types of lesions detectable in asymp-
tomatic individuals correlate with progression to
active disease (Drain et al. 2018).

3.5 Primary Versus Post-primary

Tuberculosis

M. tuberculosis produces two distinct disease
entities, namely primary and post-primary
TB. These two entities differ in histopathology,
imaging, genetic predisposition and immune sta-
tus of the host, age of onset, organ distribution,
clinical course, and susceptibility to BCG protec-
tion (Hunter and Actor 2019). Primary TB results
from insufficient immune responses. Conversely,
post-primary TB results from strong immune
responses.

The early lesion is an accumulation of myco-
bacterial antigens in alveolar macrophages in
association with highly sensitized T cells, form-
ing a massive necrotizing hypersensitivity reac-
tion. This is known as the Koch Phenomenon,
which leads to caseous pneumonia, evolving to a
pulmonary cavitation or to a focus of post-
primary granulomas and fibrocaseous disease.
Both granulomas, produced by primary and
post-primary TB, surround and isolate infectious
foci and protect against disseminated
TB. Therefore, after initial sensitization to myco-
bacterial antigens, all subsequent infections and
dissemination occur as post-primary TB. In con-
clusion, M. tuberculosis uses the strongest
immune response to produce pulmonary cavities
from which it can disseminate to new hosts,
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while maintaining a high degree of immunity in
the body (Hunter 2020).

Progressive pulmonary TB is due to a continu-
ous host response to mycobacterial products and
not to increasing numbers of viable bacilli
(Hunter 2020). Subclinical pulmonary lesions
frequently develop for months before onset of
symptoms. Most early infiltrates resolve com-
pletely (Hunter and Actor 2019). This is probably
linked to premature development of granulomas,
weak immune responses, altered macrophage
polarization, and failure of bronchial obstruction
(Hunter 2020). THI immunity reduces systemic
dissemination but does not prevent pulmonary
disease (Hunter and Actor 2019).

3.6 Pulmonary Versus

Extrapulmonary Tuberculosis

M. tuberculosis is primarily a respiratory patho-
gen. However, 15% of infections occur at
extrapulmonary sites, therefore complicating the
disease diagnosis and treatment. The most com-
mon forms of extrapulmonary TB are cervical
lymph node TB, pleural TB, and gastrointestinal
TB (the latter is more commonly associated with
M. bovis). A less common but potentially serious
form of extrapulmonary TB is central nervous
system TB, especially tuberculous meningitis.
Miliary TB is the most severe form of
extrapulmonary TB. It is a systemic infection
caused by hematogenous spread of the bacteria,
characterized by numerous small lesions pre-
dominating in highly vascularized organs (e.g.,
lungs, liver, spleen, bone marrow, kidneys).
Lympho-hematogenous spread is the most
probable path of disease progression for both
pulmonary and extrapulmonary infections.
Indeed, the primary pulmonary granuloma can
involve the surrounding lymph nodes, creating a
Ghon complex. M. tuberculosis then spreads
from infected lymph nodes into the lymphatic
system, most likely entering the circulatory sys-
tem through the thoracic duct and the subclavian
vein. Hematogenous reseeding of the lungs leads
to secondary granulomas of the lungs (in apical

regions) and/or extrapulmonary organs (Fig. 3).
Bacterial virulence factors may be involved in
dissemination. Indeed, M. tuberculosis strains
from different phylogenetic lineages are associ-
ated with different rates of extrapulmonary dis-
ease, and clinical isolates from extrapulmonary
infections are responsible for an increased degree
of disseminated disease in animal models (Moule
and Cirillo 2020).

4 Microbiological Diagnosis
of Active Tuberculosis

Mycobacteria have several unique characteristics
as compared to other genera of bacteria. This is
essentially due to the higher content of complex
lipids, including mycolic acids. In turn, the cell
walls are extremely hydrophobic, which impacts
staining with colorants and penetration by drugs.
These unique bacterial characteristics imply spe-
cial laboratory considerations for direct staining
from specimens, culture, and DST (Caulfield and
Wengenack 2016). There are three principal
methods for the detection of active TB, namely
microscopy, nucleic acid amplification tests
(NAAT), and cultures (Pai et al. 2016a, b).

Culture is considered the gold standard for
diagnosis. However, it takes weeks before results
are available, because of the slow growth of TB
bacilli. Furthermore, its sensitivity is only 80%
(Ankrah et al. 2018). Pediatric TB diagnosis is
challenging because of small amounts of sputum
(usually swallowed) and scarcity of bacilli in
specimens. In sputum samples, microscopy and
culture are positive in around 10-15% and 30%,
respectively (Newton et al. 2008).

4.1 Specimen Collection

The specimen type depends on the clinical mani-
festation of disease. The most common sources
are respiratory specimens, including sputum
(expectorate or induced sputum), bronchial aspi-
rates, and bronchoalveolar lavage fluid. These are
followed by tissues, normally sterile body fluids,
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Fig. 3 Schematic diagram shows progression of human  with secondary granulomas in the lungs (4) and/or the
M. tuberculosis infection. Inhalation of contaminated extrapulmonary organs (5). [Adapted from Moule and
aerosols (1), followed by primary lung infection forming  Cirillo 2020]

a Ghon complex (2). Lympho-hematogenous spread (3),

blood, and urine. Specimens should be collected tion by acid alcohol when stained with carbol
in sterile, leak-proof containers. Tissues may be fuchsin (during Ziehl-Neelsen staining) or aura-
placed in a small amount of sterile saline solution ~mine (during fluorescent staining). Hence, they
to avoid dehydration. Most of them should be are called “acid-fast bacilli” (or “AFB”). The sen-
refrigerated during transport and storage sitivity of sputum AFB smear varies between
(Caulfield and Wengenack 2016). 22% and 80%, depending on the concentration of
mycobacteria  (reliable  detection requires

10°-10* CFU/ml), the type of AFB stain used,

4.2 Acid-Fast Bacilli Smear and the experience of the laboratory technician.
Microscopy Smear-positive predictive value for mycobacteria

is >95%. However, it is not specific for M. tuber-

Microscopic examination of stained smears culosis complex and cannot discriminate between
allows rapid screening of mycobacteria in clini- mycobacterial species. Positive sputum smears
cal specimens. Mycobacteria resist decoloriza- correlate with high infectivity for patients with
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pulmonary TB and high AFB concentrations
correlate with infection severity (Caulfield and
Wengenack 2016).

Examination of Ziehl-Neelsen-stained slides
under light microscopy is the most commonly
used method in low-resource settings. Fluorescent
staining is relatively expensive, but it is more
sensitive and allows for more rapid reading of
slides. The replacement of conventional fluores-
cent light sources with light-emitting diodes has
considerably reduced cost and maintenance
requirements. It also eliminates the necessity of a
darkroom. The World Health Organization
(WHO) recommends replacing conventional flu-
orescent and light microscopy by light-emitting
diode microscopy (Pai et al. 2016a, b) (Fig. 4).
Additionally, it recommends performing two
AFB smears (low additional sensitivity gained by
performing a third smear after two negative
ones). The Centers for Disease Control and
Prevention (CDC) recommends reporting AFB
staining laboratory results within 24 h of speci-
men collection (Caulfield and Wengenack 2016).

4.3 Mycobacterial Culture

Culture for mycobacteria is approximately 100
folds more sensitive than AFB smear (reliable
detection requires 10-10*> CFU/ml). However, it
requires a more developed laboratory, and needs
infrastructure and maintenance to support an ade-
quate biosafety level and uninterrupted power
supply (Pai et al. 20164, b). Mycobacteria are fas-
tidious microorganisms. Culture is traditionally
performed on solid egg-based media, such as
Lowenstein-Jensen media. It offers good growth
of M. tuberculosis complex, but is not as reliable
for M. bovis. While some laboratories still use
this media, many have chosen to use more chemi-
cally defined agar-based media optimized for
faster mycobacterial growth. However, these
media are less stable and more prone to
deterioration.

M. tuberculosis complex species have a slow
growth rate. Colonies become visible on culture
plates after several weeks. Generally, cultures are
carried on for six to eight weeks before being

a Acid-fast bacillus b

Fig. 4 Photomicrograph of stain sputum smear shows tuberculosis bacilli (Acid-fast bacilli). (a) Ziehl-Neelsen
(x1,000). (b) Auramine O by light-emitting diode fluorescence microscopy (x200)
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reported as negative. Plated growth allows for the
detection of mixed cultures (containing multiple
species) and the identification of mycobacteria
(based on morphological characteristics). M.
tuberculosis colonies are characteristically dry,
with a rough texture and a cream/tan color
(described as “rough and buff”). Differently, M.
bovis colonies are flat and smooth. As all M.
tuberculosis complex species are nonpigmented,
the presence of any pigment favors atypical
mycobacteria (Caulfield and Wengenack 2016).

Liquid culture is faster and more sensitive
than solid culture for mycobacterial isolation.
Indeed, M. tuberculosis complex from clinical
samples is detected faster by automated broth
systems (an average of 10 days) than on solid
media (20-25 days). However, it must be con-
firmed with subculture on solid media to detect
mixed cultures and to observe colony morpholo-
gies. Therefore, optimal recovery of mycobacte-
ria from clinical specimens requires the use of
both solid and liquid media (Caulfield and
Wengenack 2016).

4.4 Mycobacterial Identification
Rapid discrimination of M. tuberculosis complex
from other AFB isolated in culture is essential.
For this purpose, molecular techniques are faster
than traditional biochemical tests. They include
nucleic acid hybridization probes, line probe
hybridization —assays, matrix-assisted laser
desorption/ionization time-of-flight mass spec-
troscopy, and DNA sequencing (Caulfield and
Wengenack 2016).

4.5 Direct Molecular Detection

from Specimens

NAAT have superior performance to AFB stain-
ing in patients with suspected TB. However, they
do not differentiate between live and nonviable
M. tuberculosis complex strains. Respiratory
specimens must be cultured for mycobacterial
growth in case of negative results by NAAT. It
allows detection of false-negative NAAT and

atypical mycobacteria. Furthermore, it enables
monitoring the treatment response and drug sus-
ceptibility testing. The Xpert MTB/RIF tests
(Cepheid) are the only U.S. Food and Drug
Administration  (FDA)-approved  automated
NAAT that can identify M. tuberculosis bacteria
(MTB) and resistance to rifampicin (RIF) from
respiratory specimens. It is an easy cartridge-
based real-time polymerase chain reaction (PCR)
method that delivers results in under 2 h. It has a
closed amplification system that reduces cross
contamination risk. Moreover, it does not require
advanced biosafety equipment.

Compared to culture, NAAT have a higher
sensitivity from smear-positive (90-99%) than
smear-negative (66—74%) respiratory specimens.
CDC guidelines recommend performing NAAT
on at least one respiratory specimen from each
patient (preferably the first) with suspected pul-
monary TB (Caulfield and Wengenack 2016).
WHO recommends using Xpert MTB/RIF as ini-
tial diagnostic test on adults or children suspected
to have TB meningitis (on cerebrospinal fluid
specimens), multidrug-resistant TB, or HIV-
associated TB. If possible, it should be done for
all suspected TB cases (Pai et al. 20164, b).

4.6 Drug Susceptibility Testing
Patients contract drug-resistant TB by two modes,
namely infection with a drug-resistant strain (pri-
mary resistance) or development of resistance
during therapy (secondary resistance). M. tuber-
culosis develops drug resistance through genetic
mutations. Multidrug resistance is defined as
resistance to at least isoniazid and rifampicin.
Extensive drug resistance is defined as multidrug
resistance associated with fluoroquinolones and
second-line injectable drugs resistance (Dheda
et al. 2017). Rifampin resistance is a predictor of
multidrug resistance (Caulfield and Wengenack
2016). The detection of resistance is impeded by
limitations in both phenotypic and genotypic DST
(Pai et al. 2016a, b). WHO recommends estab-
lishing laboratory capacity to detect multidrug-
resistant TB by national TB control programs (Pai
et al. 20164, b).
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4.6.1 PhenotypicTests

The proportion method is the gold standard test
for DST. It counts the number of M. tuberculo-
sis colonies that grow on agar without antibiot-
ics, compared with agar containing a critical
concentration of antibiotics. For some drugs
(e.g., ethambutol), there is important overlap
between critical concentrations of wild-type and
resistant organisms, which limits the applicabil-
ity of this method for these drugs. Commercial
automated liquid culture systems use a modifi-
cation of the proportion method. They have
reliable results for isoniazid, rifampin, fluoro-
quinolones, aminoglycosides, and polypeptides,
but not to other first-line (ethambutol and pyra-
zinamide) and second-line drugs. The gold stan-
dard for DST for second-line TB drugs is
phenotypic testing (liquid or agar proportion)
(Pai et al. 20164, b).

4.6.2 GenotypicTests
Genotypic tests detect resistance by searching for
relevant genes directly by real-time PCR (Xpert
MTB/RIF) or DNA sequencing. Conversely, this
can be achieved indirectly through line probe
assay (LPA) detecting the binding of PCR-
amplified DNA to probes targeting the most prev-
alent mutations encoding resistance or to
wild-type probes. Xpert MTB/RIF detects rpoB
gene mutations responsible for approximately
96% of rifampin resistance in the M. tuberculosis
complex, with a sensitivity of 94% and a specific-
ity of 98% (Caulfield and Wengenack 2016).
However, its positive predictive value is relatively
low in countries where rifampin resistance is low.
LPA for drug resistance detection is faster
than phenotypic tests, presents lower biosafety
risk and increases throughput. LPA for first-line
drug resistance detection (rifampin and isonia-
zid) can be done on cultured isolates or directly
from smear-positive sputum samples. As LPA for
second-line drug resistance detection (fluoroqui-
nolones and second-line injectable aminoglyco-
sides) has a good specificity (>98%) and a
suboptimal sensitivity, it can be used to rule in
resistance but cannot be used to completely rule

them out. WHO recommends using automated
liquid systems and LPA for first-line DST (on
isolates or directly on smear-positive sputum) as
the current gold standard. It endorses using LPA
for second-line DST as the initial test.
Confirmation requires conventional culture and
phenotypic-based DST for detection of rifampin
resistance or multidrug resistance, or resistance
on smear-negative sputum (Pai et al. 2016a, b).

5 Testing Methods for Latent
M. tuberculosis Infection

Testing for LTBI is generally indicated in cases
with a high risk of progression to TB disease
(e.g., close contact with a patient with TB,
immunosuppression). It is based on indirect
markers of M. tuberculosis exposure, namely
tuberculin skin test (TST) and interferon-y
release assay (IGRA). Both tests have reduced
sensitivity in children and immunocompromised
patients. Additionally, they have low predictive
value for progression to active TB. Finally, they
are unable to differentiate LTBI from active TB,
or to differentiate cleared infection from true
infection (Pai and Behr 2016).

5.1 Tuberculin Skin Test

TST is usually performed using the Mantoux
method. However, interpretation of the results is
complex. It should involve the probability of
prior infection and the likely risk of disease in
cases of infection. TST has many advantages in
low-resource settings (low reagent cost, no hard-
ware costs, limited skill requirement, and no
requirement for laboratories). However, its speci-
ficity is compromised by late or repeated BCG
vaccination, exposure to atypical mycobacteria,
or previous cleared infection. Moreover, TST has
limited reproducibility, interreader variability,
dynamic nature (boosting, conversions, and
reversions), and need for patients to return for the
reading (Pai and Behr 2016).
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5.2 Interferon-y Release Assays

Two commercial IGRAs are available in many
countries, namely QuantiFERON-TB Gold
In-Tube assay (an enzyme-linked immunosor-
bent assay) and T-SPOT.TB assay (an enzyme-
linked immunospot assay). IGRAs measure T
cell release of interferon-y after M. tuberculosis
complex specific antigens stimulation. These
antigens are more specific for M. tuberculosis
than purified protein derivative used for TST
because they are produced by only a few atypical
mycobacteria and not by BCG vaccine strains.
However, IGRAs have highly dynamic natures
(inconsistent results, high rates of conversions
and reversions in repeated tests) probably related
to transitions within the LTBI spectrum or to
poor reproducibility. Compared to TST, IGRAs
do not add much value, but they are more expen-
sive (Pai and Behr 2016).

6 Conclusion

The global TB elimination is hampered by the
huge reservoir of individuals with LTBI. In the
absence of overt immune suppression, risk fac-
tors of LTBI progression to TB disease are not
completely understood. However, many advances
have been made in deciphering TB epidemiology
and pathophysiology. Finally, multiple laboratory
methods are being developed toward a faster,
affordable, and accurate diagnosis.
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cytology, but are rarely observed in body flu-
ids. Histological and cytological examina-
tions, notably in endemic areas where
molecular tests are unavailable, provide a
rapid diagnosis allowing the initiation of the
treatment. Ancillary techniques on formalin-
fixed paraffin-embedded tissue such as special
stains, immunochemistry and molecular tests
help to establish the diagnosis. Acid-fast
bacilli are identified in specimens containing
necrotizing granulomas, especially in areas
with suppuration and cavitation. Acid-fast
bacilli are less frequently seen in nonnecrotiz-
ing granulomas and very rarely seen in
nongranulomatous lesions.

Abbreviations

AFB
FFPET

Acid-fast bacilli
Formalin-fixed paraffin-embedded
tissue

FNAC  Fine-needle aspiration cytology

HIV Human immunodeficiency virus
MTB Mycobacterium tuberculosis bacteria
TB Tuberculosis

ZN Ziehl-Neelsen

1 Introduction

Unlike pulmonary tuberculosis (TB), the
extrapulmonary forms of TB are frequently biop-
sied. Extrapulmonary TB is often paucibacillary,
with negative culture being frequent. In these
cases, notably in endemic areas where molecular
tests are unavailable, histology provides a rapid
diagnosis allowing the initiation of the treatment.
The hallmark of TB infection is necrotizing gran-
ulomatous inflammation. However, microscopic
tuberculous lesions are heterogeneous, being
dependent on the disease stage, host immunity
response, and phenotypic characteristics of the
TB bacillus. This chapter focuses on gross and
microscopic features of TB, their pathogenesis,
and peculiarities according to locations. The role

of ancillary techniques in formalin-fixed paraffin-
embedded tissue (FFPET) for the diagnosis of
TB is emphasized.

2 Pathogenesis of Tuberculosis
Lesions
2.1 Primary Tuberculosis

Primary TB infection refers to the infection of an
individual without any previous history of TB
(Milburn 2001). It occurs when Mycobacterium
tuberculosis bacteria (MTB) reach the alveoli of
the host and encounter alveolar macrophages.
MTB are then phagocytosed and eliminated by
alveolar macrophages (Pai et al. 2016). If the
defense system of the host fails to eliminate the
infection, MTB are not destroyed and the bacilli
proliferate inside the alveolar macrophages. The
phagocytosed MTB develop various approaches
to escape the defense system, such as the inhibi-
tion of phagosome maturation, expression of
virulence-associated factors, inhibition of pha-
golysosomal fusion, and protection from reactive
oxidative radicals (Cardona 2018; Shim et al.
2020).

Dendritic cells infected by MTB migrate to
regional lymph nodes, presenting mycobacterial
antigens to lymphocytes. T cells identify MTB
antigens and turn into specific T cells, namely
CD4 and CDS, leading to the induction of cell-
mediated immune response to MTB after a few
weeks of infection. These specific lymphocytes
return to the lungs, recruit monocytes, and stimu-
late them by releasing lymphokines including
interferon-y, interleukin 2, and tumor necrosis
factor; thus promoting the destruction of myco-
bacteria (O’Garra et al. 2013). This phenomenon
results in the formation of well-defined granulo-
mas consisting of epithelioid cells and giant mul-
tinucleated cells surrounded by T lymphocytes,
plasma cells, few neutrophils, and a fibrous cap-
sule with collagen (Russell 2007).

Granuloma formation is important to prevent
the spread of the infection. In the center of granu-
lomas, there is caseous necrosis, which contains
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extracellular bacilli and a high content of lipids
and proteins (Kim et al. 2010). Caseous necrosis
results not only in tissue destruction but also
bacilli destruction. Several mechanisms contrib-
ute to the inhibition of MTB replication within
necrosis, including low oxygen tension, low pH,
and local accumulation of fatty acids
(Tomashefski et al. 2008). The Ghon focus is a
small focus of granulomatous inflammation that
usually occurs in the subpleural parenchyma and
affects the mediastinal lymph nodes, forming the
Ghon complex. In the majority of patients, the
Ghon complex heals with fibrosis and calcifica-
tions within weeks or months, with formation of
the Ranke complex (Madkour 2004).

In progressive primary TB, the immune sys-
tem fails to control the multiplication of MTB.
Caseous necrosis can become suppurative, con-
taining numerous neutrophils and ultimately
leads to cavity formation. The mechanism of sup-
puration may involve the action of hydrolytic
enzymes released from the dead inflammatory
cells (Tomashefski et al. 2008). Suppuration has
a major action in the progression of disease,
causing tissue damage and wide spread to other
locations through the blood and lymphatic sys-
tems, with resultant extrapulmonary TB (Akhtar
and Al Mana 2004).

2.2 Post-primary Tuberculosis

Post-primary TB, also known as secondary TB, is
a chronic disease that occurs in immunocompe-
tent individuals who have developed immunity to
primary TB. It differs from primary TB in
immune response, histopathology, gene predis-
position, and clinical presentation (Hunter 2011).
In primary TB, caseous necrosis develops within
the granulomas; while in secondary TB, granulo-
mas develop around pre-existing foci of caseous
pneumonia (Hunter et al. 2014). Post-primary TB
is usually due to the reactivation of old lesions by
the breakdown of quiescent foci, or to the pro-
gression of primary TB into a chronic form
(Cardona 2018). The acquisition of a new infec-

tion from active cases has been suggested (Hunter
et al. 2014).

Post-primary TB is typically restricted to the
upper lobes of the lungs and does not involve
lymph nodes or other organs. It requires a stron-
ger immune response than primary TB (Hunter
et al. 2007). Post-primary TB begins as a lipid
pneumonia of foamy alveolar macrophages that
undergoes caseation necrosis and fragmentation
to produce cavities (Hunter 2011; Hunter et al.
2014). Unlike primary TB that protects the host
from disseminated TB, post-primary TB manipu-
lates the immune system through the develop-
ment of cavities that produce a massive number
of bacilli (Hunter and Actor 2019).

3 Pathological Diagnosis
3.1 Specimens for Pathological
Diagnosis

The pathological diagnosis of TB is made from
cytological and/or tissue specimens. The cyto-
logical diagnosis of TB is based on fine-needle
aspiration cytology (FNAC) and on cytology of
body fluids (Reddy et al. 2013; Sener and Erdem
2019) from specimens such as ascitic fluid,
pleural fluid, cerebrospinal fluid, and urine.
Cell blocks prepared from FNA material and
body fluids are useful for acid-fast staining.
Cytology is cost-effective, quick, and relatively
non-invasive (Chatterjee and Dey 2014). The
diagnosis of TB can be confirmed by a combi-
nation of tests performed from FNAC or on
body fluids. Necrosis and granulomas are highly
suggestive of TB. These features, frequently
seen in FNAC material, are rarely observed in
body fluids (Reddy et al. 2013). FNAC is a first-
line method for the diagnosis of extrapulmonary
TB. It is easily applicable to palpable lesions
such as peripheral lymphadenopathies. For
deep structures, FNAC is guided by radiologi-
cal examinations such as ultrasound imaging
and computed tomography (Handa et al. 2005;
Gupta et al. 2011).
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The diagnosis of pulmonary TB is mostly
based on the isolation of MTB from sputum.
Bronchoalveolar lavage and brushings under
bronchoscopy are offered mainly in cases with
negative sputum to obtain samples for cytology,
microbiological, and molecular analyzes.
Transbronchial biopsy can play an important
role in the diagnosis of pulmonary TB, particu-
larly for patients with negative bacteriology on
sputum and on bronchoalveolar lavage fluid. It
allows a histological diagnosis suggestive of
TB in 42-63% of patients (Lewinsohn et al.
2017). Biopsies and surgical resections are also
undertaken in atypical presentations, and in
uncontrollable multidrug-resistant diseases
(Leong et al. 2016).

Unlike pulmonary TB, the extrapulmonary
forms of TB are frequently biopsied. Their diag-
nosis often requires invasive procedures to obtain
tissues for microbiological and histological
investigations (Chakravorty et al. 2005). In atypi-
cal presentations, notably those mimicking
tumors, microbiological analyses may not be per-
formed. In these cases, the diagnosis of TB is
based on only histological examination.
Furthermore, culture may be negative due to the
paucibacillary character of extrapulmonary TB
(Gaur et al. 2020). In these cases, histopathology

5o

provides a rapid diagnosis of extrapulmonary
TB, especially in endemic areas with limited
resources, where molecular techniques are
unavailable.

3.2 Basic Lesions of Tuberculosis

Microscopically, TB is characterized by hetero-
geneous and variable lesions depending on the
disease stage, host immunity response, and phe-
notypic characteristics of the TB bacillus (Russell
2007). Microscopically, it is difficult to deter-
mine whether a granuloma is primary or second-
ary, based on only histological features. The
hallmark of TB is a necrotizing granulomatous
inflammation, composed of epithelioid cells and
a peripheral crown of lymphocytes and spindle-
shaped fibroblasts, surrounding a central necrotic
zone (Fig. 1). Epithelioid granulomas are mostly
small, but can present in different range of sizes,
reaching several centimeters. They are mostly
compact and well delineated, composed of round
aggregates of epithelioid cells. These cells have
round to oval nuclei, often with irregular con-
tours and abundant eosinophilic cytoplasm
(Fig. 2). Several Langhans giant cells are seen in
the granulomas. These cells contain many nuclei

Fig. 1 Photomicrographs show epithelioid granulomas with central caseous necrosis (N). Hematoxylin and eosin stain

magnification: (a)100x and (b) 400x
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Fig. 2 Photomicrograph shows epithelioid noncaseating
granuloma. Epithelioid cells have round to oval nuclei
with irregular contours and abundant eosinophilic cyto-
plasm. Hematoxylin and eosin stain magnification 400x

Fig. 3 Photomicrograph shows epithelioid granulomas
with Langhans giant cells (GC) with nuclei arranged in a
horseshoe-like pattern. Hematoxylin and eosin stain mag-
nification 400x

arranged in a horseshoe-like pattern at the edge
of the cell with abundant cytoplasm (Fig. 3).
Langhans giant cells are not specific for TB and
are found in various other infectious and non-
infectious diseases.

Grossly, caseating necrosis is typically white,
soft, and cheesy-looking (Fig. 4). Histologically,
in caseating granulomas, epithelioid cells form a
palisading arrangement around the central
necrosis, which has a fine-grained, homoge-
neous and eosinophilic necrotic appearance

Fig.4 Caseous necrosis. Specimen photograph of the cut
surface of a tuberculous lymph node shows caseous
necrosis with a typical white and cheesy appearance
(arrow)
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Fig. 5 Caseous necrosis. Photomicrograph shows acel-
lular, granular, and homogeneous eosinophilic necrosis
(N) surrounded by palisaded histiocytes. Hematoxylin
and eosin stain magnification 400x

(Fig. 5). In the acute phases of infection, caseous
necrosis can become suppurative or liquefactive
(Akhtar and Al Mana 2004). Grossly, suppura-
tive and liquefactive necroses are characterized
by a yellow creamy appearance. Histologically,
liquefactive necrosis has a basophilic appear-
ance containing neutrophils and nuclear debris
(Fig. 6). Suppurative necrosis is very rich in neu-
trophils and is indistinguishable from pus.
Unlike caseous necrosis, liquefactive and
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Fig. 6 Liquefactive necrosis. Photomicrograph shows liquefactive basophilic necrosis (N) containing nuclear debris.
Hematoxylin and eosin stain magnification: (a) 100x and (b) 200x

Fig.7 Photomicrograph shows fibrotic transformation of
granuloma. Hematoxylin and eosin stain magnification
400x

suppurative necroses are usually rich in MTB
(Tomashefski et al. 2008). Other types of granu-
lomas can be observed in TB infection, includ-
ing nonnecrotizing granulomas, histiocytic
ill-defined granulomas, suppurative necrotic
granulomas, and completely fibrotic granulomas
(Mattila et al. 2013) (Fig. 7). These lesions reflect
the host’s immune response to bacterial anti-
gens. Their cell organization and composition
depend on the host’s immunity.

All types of tuberculous lesions are frequently
surrounded by non-specific chronic inflammation
called perifocal reaction, which represents a
manifestation of delayed hypersensitivity reac-
tion against secreted proteins (Tomashefski et al.
2008). Perifocal reaction occurs in primary and
post-primary TB. It is an edematous inflamma-
tory response that contains few or no bacilli, and
surrounds a recent active site of infection (Hunter
et al. 2014). In pulmonary TB, perifocal reaction
is histologically similar to pulmonary alveolar
proteinosis which is characterized by many alve-
oli filled with blood, lipid, plasma, few neutro-
phils, and many lymphocytes (Fig. 8). Perifocal
inflammation is typically associated with vasculi-
tis in small and large arteries and veins, usually
the lymphocytic type. Granulomatous vasculitis
secondary to TB has also been reported (Pagnoux
et al. 2006) (Fig. 9). Thrombosis may be seen in
perifocal inflammation, and causes infarction and
tissue necrosis (Hunter et al. 2014; Hunter 2020).

The tuberculous changes depend on the bal-
ance between the immune response and the infec-
tive organisms. In immunocompetent individuals,
the infection may be controlled through the
development of necrotizing granulomas. MTB
may be completely destroyed or reduced to a dor-
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Fig. 8 Perifocal inflammation. (a) Photomicrograph
shows lymphocytic inflammation with alveolar macro-
phages and vessel transmural lymphocytic inflammation
(circle). Hematoxylin and eosin stain magnification 100x.

(b) Photomicrograph shows alveolar edema, lymphocytic
infiltrate, and alveolar macrophages. Hematoxylin and
eosin stain magnification 200x

Fig.9 (a) Photomicrograph shows granulomatous vascu-
litis secondary to tuberculosis. Hematoxylin and eosin
stain magnification 400x. (b) Photomicrograph shows

mant state. Lesions can either be completely
resolved or progress to scarring, with no evidence
of activity; or leave discrete sequelae where most
of the epithelioid cells are gone, with minimal or
absent inflammatory cells, fibrosis, and sclerosis.
A calcified granuloma generally constitutes a
successful immune response (Leong et al. 2016).

vasculitis tuberculosis.

lymphocytic
Hematoxylin and eosin stain magnification 200x

secondary to

Miliary TB usually occurs in immunocompro-
mised individuals. It is characterized by foci of
caseating necrosis without granulomas, and is
also known as nonreactive miliary TB (Vohra and
Dhaliwal 2021). In immunocompromised per-
sons, including patients with human immunode-
ficiency virus (HIV) infection, TB may either not
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Fig. 10 Tuberculosis in a patient infected by human

immunodeficiency  virus. Photomicrograph  shows
necrotic material (N) without epithelioid granuloma.
Hematoxylin and eosin stain magnification 400x

elicit granulomatous inflammation (Fig. 10), or
granuloma formation and reduced function.
People living with HIV often fail to develop cell-
mediated immunity and may die of disseminated
TB. Unlike immunocompetent people, they
rarely develop pulmonary cavities and are less
able to transmit infection (Hunter et al. 2007).
HIV infection causes the apoptosis and depletion
of T cells, leading to granuloma disorganization
(Ansari et al. 2013). In this situation, granulomas
are large and disorganized, and contain a large
number of bacilli, plasma cells, and few lympho-
cytes, with areas of necrosis (Sasindran and
Torrelles 2011). As the granulomas enlarge, areas
of caseous necrosis expand, causing the rupture
of granulomas and the dissemination of
MTB. The spread of MTB results in additional

formation of new local and nonlocal
granulomas.
3.3 Identification of Mycobacteria

in Tissue Sections

Special stains for acid-fast bacilli (AFB), immu-
nohistochemistry (Mustafa et al. 2006; Purohit
etal. 2017), and molecular tests on FFPET can be
helpful to establish the etiological diagnosis of
TB (Park et al. 2003; Lee et al. 2011; Budvytiene
and Banaei 2020; Romdhane et al. 2020a, b).

Fig. 11 Ziehl-Neelsen stain on tissue section shows mul-
tiple acid-fast bacilli (arrows). Magnification 400x

Histological examination and ancillary tech-
niques are mandatory in establishing an early
diagnosis of TB, particularly in extrapulmonary
forms, but they do not differentiate among the
mycobacteria species (Tomashefski et al. 2008).

3.3.1 Special Stains

Special stains on FFPET for AFB detection are
widely used to identify the MTB complex
(Johansen et al. 2004; Nassaji et al. 2014). AFB
are identified in tissues containing necrotizing
granulomas, especially in areas with suppura-
tion and cavitation. AFB are less frequently seen
in nonnecrotizing granulomas and poorly
formed granulomas (Gupta et al. 2016), and
very rarely seen in nongranulomatous lesions
(Tomashefski et al. 2008). Three acid-fast stains
can be used for the detection of AFB, namely
Ziehl-Neelsen (ZN), Kinyoun (cold method),
and Auramine-rhodamine.

ZN on FFPET is the most commonly used
stain (Fig. 11). It uses carbol fuchsin to stain the
lipid wall of the MTB complex. The interpreta-
tion of ZN on FFPET requires careful examina-
tion because most of lipids from the wall of
MTB complex are removed during tissue pro-
cessing, leading to difficulty in identifying AFB
(Fukunaga et al. 2002). The use of oil immer-
sion is mandatory for better visualization and
confirmation of MTB. The positivity rate of ZN
on FFPET in pulmonary TB can exceed the
50%, but this rate is lower than in sputum smear.
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In extrapulmonary TB, which is classically
paucibacillary, the sensitivity of ZN on FFPET
is much lower, varying from 0% to 44% (Karimi
et al. 2014). Therefore, a negative AFB on tissue
specimens does not exclude TB infection (Jain
et al. 2017). Kinyoun stain is quicker to perform
than ZN and does not require heating. In ZN
stain, phenol is heated which is toxic to the eyes
and respiratory tract.

Auramine-rhodamine staining is applicable
on FFPET (Vilchéze and Kremer 2017). It allows
rapid screening and it is more sensitive than ZN
for mycobacteria detection. But it does not easily
localize bacilli within specific lesions (Wockel
1995). Furthermore, Auramine—-rhodamine detec-
tion may not be specific, due to the incorporation
of fluorochrome dyes by inorganic objects. The
cost of fluorescent microscopy is a major limita-
tion, especially in middle- and low-income coun-
tries (Tomashefski et al. 2008). Besides, because
their low sensitivity on FFPET is due to the influ-
ence of formalin fixation and solvents, AFB
stains cannot differentiate viable from dead
bacilli, and MTB complex from nontuberculous
mycobacteria (Tomashefski et al. 2008). False-
positive staining can occur in histology laborato-
ries due to the contamination of slides by
nontuberculous mycobacteria such as M. avium
or M. gordonae. Contamination is suggested if
aggregates of AFB are found in nonnecrotic tis-
sues, out of the tissue plane, or outside the tissue
on the slide (Tomashefski et al. 2008).

3.3.2 Immunohistochemistry

and In Situ Hybridization

The detection of MTB antigens on FFPET using
monoclonal and polyclonal antibodies (PPD,
CFP10, ESAT-6, and MPT64) can be used as an
alternative to conventional AFB staining (Sumi
and Radhakrishnan 2009). An external control is
recommended for the adequate processing of
immunohistochemistry. The sensitivity of immu-
nohistochemistry on FFPET depends on various
factors, including the distribution of mycobacte-
rial antigen, stage of the disease, and specificity
of the primary antibody (Kohli et al. 2014). The
immunohistochemistry on FFPET targeting anti-

MPT64 is very sensitive and specific, and can be
used to differentiate MTB complex from
nontuberculous mycobacteria (Mustafa et al.
2006; Purohit et al. 2007).

Immunocytochemistry has been also reported
for the detection of AFB in aspirated material
from lymph nodes and pleural liquid (Tadele
et al. 2014; Mustafa et al. 2020), with better sen-
sitivity and specificity than ZN (Hoel et al. 2020).
Validated immunohistochemistry and immuno-
cytochemistry offer the advantage of being
robust, not sensitive to contamination, and does
not require special equipment. In situ hybridiza-
tion on FFPET has been reported as a useful tech-
nique for the identification and differentiation of
MTB complex from nontuberculous mycobacte-
ria, with a sensitivity and specificity of 100% and
95%, respectively (Zerbi et al. 2001). However,
this technique requires a fluorescence micro-
scope and its cost is a major limitation, especially
in countries with limited resources.

3.3.3 Molecular Techniques

Nucleic acid amplification methods offer better
sensitivity and specificity for the detection of
MTB than conventional techniques (Morel et al.
2020). Unlike culture, molecular tests for the
diagnosis of TB do not differentiate viable from
dead bacilli (Opota et al. 2019). Molecular tests
for TB are routinely performed on fresh tissues.
Molecular techniques on FFPET can be an alter-
native modality for the diagnosis of TB in cases
where microbiological investigations have not
been performed, mainly because clinical features
are in favor of a nontuberculous pathology.
Confirmation of TB by molecular tests on FFPET
helps these patients avoid another biopsy, which
will be impossible in some cases because the
lesion has been removed or because of the high
risk of anesthesia (Romdhane et al. 2020a, b;
Romdhane et al. 2021).

Several molecular tests can be used for the
detection of MTB complex on FFPET, including:
GeneXpert MTB/RIF (resistance to rifampicin)
test, loop-mediated isothermal amplification
assays, strand displacement amplification, line
probe assay, and digital polymerase chain reac-
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tion (PCR) (Johansen et al. 2004; Cao et al. 2020;
Romdhane et al. 2020a, b; Romdhane et al.
2021). In paucibacillary TB, nested PCR offers
better sensitivity than conventional PCR (Seo
et al. 2014; Romdhane et al. 2021). The sensitiv-
ity of real-time PCR tests on FFPET varies from
25% to 85.7% (Seo et al. 2014; Polepole et al.
2017; Rindi et al. 2017; Moure et al. 2019;
Budvytiene and Banaei 2020), depending on the
site of the disease. The sensitivity of these tests
on fresh tissues is higher, ranging from 68.6% to
91.9% (Gous et al. 2012; Marouane et al. 2016;
Raveendran and Wattal 2016; Mechal et al. 2019;
Arora and Dhanashree 2020).

The decrease in sensitivity of molecular tests
on FFPET is due to the action of the formalin
which induces DNA-tissue protein cross-links,
which can inhibit nucleic acid amplification. In
addition, nucleic acid fragmentation occurs in
FFPET, due to the nature of the specimen and the
pH of formalin (Dietrich et al. 2013). For this rea-
son, the selected primer set must be not only spe-
cific but also small (<300 pb). Multicopy or
repetitive sequences are preferable (Schewe et al.
2005). Some techniques of species typing of
MTB have been applied to FFPET (Schaumburg
et al. 2017; Carrisoza-Urbina et al. 2019).
However, these techniques must be validated
before being used for diagnosis.

4 Pathological Features
of Tuberculosis in Various
Organs

4.1 Pulmonary Tuberculosis

4.1.1 Gross Pathology

Primary pulmonary TB forms a well-limited
parenchymal subpleural nodule that is located
mostly in the middle and lower pulmonary lobes.
It contains caseum in the center and is called a
Ghon focus (Dietrich et al. 2013). Rarely, Ghon
foci are bilateral or multiple (Leong et al. 2016).
Grossly, the Ghon focus is a gray-white, firm
solitary nodule measuring 10—15 mm in dimen-

Fig. 12 Subpleural encapsulated pulmonary nodule rep-
resenting primary tuberculosis. Photomicrograph shows a
Ghon focus (circle). Magnification 2x

sion (Fig. 12). Together with the affected medias-
tinal lymph node, it forms the Ghon complex.
Rarely, a Ghon focus forms a large solitary
encapsulated nodule called a tuberculoma that
may mimic a neoplasm. On tissue sections, a
tuberculoma shows concentric laminations, case-
ous foci, and cavitation (Leong et al. 2016).

Healed primary TB is often tiny and easily
missed on gross examination. In progressive pri-
mary TB, cavitation is characterized by a thin
wall that is lined by fibrotic tissue and necrosis.
In post-primary TB, lesions are restricted to the
upper lung, and characterized by extensive
fibrotic and necrotic areas. Cavitations are fre-
quently observed in the lung (Fig. 13) and may be
extensive, producing a massive number of MTB
(Hunter 2011). In severe situations, the entire
lung or a whole lobe may be replaced and
destroyed by fibrocaseous pneumonia with cavi-
tation (Tomashefski et al. 2008; Leong et al.
2016).

Rarely, a branch of a pulmonary artery may
abut the wall of a cavity. The adventitia and
media of the pulmonary arterial wall may be
replaced by granulation tissue and then by a
fibrin-forming Rasmussen aneurysm, whose rup-
ture into the cavity can cause massive hemoptysis
(Tomashefski et al. 2008). Healed progressive
post-primary TB is marked by extensive scarring,
thick caseous foci, calcifications, bronchiectasis,
and emphysema (Tomashefski et al. 2008). When
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Fig. 13 Photograph of the cut surface of a pulmonary
wedge resection specimen shows a subpleural nodule with
a cavitary lesion (arrow)

the immune system fails to contain TB infection,
progressive primary TB and post-primary TB
may progress to miliary TB. Grossly, miliary TB
is characterized by numerous whitish nodules
measuring 1-3 mm in diameter, resembling mil-
let seeds (Sharma and Mohan 2017).

4.1.2 Microscopic Pathology
Microscopically, primary pulmonary TB lesions
are not distinctive from those of post-primary
TB. The granulomas produced by primary and
secondary TB have similar morphological fea-
tures and similar functions. In primary TB, case-
ous necrosis develops within the granulomas;
while in post-primary pulmonary TB, the granu-
lomas develop around pre-existing foci of case-
ous pneumonia (Hunter et al. 2014). Primary
pulmonary TB is characterized by aggregates of
epithelioid cells, leading to formation of the
Ghon focus in the apices of the lung (Stephenson
and Byard 2020). The Ghon focus is encapsu-
lated by fibrosis, centered by caseous necrosis,
and accompanied by a variable number of multi-
nucleated giant cells and lymphocytes (Fig. 14).
In the early stage, post-primary pulmonary TB
begins as an endogenous lipid pneumonia associ-
ated with bronchial obstruction, characteristic of
delayed-type hypersensitivity in which infection
is restricted to foamy alveolar macrophages
(Hunter et al. 2007). Lipid pneumonia is in part

Fig. 14 Photomicrograph shows a fibrotic caseous lesion
representing primary tuberculosis. Hematoxylin and eosin
stain magnification 100x

due to intracellular and extracellular accumula-
tion of secreted mycobacterial antigens that can
resolve spontaneously in approximately 95% of
cases (Hunter 2016). In the other 5%, lesions
undergo necrosis to produce a caseous pneumo-
nia that may be expelled to leave a cavity, or
remain as a mass that induces granulomas and
fibrocaseous disease (Hunter et al. 2014). The
wall of the cavity consists of a thin layer of case-
ous necrotic tissue surrounded by fibrosis with
degenerated neutrophils, epithelioid and giant
cells, and abundant bacilli (Hunter 2011).
Cavitation facilitates dissemination of MTB from
the granuloma via the airways to the external
environment by breakdown of the fibrous capsule
(Subbian et al. 2015).

In pulmonary TB, a mixture of concomitant
lesions is usually observed, namely necrotizing
and nonnecrotizing granulomas (Fig. 15), fibrotic
necrotizing granulomas, and liquefactive and
suppurative granulomas (Fig. 16) (Gupta et al.
2016). Suppurative granulomas contain a large
number of MTB because the liquefactive milieu
constitutes an excellent medium for MTB growth
and replication (Leong et al. 2016). Tuberculous
cavities may be colonized by Aspergillus fungus,
forming an aspergilloma in the pulmonary paren-
chyma (Fig. 17). Perifocal inflammation is seen
in primary and post-primary TB. It surrounds
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Fig. 15 Pulmonary tuberculosis. (a and b) Photomicrographs show necrotizing granulomas (NG) and nonnecrotizing
granulomas (NNG) with significant perifocal inflammation. Hematoxylin and eosin stain magnification 100x

W

Fig. 16 Pulmonary tuberculosis. Photomicrograph
shows a large area of basophilic liquefied necrosis.
Hematoxylin and eosin stain magnification 100x

active foci of TB and is microscopically charac-
terized by non-specific inflammation with lipid-
rich alveolar edema and inflammatory infiltrate
containing plasma cells, few neutrophils and
many lymphocytes. Perifocal inflammation typi-
cally shows vascular lesions including thrombi,
lymphocytic vasculitis, and more rarely granulo-
matous vasculitis (Pagnoux et al. 2006, Hunter
et al. 2014; Hunter 2020) (Fig. 9).

Pulmonary cytological samples correspond
mainly to sputum, bronchioalveolar lavage, and
FNAC. The most important diagnostic applica-

tion of bronchioalveolar lavage is for detecting
opportunistic infections such as TB in immuno-
compromised patients. FNAC is mainly per-
formed in pseudotumoral forms of TB, in patients
who fail to respond to anti-TB therapy and in
immunocompromised patients. A confident diag-
nosis of a granulomatous process is possible on
cytology material. The triad comprising epitheli-
oid histiocytes in cohesive clusters, nonpig-
mented giant cells, and amorphous or granular
necrotic background is suggestive for the diagno-
sis of TB. Lymphocytes may be plentiful in
TB. Unlike the multinucleated histiocytes seen in
non-specific pulmonary inflammation, multinu-
cleated cells seen in TB are free of intracytoplas-
mic pigment or birefringent material.

4.1.3 Differential Diagnosis

The diagnosis of post-primary TB is a challenge
for the pathologist. Pulmonary TB can be misdi-
agnosed as many infectious and non-infectious
diseases (Gupta et al. 2016). Granulomatous
vascular lesions seen in TB can lead to misdiag-
nosis of primary vasculitis, particularly Wegener
granulomatosis. Pulmonary TB, especially
noncaseating forms, can be misdiagnosed as sar-
coidosis. Fungal infections (e.g., histoplasmo-
sis, coccidioidomycosis), nocardiosis and
nontuberculous infection may display caseous
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Fig. 17 Pulmonary aspergilloma. Photomicrograph shows a thick layer of Aspergillus hyphae (arrow) occupying the
lumen of a tuberculous cavity. Hematoxylin and eosin stain magnification: (a) 100x and (b) 400x

necrosis, similar to TB (Mukhopadhyay and Gal
2010).

4.2  Pleural Tuberculosis

4.2.1 Gross Pathology

Grossly, tuberculous pleural effusion is typically
straw-colored. Pleural TB is grossly character-
ized by the presence of multiple discrete granulo-
matous foci, 1-3 mm in size, that may extend to
the serosal surface. Subserosal granulomas may
heal and leave minimal residual scarring
(Tomashefski et al. 2008). Tuberculous involve-
ment of the pleura may present grossly as pleural
thickening (Vorster et al. 2015), encystment, and
extensive parietal pleural plaques (Clarke et al.
20006).

4.2.2 Microscopic Pathology

Pleural TB manifests histologically as multiple
granulomas accompanied by variable degrees of
chronic inflammation. Granulomas often show
caseous necrosis, but necrosis may also be
absent (Fig. 18). Other non-specific forms of
pleural TB may be seen, including acute fibrin-
ous pleuritis and fibrosis (Allen and Suster
2018). In severe forms, the serosal surface may

Fig. 18 Pleural tuberculosis. Photomicrograph shows an
epithelioid granuloma with fibrotic change in the pleural
tissue. Hematoxylin and eosin stain magnification 200x

be destroyed. Fibrothorax may be seen as an
accumulation of fibrous tissue in the pleural
cavity. Massive calcification may occur
(Tomashefski et al. 2008). Typically, tubercu-
lous pleural effusion has a predominant lympho-
cytic composition with few mesothelial cells
(Bibbo and Wilbur 2014). Lymphocytes are
occasionally atypical, leading to a misdiagnosis
of lymphomatous pleural effusion. In the early
stages of infection, some neutrophils and meso-
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thelial cells may be seen. The presence of numer-
ous mesothelial cells in the pleural effusion
eliminates TB infection. Langhans giant cells
and epithelioid cells are rarely seen in tubercu-
lous pleural effusion (Tomashefski et al. 2008).

4.2.3 Differential Diagnosis

The diagnosis of pleural TB may be challenging
with many other granulomatous diseases being
usually accompanied by underlying pulmonary
granulomatous diseases, e.g., sarcoidosis, hyper-
sensitivity  pneumonitis, fungal infections,
nontuberculous mycobacteria infection, Wegener
granulomatosis, and rheumatoid disease (Philip
et al. 2018).

4.3 Lymph Node Tuberculosis

4.3.1 Gross Pathology

The most common presentation of tuberculous
lymphadenitis is an enlarged unilateral cervical
lymph node. Other lymphatic regions (axillary,
inguinal, supraclavicular, mesenteric, retroperi-
toneal) are less frequently affected. Multiple and
bilateral lymph nodes may be matted to form a
large conglomerate mass. Grossly, tuberculous
lymph nodes have multiple foci of cheesy
necrotic material that are highly suggestive of TB
(Eshete et al. 2011) (Fig. 19). In some cases, the

Fig. 19 Specimen
photograph of the cut
section of a tuberculous
lymph node shows
multiple, white cheesy,
caseous necrotic foci
(arrows)
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necrosis is yellow and liquid, with a suppurative
appearance. Caseation may not be seen grossly.
Calcification is rare, being mostly observed in
treated cases. Lymph nodes may be totally
replaced by caseum, and inflammation may
extend to adjacent extranodal tissues. Fistula for-
mation may occur, with discharge of caseous
material forming a scrofula. In patients with
gross features suggestive of TB, unfixed tissues
must be sent for microbiological examination for
ZN stain and culture.

4.3.2 Microscopic Pathology

In the early phase of tuberculous lymphadenitis,
the lymph node shows non-specific lymphadeni-
tis. Inflammatory cells gradually infiltrate the
lymph node parenchyma and peri-adenitis
appears over time. Initially, abscesses are formed
in the lymph node. Gradually, abscesses change
to caseous necrosis (Hegde et al. 2014).
Tuberculous lymphadenitis frequently exhibits
necrotizing granulomas (Fig. 20). The necrosis is
often confluent and can be abundant, leading to
lymph node destruction (Fig. 21). At the begin-
ning, necrosis is rich in nuclear debris. Caseous
necrosis may include cholesterol crystals and
become rich in neutrophils, preceding fistula for-
mation. Gradually, fibrosis develops and replaces
epithelioid cells (Fig. 22). Nonnecrotizing gran-
ulomatous forms of tuberculous lymphadenitis
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Fig. 20 Lymph node tuberculosis. Photomicrographs
show (a) areas of eosinophilic, acellular, and granular
caseous necrosis (N) with epithelioid granulomas (EG)
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Fig. 21 Lymph node tuberculosis. Photomicrograph
shows massive destruction of lymph node parenchyma by
caseous necrosis (N). Hematoxylin and eosin stain magni-
fication 100x

are rare and closely mimic sarcoidosis. Based
on histology, distinguishing between the two
diseases is difficult, if not impossible.
Furthermore, AFB are rarely isolated in nonnec-
rotizing granulomas. Nongranulomatous lymph
node parenchyma may show follicular hyper-
plasia  with interfollicular  plasmacytosis
(Fig. 23).

and (b) noncaseating epithelioid granulomas with giant
cells. Hematoxylin and eosin stain magnification 200x

Fig. 22 Lymph node tuberculosis. Photomicrograph
shows caseous necrosis (N) surrounded by a fibrous cap-
sule (F). Hematoxylin and eosin stain magnification 200x

4.3.3 Fine-Needle Aspiration
Cytology

FNAC is preferred to open biopsy for the diagno-
sis of lymph node TB (Hemalatha et al. 2014). It
is the first-line method for the diagnosis of TB in
this location, especially in endemic areas. FNAC
is a reliable tool but it is operator-dependent;
requiring an experienced cytopathologist, suffi-
cient material, good sampling method, and good
coordination between the cytopathologist and the
clinician (Rammeh et al. 2019a, b). The aspirated
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Fig. 23 Lymph node tuberculosis. Photomicrographs show follicular lymphoid hyperplasia with caseous necrosis (N)
(a) in the residual lymph node parenchyma. Hematoxylin and eosin stain magnification: (a) 100x and (b) 400x

W e SAG e
) R eyt L8 b
s"“s_(f - 'X TR

b, o Foui -ty
9 4 s

R i

Fig. 24 Fine-needle aspiration cytology of a tuberculous
lymph node. Papanicolaou stains show (a) epithelioid
granuloma (circle) in a granular necrotic background, and

material is also used for microbiology and for
molecular testing (Akhtar and Al Mana 2004).
Grossly, aspirated material is typically sparse,
and cheesy-white with a caseous appearance. Not
infrequently, aspirated material from a tubercu-
lous lymph node is purulent with a creamy yel-
low appearance, mimicking suppurative
lymphadenitis.

Microscopically, FNAC shows epithelioid
groups of cells, forming epithelioid granulomas
in an eosinophilic homogeneous granular back-
ground with giant cells (Fig. 24). These associ-
ated features are highly suggestive of tuberculous

(b) epithelioid granulomas (circles) with lymphoid back-
ground. Papanicolaou stain magnification: (a) 100x and
(b) 400x

etiology, especially in endemic countries
(Rammeh et al. 2018). Granulomas with necrosis
are found in 69-83% of FNAC of tuberculous
lymphadenitis (Majeed and Bukhari 2011;
Rammeh et al. 2018). The sensitivity and the
specificity of FNAC in the diagnosis of tubercu-
lous lymphadenitis range from 88% to 98% and
48.8% to 100%, respectively (Handa et al. 2012;
Rammeh et al. 2018).

4.3.4 Differential Diagnosis
Tuberculous lymphadenitis must be distin-
guished from tularemia lymphadenitis, cat
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scratch lymphadenitis, Yersinia lymphadenitis,
lymphogranuloma venereum, atypical mycobac-
terial infection, Bacillus Calmette—Guérin
(BCG) lymphadenitis, toxoplasma lymphadeni-
tis, brucellosis and fungal infections (e.g.
Cryptococcus, Histoplasma, Coccidioidomycosis,
Pneumocystis) (Zumla and James 1996; Asano
2012; Deveci et al. 2016). BCG lymphadenitis is
usually smaller than tuberculous lymphadenitis.
It is observed in immunocompromised patients,
and characterized histologically by suppurative
necrosis surrounded by a rim of histiocytes, and
contains numerous bacilli. Necrotizing granulo-
mas and giant cells are rarely observed. Other
non-infectious diseases that may mimic tubercu-
lous lymphadenitis include: sarcoidosis,
Hodgkin lymphoma, and autoimmune disorders
such as systemic lupus erythematosus, auto-
inflammatory diseases, and Kikuchi disease
(Asano 2012).

4.4  Abdominal Tuberculosis
The main forms of abdominal TB are gastrointes-
tinal and peritoneal TB.

4.4.1 Gross Pathology

Infection of the small intestine by TB is referred
to as tuberculous enteritis. The ileocecal region is
the most commonly-affected site in gastrointesti-
nal TB (Malikowski et al. 2018). Grossly, tuber-
culous enteritis appears in three forms, namely
ulcerative, hypertrophic, and ulcero-hypertro-
phic. The ulcerative form occurs mostly in the
ileum and jejunum. Grossly, it is characterized by
one or more transverse ulcers, thickening and
stricturing of the bowel wall, stenosis formation,
and perforation (Dasgupta et al. 2009). Tubercles
may be present in the serosal surfaces. Enlarged
mesenteric lymph nodes are frequently present in
the ulcerative form. When ulcers heal, reactive
fibrosis may cause a “napkin ring” stricture of the
bowel lumen (Strayer 2015). The hypertrophic
and ulcero-hypertrophic forms commonly affect
the ileocecal region, mimicking Crohn disease,
and can present as a mass that may cause intesti-
nal obstruction (Malikowski et al. 2018). Colonic
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Fig.25 Photograph of the cut surface of colonic tubercu-
losis specimen shows necrosis and fibrosis of the colonic
wall and omentum

and rectal TB present as localized mucosal ulcer-
ations in the acute phase, with massive necrosis
and fibrosis in the chronic phase (Akhtar and Al
Mana 2004) (Fig. 25).

Peritoneal TB has three forms, namely wet
type with ascites, dry type with adhesions, and
fibrotic type with omental thickening and locu-
lated ascites. Grossly, ascitic effusion is typically
straw-colored. Peritoneal TB presents as multiple
whitish small nodules of few millimeters size that
look like “seedlings” on the parietal and visceral
surfaces of the peritoneum. Sometimes, nodules
are large, mimicking carcinosis. Inflammation
and exudation lead to straw-colored ascites.
Thickening of the omentum, intestinal walls, and
formation of caseous masses lead to plastic peri-
tonitis (Weledji and Pokam 2017).

4.4.2 Microscopic Pathology

In intestinal TB, the mucosa is ulcerated. The
submucosal and serosal layers show large and
confluent granulomas (Fig. 26), with central
caseous necrosis surrounded by fibrosis.
Granulomas display marked variations in size
and contain a mixture of lymphocytes, plasma
cells, and giant cells at the periphery (Dasgupta
et al. 2009). Mesenteric vasculitis may be seen in
intestinal TB (Fig. 27). Lesions occur in large,
medium, and small mesenteric vessels, leading to
intestinal ischemia, which contributes to the
development of ulcers, perforation, fibrosis, and
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Fig. 26 Photomicrograph shows an epithelioid granu-
loma (circle) with giant cells in intestinal submucosa.
Hematoxylin and eosin stain magnification 400x

Fig. 27 Granulomatous vasculitis secondary to colonic
tuberculosis. Photomicrograph shows an epithelioid gran-
uloma infiltrating the wall of a mesenteric vessel.
Hematoxylin and eosin stain magnification 400x

strictures (Sharma and Bhatia 2004). Peritoneal
TB presents as numerous, large, and confluent
epithelioid granulomas, with a peripheral zone of
lymphocytes and Langhans giant cells sur-
rounded by fibrosis (Fig. 28). In the center of
granulomas, caseous necrosis may be seen
(Fig. 29). Peritoneal TB can be diagnosed based
on aspirated ascitic fluid. Cytological examina-
tion of the ascitic fluid shows an exudate rich in
inflammatory cells, predominantly lymphocytes,
monocytes, and a few polymorphonuclear cells
(Bolognesi and Bolognesi 2013). Epithelioid
cells and giant cells are rarely observed.

Fig. 28 Peritoneal tuberculosis. Photomicrograph shows
epithelioid granulomas with giant cells infiltrating the
omentum. Hematoxylin and eosin stain magnification 400x

xmw s
4 Ut r‘\

Fig. 29 Peritoneal tuberculosis. Photomicrograph shows
epithelioid granulomas with caseous necrosis (N) in peri-
toneal subserosa. Hematoxylin and eosin stain magnifica-
tion 400x

4.4.3 Differential Diagnosis

The differential diagnosis of intestinal TB
includes infectious enteritides such as actinomy-
cosis, histoplasmosis, amebiasis, yersiniosis, and
typhlitis (Park 2015), and non-infectious dis-
eases, mainly Crohn disease. Distinguishing
intestinal TB from Crohn disease may be prob-
lematic in small biopsy samples. In intestinal TB,
granulomas are large, confluent, and well-
defined, with caseous necrosis, while the granu-
lomas of Crohn disease are small, ill-defined, and
sparse. Microbiological and molecular studies
are mandatory for the differential diagnosis
(Kedia et al. 2019). Peritoneal TB must be dif-
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ferentiated from other bacterial peritonitis and
talc peritonitis (Weledji and Pokam 2017). Non-
infectious diseases, including peritoneal carcino-
matosis and malignant mesothelioma, are easily
excluded microscopically.

4.5 Central Nervous System

Tuberculosis

In the central nervous system, lesions begin with
the development of small tuberculous granulo-
mas (called Rich foci) in the brain, spinal cord, or
meninges (Malhotra and Kulshreshtha 2017).
These foci occur either during the primary tuber-
culous infection or shortly afterwards, and may
remain quiescent for years after the primary
infection. The rupture or growth of one or more
tuberculous foci induces the development of vari-
ous types of central nervous system TB (Garg
1999). The specific causes of rupture or growth
of Rich foci remain known, but immunological
mechanisms may play an important role (Garg
1999). The forms of central nervous system TB
include tuberculous meningitis, tuberculous
encephalitis, intracranial tuberculoma, tubercu-
lous brain abscess, radiculomyelitis, epiduritis,
and intramedullary tuberculoma (Rock et al.
2008; Malhotra and Kulshreshtha 2017).
Biopsies from parenchymal brain lesions are
rarely performed. The diagnosis of central ner-
vous system TB is usually based on radiological
investigation in association with evidence of TB
at other sites (Muzumdar et al. 2018). Indirect
diagnosis of TB in the central nervous system can
be made by aspirated material from paraspinal
abscess, enlarged peripheral lymph node or a
mass in the lung (Malhotra and Kulshreshtha
2017). The diagnosis of tuberculous meningitis
can be confirmed by a combination of tests
(cytology, microbiology, and molecular tests)
performed on cerebrospinal fluid (Malhotra and
Kulshreshtha 2017; de Almeida et al. 2019).

4.5.1 Gross Pathology

Tuberculous meningitis is the most common
form of central nervous system TB. In the major-
ity of cases, it is due to Rich foci rupture into the

subarachnoid space or into the ventricular sys-
tem. Gross appearances of tuberculous meningi-
tis are white tubercles, 3-5 mm in diameter,
scattered over the leptomeninges (Malhotra and
Kulshreshtha 2017), with cerebral edema and
increased brain weight. There is gelatinous or
fibrinous exudate around the sylvian fissures,
basal cisterns, brainstem, and cerebellum, which
may extend into the spinal canal (Davis et al.
2019). The basal exudates of TB are usually more
severe in the vicinity of the circle of Willis (Garg
1999).

Central nervous system tuberculomas appear
deep in the brain parenchyma. They are unique or
multiple well-limited masses, surrounded by nor-
mal brain tissue which is compressed around the
lesion with perilesional edema. Tuberculoma size
varies from 2 to 80 mm (Garg 1999) and can
reach 12 cm (Malhotra and Kulshreshtha 2017).
The inside of these masses may contain cheesy
necrotic areas composed of caseous material.
En plaque tuberculoma is a rare form of central
nervous system tuberculoma which affects the
meningeal covering, mimicking meningioma on
imaging. It is reported more frequently in the
fronto-parietal region (Aggarwal et al. 2016).

Tuberculous brain abscess is a rare form of
central nervous system TB. It is usually solitary,
larger, and progresses much more rapidly than
tuberculomas. Tuberculous brain abscess is fre-
quently multiloculated, with marked surrounding
edema, and has a liquid suppurative center (Garg
1999; Chakraborti et al. 2009). Radiculomyelitis
is a common manifestation of spinal TB and a
complication of tuberculous meningitis charac-
terized by thick gelatinous exudates that occupy
the subarachnoid spaces and leptomeninges
(Malhotra and Kulshreshtha 2017).

4.5.2 Microscopic Pathology

The initial histological features of tuberculous
meningitis are sero-fibrinous exudate with exten-
sive caseous necrosis in the leptomeninges
(Gupta et al. 2011). After a few days of infection,
the infiltrate contains lymphocytes, plasma cells,
epithelioid histiocytes, and giant cells. Epithelioid
granulomas are usually few and ill-defined in
tuberculous meningitis (Malhotra  and
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Kulshreshtha 2017). Cytological examination of
the cerebrospinal fluid in tuberculous meningitis
shows a predominance of lymphocytic pleocyto-
sis. Neutrophil predominance may be seen in
early infection (Malhotra and Kulshreshtha
2017). Aggregates of epithelioid cells and giant
cells are rarely seen in the cerebrospinal fluid
(Jeren and Beus 1982). In immunocompromised
patients, the cellular response may be weak and
the cerebrospinal fluid may be paucicellular
(Bhigjee et al. 2007). The brain parenchyma is
edematous with glial reaction.

In severe forms, glial reaction and edema are
very important. Ischemic, toxic, and immunoal-
lergic mechanisms are advocated for these lesions
(Dastur and Lalitha 1973). Vascular lesions are
frequently observed, including phlebitis, mural
necrosis, and transmural lymphocytic inflamma-
tion (Gupta et al. 2011). These vascular lesions
can cause thrombosis. Brain infarctions occur
during the acute phase of the disease and also
during treatment. The most commonly-affected
vessels are those at the base of the brain, includ-
ing the internal carotid artery, proximal middle
cerebral artery, and perforating vessels of the
basal ganglia. Hemorrhagic transformation of
infarcted tissue is not unusual (Garg 1999).

Tuberculoma is microscopically characterized
by clusters of granulomas which join to form
nonnecrotizing granulomas. The evolution of
these lesions leads to the production of caseous
necrosis within the center of granulomas, which
is surrounded by epithelioid cells, lymphocytes,
and Langhans giant cells (Figs. 30 and 31).
Liquefaction of the center core is seen in active
cases. Calcification of the necrosis is observed in
inactive forms. AFB are rare in tuberculomas
found in areas of caseous necrosis (Malhotra and
Kulshreshtha 2017). The perilesional brain
parenchyma shows edema with some prolifera-
tion of astrocytes and glial cells.

Tuberculous brain abscess is a localized col-
lection of pus mixed with bacilli in an abscess
cavity (Menon et al. 2011). Histological features
of tuberculous brain abscess resemble those of
pyogenic abscess and do not show typical necro-
tizing epithelioid granulomas (Prakash et al.
1989). Palisades of histiocytes around the suppu-

Fig. 30 Cerebral tuberculosis: Photomicrograph shows
epithelioid granulomas (circle) surrounded by reactive
brain tissue (arrows). Hematoxylin and eosin stain magni-
fication 200x. (Courtesy of Dr. Slim Haouet)

Fig. 31 Pituitary tuberculosis. Photomicrograph shows
epithelioid granulomas with caseous necrosis (N) in the
pituitary parenchyma. Hematoxylin and eosin stain mag-
nification 200x. (Courtesy of Dr. Slim Haouet)

rated center may be observed. The absence of a
peripheral granulomatous reaction is possibly
explained by the failure of the host’s immune
mechanisms. Unlike tuberculoma, tuberculous
brain abscess is classically rich in bacilli. In
radiculomyelitis, the spinal cord and nerve roots
are partially affected. Within the inflammatory
exudates, there is a granulomatous reaction of
leptomeninges. Meningitis can be associated
with ischemic lesions in the spinal cord. These
lesions are observed mostly in the lumbosacral
region but damage in dorsal and cervical regions
has been reported (Bazin 2004).
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4.5.3 Differential Diagnosis

In the acute inflammatory stage, tuberculous
meningitis can be misdiagnosed as pyogenic
meningitis, particularly in people living with
HIV (Malhotra and Kulshreshtha 2017). In the
chronic  inflammatory  stage, necrotizing
granulomas are highly suggestive of TB. However,
a variety of lesions may mimic tuberculoma,
such as fungal infection (cryptococcosis, asper-
gillosis, histoplasmosis, coccidioidomycosis,
blastomycosis), and sarcoidosis. Special stains
(ZN, periodic acid—Schiff, Gomori methenamine
silver) and molecular diagnoses are recom-
mended to aid the differential diagnosis (Malhotra
and Kulshreshtha 2017).

4.6 Urogenital Tuberculosis

4.6.1 Gross Pathology

Urogenital TB involves infection of the urinary
and/or genital tracts. Grossly, renal TB is seen as
enlargement or reduction of the kidney size, with
irregular scarring on the surface and multiple cav-
ities containing friable necrotic material (Akhtar
and Al Mana 2004) (Fig. 32a). At the end-stage of
renal TB, extensive necrosis may destroy the renal
parenchyma (Muneer et al. 2019), calcify and
become surrounded by fibrous tissue leading to
the so-called cement, putty, or chalk kidney. The

kidney 1is frequently involved in miliary
TB. Lesions display tiny pale or white tubercles
measuring up to 3 mm (Eastwood et al. 2001)
(Fig. 32b). In TB infection, the ureter develops
multiple strictures. The shrinking and fibrous con-
traction of the ureter leads to the formation of a
“golf hole” orifice in the bladder (Das et al. 2008).
Bladder TB usually occurs secondary to renal
TB. In the advanced stage, the bladder becomes
small, irregular, contracted, and calcified.

In male genital tract TB, the testis and epidid-
ymis are enlarged and fibrotic, with caseous
necrosis and discharging sinuses (Akhtar and Al
Mana 2004). In the prostate, early lesions are
rarely detected on palpation. When the disease is
advanced, lesions are usually bilateral, and the
prostate is enlarged with signs of inflammation
and caseous necrosis (Das et al. 2008). Enlarged
masses occur in the prostate, containing multi-
ples cavities that can perforate into the urethra
and extend to the urinary bladder. In the late
stage, the prostate becomes shrunken and fibrotic,
mimicking carcinoma (Goldblum et al. 2017).

The fallopian tubes are the most common site
involved in female genital tract TB. The fallopian
tubes are enlarged, displaying gray to yellow
nodules on the surface. Tubal stricture and
obstruction, tubo-ovarian masses, and hydrosal-
pinx may occur in fallopian tube TB (Sharma
et al. 2018). Tuberculous manifestations in the

Fig.32 (a) Photograph of the cut surface of nephrectomy
specimen shows a dilated calyx lined by caseous material
(circle). (b) Miliary tuberculosis. Specimen photograph

shows multiple tiny tubercles (arrow) in the renal paren-
chyma of a patient infected by human immunodeficiency
virus
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ovaries include cyst or mass formation, and even
ovary destruction. Gross caseous necrosis is
uncommon in the ovaries. In the uterus, TB
involves mostly the endometrium which displays
ulcers, necrosis, and hemorrhage. Extensive
destruction of the endometrium may occur
(Sharma et al. 2008).

4.6.2 Microscopic Pathology

In renal TB, multiple and small epithelioid gran-
ulomas with caseous necrosis are seen, with neu-
trophils, plasma cells, and mononuclear cell
infiltration (Figs. 33 and 34). In the chronic

phases, renal TB displays extensive fibrosis and
calcifications (Das et al. 2008). In advanced dis-
ease, keratinizing squamous metaplasia may
occur in the renal pelvis and may persist even
after treatment (Jennette et al. 2014). In immuno-
compromised patients, granulomas are absent or
poorly structured with caseous necrosis
(Eastwood et al. 2001) (Fig. 35). In bladder TB
(Fig. 36), early lesions are superficial, small, and
characterized by the presence of soft caseous
material and a peripheral hyperemic zone
(Goldblum et al. 2017). When the disease

Fig. 33 Renal tuberculosis. Photomicrograph shows an
epithelioid granuloma with caseous necrosis (N) in the
renal parenchyma. Hematoxylin and eosin stain magnifi-
cation 200x

Fig. 35 Renal tuberculosis. Photomicrograph shows
caseous necrosis (N) without granulomas in the renal
parenchyma of a patient infected by human immunodefi-
ciency virus. Hematoxylin and eosin stain magnification
100x

Fig. 34 Renal tuberculosis. Photomicrograph shows an
epithelioid granuloma (circle) with lymphocytic inflam-
mation of renal parenchyma. Hematoxylin and eosin stain
magnification 200x

Fig. 36 Bladder tuberculosis. Photomicrograph shows
epithelioid granulomas (circle) in the bladder mucosa.
Hematoxylin and eosin stain magnification 200x
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progresses, multiple ulcers coalesce and may
undergo fibrosis. In renal and bladder TB, epithe-
lioid granulomas are rarely observed in urine
cytology. When present, epithelioid granulomas
are ill-defined and contain giant cells with a
necrotic background. Urothelial cell hyperplasia
and benign squamous cells may be seen (Arora
et al. 2010).
Tuberculous

endometritis  typically have

noncaseating granulomas, composed of epithelial
cells, Langhans giant cells, and lymphocytes
(Fig. 37). Gradually, the endometrial glands are

Fig. 37 Tuberculous endometritis. Photomicrograph
shows a nonnecrotizing epithelioid granuloma (circle) in
the endometrial mucosa. Hematoxylin and eosin stain
magnification 200x

destroyed. Metaplasia of the endometrial lining
and glands is often seen in tuberculous endome-
tritis (Das et al. 2008). In cases where granulo-
matous inflammation is absent, the endometrium
is infiltrated by plasma cells and lymphocytes
(Kurman et al. 2019). In the uterine cervix, cyto-
logical examination may be useful in the diagno-
sis of cervical TB. Cytological smears display
squamous cells in a background of neutrophils.
Macrophages, aggregates of epithelioid cells, and
few Langhans giant cells may be seen (Kalyani
et al. 2012).

In the prostate, lesions begin in the stroma and
then spread to the acini (Fig. 38). Necrosis is usu-
ally extensive with incomplete fibrous encapsula-
tion. The scrotum shows a variable degree of
fibrosis and epithelioid granulomas (Fig. 39),
with focal microabscesses (Das et al. 2008). The
development of abscesses leads to the formation
of a “watermelon” scrotum. In the scrotum,
lesions occur mostly in the epididymis (Fig. 40)
and can be bilateral, displaying typical granulo-
matous  inflammation  (Kulchavenya and
Khomyakov 2006).

4.6.3 Differential Diagnosis
Renal and bladder TB may be misdiagnosed as
other infectious granulomatous diseases such as

Fig. 38 Prostatic tuberculosis. Photomicrographs show
(a) epithelioid granulomas (circles) without caseous
necrosis and (b) epithelioid granulomas (circles) with

abundant caseous necrosis (N). Hematoxylin and eosin
stain magnification 200x
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Fig. 39 Scrotal tuberculosis. Photomicrograph shows
large epithelioid granulomas (circles) in the dermis of the
scrotal skin. Hematoxylin and eosin stain magnification
200x

Fig. 40 Epididymal
shows epithelioid granulomas (circles) in the epididymis
wall. Hematoxylin and eosin stain magnification 100x

tuberculosis. Photomicrograph

nontuberculous mycobacteria, other infections
(due to Brucella spp, Treponema spp,
Blastomyces spp), and non-infectious granulo-
matous disorders such as sarcoidosis and idio-
pathic vasculitides (Muneer et al. 2019). The
administration of intravesical BCG to patients
treated for bladder carcinoma induces a granulo-
matous inflammation in the bladder. Lesions
may extend to the prostate and to the lung
(Goldblum et al. 2017). Granulomatous lesions
of female and male genital tract may be misdiag-
nosed as syphilis, actinomycosis, granuloma
inguinale, lymphogranuloma venereum, Crohn
disease, schistosomiasis, brucellosis, or histo-
plasmosis (Sharma 2015).

4.7 Musculoskeletal Tuberculosis
Musculoskeletal TB refers to the involvement of
bone and/or joint by TB. Vertebral involvement is
the most common type of musculoskeletal TB
(Leonard and Blumberg 2017).

4.7.1 Gross Pathology

In tuberculous spondylodiscitis, the lesion begins
in the vertebral bodies, usually sparing the lam-
ina, spinous process, and the adjacent vertebrae.
The thoracic spine is the part of the spine mostly
affected by TB. Extensive necrosis may be seen
and destroys the spine, leading to spinal cord
compression. It may also extend into the soft tis-
sues, forming cold abscesses (Strayer 2015). In
several situations, the vertebral body and disc can
be completely replaced by tuberculous tissue,
leading to vertebral fusion. In tuberculous arthri-
tis, lesions begin in the bone or in the synovium.
When it starts as tuberculous synovitis, the
synovium become swollen, hypertrophic and
may fill the entire joint space. Multiple rice bod-
ies are commonly detected in the synovial space,
which grossly resembles polished grains of rice
(Bayram et al. 2016) (Fig. 41). Tissue granulation
extends from the synovium to the bone, produc-
ing massive destruction of articular cartilage
(Tuli 2002). The loss of articular cartilage may
lead to bony ankylosis.
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Fig. 41 Synovial tuberculosis. Specimen photograph
shows numerous rice bodies in the synovial tissue (arrow).
(Courtesy of Dr. Habib Jaafoura)
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4.7.2 Microscopic Pathology

In tuberculous spondylodiscitis, necrotizing
granulomas are seen in 59-76% of spine biopsies
(Cottle and Riordan 2008). Initially, granulomas
produce necrosis of the bone marrow (Fig. 42),
and then the lesions extend to other sites. The
center of the granuloma is filled with eosino-
philic, granular, and amorphous material, with a
mixture of debris and dead bacilli (Romdhane
et al. 2020a, b). Suppurative necrosis without
epithelioid granulomas is a rare form of tubercu-
lous spondylodiscitis that is frequently misdiag-
nosed as pyogenic infection (Rammeh et al.
2019a, b). Bone sequestra are very suggestive of
TB, but is not pathognomonic, as brucellar and
pyogenic spondylodiscitis may also have bone
sequestra. New bone formation can occur in the
early phase of chronic tuberculous infection, and
may or may not be accompanied by bone seques-
tra (Li et al. 2016).

In countries that are highly endemic for TB,
cytopathological examination is an alternative to
histology. However, it is operator-dependent,
requiring a well-trained radiologist, sufficient
material, good sampling method, and good coor-
dination between the cytopathologist and the
radiologist. FNAC is highly recommended for
paravertebral abscesses and lytic lesions of the
spine (Gupta et al. 1999). In cytology, epithelioid

-
e

granulomas, giant cells, and caseous necrosis are
observed in 50-68% of cases. In case of discor-
dance between cytological and clinical findings,
or if the cytological examination is negative, per-
cutaneous biopsy is required to confirm the diag-
nosis of musculoskeletal TB (Francis et al. 1999;
Jorda et al. 2000).

The histological features of tuberculous arthri-
tis are similar to those of tuberculous spondylo-
discitis. Tuberculous arthritis is characterized by
necrotizing epithelioid granulomas (Fig. 43).
Lesions cross the joint to infect the bone on the
other side of the joint. In immunocompromised
patients, lesions are often composed of histio-
cytes with numerous bacilli but without epitheli-
oid  granulomas  (Pigrau-Serrallach  and
Rodriguez-Pardo 2013). Joint aspiration and
synovial fluid aspiration are valuable procedures
for the diagnosis of tuberculous arthritis. Caseous
necrosis and epithelioid granulomas are uncom-
mon in these specimens. When they are present, a
definitive diagnosis of TB can be made easily
(Siddaraju and Bundele 2007).

4.7.3 Differential Diagnosis

Musculoskeletal TB may be misdiagnosed as
other granulomatous diseases, such as
brucellosis, fungal infection, and sarcoidosis
(Rammeh et al. 2019a, b). Suppurative forms of

Fig. 42 Tuberculous spondylodiscitis. Photomicrographs show (a) numerous epithelioid granulomas (circles) and (b)
necrotic material (N) in the medullary spaces. Hematoxylin and eosin stain magnification: (a)100x and (b) 200x
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Fig. 43 Synovial tuberculosis. Photomicrographs show
(a) epithelioid granuloma with caseous necrosis (N) and
(b) epithelioid granulomas with giant cells (circles) in

musculoskeletal TB closely mimic pyogenic
infection. Special stains for AFB and fungi on
FFPET can be helpful to establish a specific
causative infection (Romdhane et al. 2020a, b).

5 Conclusion

Unlike pulmonary TB, extrapulmonary forms of
TB are frequently biopsied, as their diagnoses
often require invasive procedures to obtain tis-
sues for microbiological and histological exami-
nations. Histopathology provides a rapid
diagnosis of extrapulmonary TB, especially in
endemic areas with limited resources, where
molecular  techniques  are  unavailable.
Tuberculous lesions are microscopically hetero-
geneous, and vary depending on the disease
stage, host immunity response and phenotypic
characteristics of the tuberculous bacillus. In
immunocompetent individuals, a mixture of con-
comitant lesions is usually observed, consisting
of necrotizing and nonnecrotizing granulomas,
fibrotic necrotizing granulomas, and liquefactive
and suppurative granulomas. Unlike nonnecrotiz-
ing granulomas, suppurative granulomas are rich
in MTB. In immunocompromised persons, TB
may not elicit a granulomatous inflammation. In
this situation, granulomas are large and disorga-

synovial tissue. Hematoxylin and eosin stain magnifica-
tion: (a) 200x and (b) 400x

nized, containing a large number of bacilli,
plasma cells, and few lymphocytes, with large
areas of necrosis.
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disadvantages, and limitations, the modality
of choice therefore varies, depending on the
clinical indications, and should be tailored to
each individual patient.

Abbreviations
CT Computed tomography
IVU Intravenous urography

MRI Magnetic resonance imaging

PET Positron-emission tomography
TB Tuberculosis

US Ultrasound

1 Introduction

Tuberculosis (TB) may infect virtually all organ
systems, with the lung being the most common
organ affected. Extrapulmonary TB comprises up
to 15% of all tuberculous infections (Peto et al.
2009). The definitive diagnosis of TB is made by
isolation of Mycobacterium tuberculosis from a
bodily sample (Pai et al. 2016). However, as a
laboratory diagnosis cannot be achieved in
approximately 15-20% of individuals (Taylor
et al. 2000), treatment can be instituted based on
a presumptive diagnosis (“clinically diagnosed
TB”) (World Health Organization 2020), particu-
larly in the presence of risk factors (see the first
Chapter on Epidemiology of Tuberculosis and
the last Chapter on Diagnostic Algorithm of
Tuberculosis).

Patients with TB may present with a range of
diverse clinical manifestations, which can be
broadly classified into three groups, namely: (1)
signs and symptoms of pulmonary TB, (2) signs
and symptoms of extrapulmonary TB, and (3)
asymptomatic patients suspected to have latent
TB. Patients with extrapulmonary TB typically
have either non-specific constitutional symptoms
or clinical features relating to a specific organ,
which mimic some other pathology and are hence
particularly challenging to diagnose clinically.
The roles of imaging are to detect lesions, sug-
gest the diagnosis, evaluate the extent of the dis-

ease, look for complications, follow its response
to treatment, as well as demonstrate residual or
recurring disease upon completion of therapy
(Bomanji et al. 2015).

2 Imaging Techniques

Conventional radiographs are the initial radio-
logical investigation for pulmonary and mus-
culoskeletal TB in most instances. Further
cross-sectional evaluation using ultrasound
(US) imaging, computed tomography (CT),
and/or magnetic resonance imaging (MRI) is
commonly the subsequent step in the line of
investigations. The use of other imaging
modalities, such as intravenous urography
(IVU), barium studies, as well as a whole host
of different radiological techniques, may also
be beneficial in the management of patients
suspected to have TB. In patients in whom TB
is not suspected at presentation, imaging find-
ings may raise the first concern for a tubercu-
lous etiology. Imaging modalities such as US
imaging and CT have an additional role in aid-
ing aspiration and biopsy for confirmation of
the diagnosis, as well as guiding therapeutic
interventional procedures, such as drainage of
abscesses and fluid collections. This chapter
provides an overview of the major imaging
techniques employed in investigating patients
with TB. Some specific techniques will be cov-
ered in more detail in the following chapters
dealing with imaging of TB affecting various
organ systems.

2.1 Radiography

Radiographs are often the first-line imaging
examination requested for detection of disease
and sometimes provide a diagnosis. Radiographs
complement the referring physician’s clinical
suspicion based on the patient’s history and phys-
ical examination, together with laboratory find-
ings. This assessment should ideally be made in
conjunction with the knowledge of established
risk factors, i.e., host and environmental factors
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(see the first Chapter on Epidemiology of
Tuberculosis and the last Chapter on Diagnostic
Algorithm of Tuberculosis).

2.1.1 Advantages of Radiography
Radiography has several advantages, namely:

1. It is readily available, often being the primary
and/or sole imaging modality in small hospi-
tals and clinics with limited resources, partic-
ularly in developing countries.

2. Itis relatively simple to perform. All radiogra-
phers who have finished their basic training
should be competent.

3. It is cost efficient, being far less expensive
compared to all other imaging modalities.

4. It provides a quick overall imaging assess-
ment of a relatively large area of interest, with
less radiation exposure compared to many
other imaging modalities, e.g., CT.

5. Its identification and localization of lesion(s)
serve as a guide for further imaging such as
CT or MRI.

6. It is a simple imaging tool for follow-up of
treated lesions and for detection of complica-
tions or disease recurrence.

7. Being potentially portable, it is quickly avail-
able, even to the sickest patients at the emer-
gency department, ward, or intensive care unit
(ICU).

2.1.2 Computed Radiography, Digital
Radiography, and PACS

Although still utilized in many developing
countries and in facilities with limited
resources, the time-honored traditional film-
screen system has been superseded by com-
puted radiography (CR) and digital radiography
(DR). Being digital imaging systems, both CR
and DR allow digital display of the acquired
images. These digital images can be uploaded
into the picture archiving and communication
system (PACS).

CRis a cassette-based digital imaging method,
as the image is obtained using a cassette, before
the data is converted into a digital image in a CR
reader. In CR, photostimulable phosphor plates

are used in cassettes that are similar in appear-
ance and dimensions to those used in traditional
film-screen radiography. This is in contradistinc-
tion to the film-screen system, where a film has to
be inserted in a dark room prior to its use. As both
systems employ cassettes, the same X-ray
machines used in the traditional film-screen cas-
sette system may be retained, making the transi-
tion from traditional analogue to digital imaging
seamless.

In DR, a built-in detector unit allows the X-ray
photons to be converted directly into electrical
signals that can be read directly as digital images.
There are two types of detectors: one which uses
indirect conversion, and the other which uses
direct conversion with amorphous selenium. In
the former, phosphor is used to convert the X-ray
photons into light, which is then detected by pho-
todiodes in an amorphous silicon thin-film tran-
sistor (TFT) array. The photodiode, each
representing a single pixel, then produces an
electrical charge that is sent to the image proces-
sor. In the latter, amorphous selenium is used as a
photoconductor that will pass on electrical
charges to charge collectors in the TFT array
upon irradiation (Allisy-Roberts and Williams
2008).

The PACS enables the rapid transmission of
digital images from the site of image acquisition
to multiple different locations within a hospital,
and even across the globe. PACS allows remote
viewing and storage of these images while retain-
ing their original quality. In PACS, a more eco-
nomical, filmless, and efficient workflow is set
up, whereby the digital images acquired can be
viewed almost in real time, by both radiologists
and clinical teams simultaneously. It also allows
convenient access across multiple modalities,
allowing prior studies from the same patient to be
referenced and compared immediately.

Both CR and DR offer several advantages
over conventional film-screen radiography:

1. The wide dynamic range of the photostimu-
lable phosphor plate and DR detector reduces
exposure errors and the need for repeat
examinations.
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2. They allow immediate manual optimization
of the display features desired for the particu-
lar anatomical part to be imaged.

3. When integrated into the PACS, there is an
efficient and almost live transmission of the
acquired images. The system also stores and
archives the digital images for convenient and
fast retrieval in the future, without compro-
mising image quality.

4. Viewing of digital films has various added
benefits of windowing, enhancing contrast,
magnification, and a host of other methods to
improve lesion detection, which traditional
film-screen radiography would not be able to
offer.

2.1.3 Disadvantages and Limitations

of Radiography
Despite the improvements brought about by the
usage of CR and DR, radiography has some
inherent disadvantages and limitations. These
include the following:

1. Intrinsically poor soft tissue contrast: For
example, it is good for detecting a tuberculous
lesion within the lung because of wide con-
trast between soft tissue of the lesion and air
within alveoli, but poor for detecting a tuber-
culous lesion within the renal parenchyma
because of lack of contrast with adjacent nor-
mal tissue.

2. It is relatively insensitive for the detection of
small or early bone lesions, particularly in
structures with a complex anatomy, for exam-
ple, early tuberculous osteomyelitis in the
scapula.

3. Ionizing radiation hazards, albeit small, exist.
Standard clinical indications and the ALARA
(as low as reasonably achievable) principle
should always be followed.

2.1.4 ChestRadiographs

Radiographs remain the mainstay for mass
screening and the initial imaging modality for
investigating pulmonary TB. The combination of
chest radiographs and clinical correlation has
been reported to have a 100% sensitivity and neg-

ative predictive value for excluding TB (World
Health Organization 2018). In addition to being
the first-line investigation in suspected cases of
TB, chest radiographs are also useful in the fol-
low-up of patients during treatment and are
obtained in all patients at the end of anti-TB drug
therapy. Documenting the new baseline chest
radiographs for these patients, which may show
findings such as residual fibrosis and nodular
opacities, allows easy detection of new findings
upon future comparison (Nachiappan et al. 2017).

The frontal chest radiograph may be obtained
as a posterior-anterior (PA) or anterior-posterior
(AP) radiograph, with the former being the pre-
ferred standard technique. The PA radiograph is
usually taken in a relatively well patient who is
able to stand, facing the cassette in full inspira-
tion, with the X-ray beam passing through the
patient in a posterior-to-anterior direction
(Fig. 1a). The lateral chest radiograph is useful
for assessing the retrosternal and retrocardiac air-
spaces, as well as posterior costophrenic recesses
for small effusions. The apical view radiograph is
particularly useful in the context of pulmonary
TB, where the lung apices are often involved by
disease. In this view, there is good demonstration
of the lung apices, which would otherwise be
obscured by the overlying soft tissues, ribs, calci-
fied costal cartilage, and clavicles (Fig. 1b).

2.1.5 Other Radiographs

Radiographs may not yield much information in
many patients with abdominal and/or urogenital
TB. However, abdominal radiographs may still
be useful in demonstrating focal globular calcifi-
cations associated with a granulomatous mass,
hepatic or splenic calcifications, and calcified
lymph nodes in abdominal TB. In urinary tract
TB, a radiograph of the kidneys, ureters, and
bladder (KUB) may show triangular ring-like
calcifications within the collecting system
(Gibson et al. 2004), characteristic renal paren-
chymal calcifications in a lobar distribution, a
calcified “putty kidney,” and/or calcified bladder,
particularly in end-stage disease (Engin et al.
2000). When there is involvement of bowel in
gastrointestinal TB, ileocecal involvement is
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Fig. 1 Pulmonary tuberculosis. (a) PA chest radiograph
shows patchy opacities mainly in the right upper zone.
Fibronodular scarring is also present in the periphery of
the left mid zone. (b) Apical view radiograph in the same
patient. In this projection, the opacities in the right upper
lobe, as well as the left-sided scarring, are much better
demonstrated, without the overlying clavicle and ribs

common, and may result in small bowel obstruc-
tion. The role of the abdominal radiograph is to
detect dilated bowel loops and pneumoperito-
neum. The erect abdominal radiograph is useful
for demonstrating air—fluid levels in obstruction
and free air from perforation.

Similar to pulmonary TB and contrary to uro-
genital and gastrointestinal TB, radiographs still
have an important role in assessing musculoskel-
etal TB. In musculoskeletal TB, radiographs of

the spine and extremities are ideally performed in
two orthogonal views, i.e., AP and lateral projec-
tions. If orthogonal views are not possible, e.g.,
to evaluate the metatarsals of the foot, then alter-
natives such as AP and oblique projections are
obtained. Special radiographic views may be
required for specific bones with complex anat-
omy, e.g., scaphoid views or open-mouth view
for the cervical spine odontoid process. Patients
with spinal TB usually have a radiograph of the
spine obtained at their initial presentation.
Similarly, dedicated radiographs of the affected
joint or part are also normally first obtained in
patients subsequently known to have tuberculous
involvement of large joints, long bones, and small
bones of the hands and feet.

However, in early TB, these radiographs may
be normal or show non-specific findings. For
example, in the early stages of spondylodiscitis,
while the initial spine radiograph may be nor-
mal, subsequent radiographs may reveal find-
ings such as vertebral body destruction,
progressive vertebral collapse, anterior wedg-
ing, and gibbus formation, as the disease pro-
gresses. In the affected extremity, be it joint,
long, or short bones, the initial radiographs may
depict non-specific findings of osteopenia,
osteolytic foci with poorly defined edges, vary-
ing amounts of sclerosis, abnormal periosteal
reaction, and/or soft tissue swelling (Engin et al.
2000) (Fig. 2a, b). These patients usually go on
to have an MRI, which aims at evaluating the
full lesion extent or revealing lesions not well
seen on radiographs (Fig. 2c, d).

2.2 Intravenous Urography

Intravenous urography (IVU) provides a general
overview of the whole urinary tract. Prior to
imaging, patient bowel preparation, usually start-
ing from one day before, is required and is an
important part of the IVU technique. IVU con-
sists of a series of radiographs, starting with a
control radiograph obtained to look for any calci-
fications in the urinary tract (Fig. 3a). A nonionic
iodinated contrast agent is then administered
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Fig.2 Tuberculous arthropathy of the elbow joint. (a) AP
and (b) lateral radiographs of the elbow show the small
erosions in the proximal ulna (white arrows) and an asso-
ciated joint effusion. (¢) Sagittal and (d) axial fat-sup-
pressed contrast-enhanced T1-W MR images of the elbow
show diffuse synovial proliferation and enhancement at

both the ventral and dorsal aspects of the elbow joint
(white arrows). There is also marrow enhancement in the
proximal radius and lateral humeral condyle (asterisks).
The extent of these soft tissue changes is not appreciated
on the radiographs
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Fig. 3 Left renal and ureteric tuberculosis. (a) IVU con-
trol radiograph shows a cluster of calcifications projected
over the lower pole of the left kidney (arrows). (b) Coned
renal tomogram, obtained after intravenous contrast
administration, shows contrast opacification of the right
pelvicalyceal system with none seen in the left pelvicaly-
ceal system. The left lower renal parenchyma is thinned
(dotted arrow), and the calculi (solid arrow) seen on the
control radiograph are located in the lower pole calyces.

intravenously, and radiographs are obtained in
the nephrogenic and excretory phases at different
timings to comprehensively show the compo-

The left renal nephrogram is slightly dense with subse-
quent delayed contrast excretion into the left pelvicalyceal
system. (¢) Postmicturition full-length radiograph shows a
stricture (arrow) at the left proximal ureter, with upstream
hydroureteronephrosis. The left renal pelvis is contracted,
relative to the dilated proximal ureter and calyces. Most of
the calyces, particularly in the upper and mid-poles, are

distorted and consistent

destruction

irregular, with  papillary

nents of the urinary tract. The dose of contrast
agent administered varies according to the weight
of the patient, usually up to 1.5 ml/kg body
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weight. A typical series will comprise 1-min
coned renal radiograph, 5-min coned renal radio-
graph with compression, 15-min full-length
release radiograph, 30-min coned bladder radio-
graph, and postmicturition full-length radiograph
(Fig. 3b, c¢). Modifications include addition of
oblique radiographs and tomograms.

IVU is relatively sensitive for the detection of
renal TB, being normal in only 10-15% of
patients known to be affected (Kenney 1990). In
TB of the urinary tract, contrast material within
the pelvicalyceal system, ureters, and bladder
allows filling defects and areas of mucosal irreg-
ularity to be demonstrated. It is also able to depict
segments of strictures and focal caliectasis, as
well as ureteric angulation from scarring.
However, while IVU provides a good assessment
of the pelvicalyceal system, it yields relatively
little direct information about the renal paren-
chyma, compared to CT urography. IVU also
does not have the added benefit of a broader
cross-sectional assessment, which enables a
simultaneous search for extrarenal features of TB
in the rest of the abdomen and spine, which is a
great benefit of CT urography. For these reasons,
in modern practice, [IVU has largely been replaced
by cross-sectional imaging techniques, particu-
larly CT urography.

23 Contrast Fluoroscopy Studies

These are imaging studies used to evaluate vari-
ous structures, particularly the gastrointestinal
tract, typically in double contrast utilizing air
and barium, under real-time fluoroscopic imag-
ing. In a barium swallow and meal, the patient
drinks a barium suspension and swallows fluid
or tablets that produces effervescent gas. The
aim is to coat the esophagus, stomach, and duo-
denum, as well as distend these structures, in the
evaluation of the upper gastrointestinal tract. In
a small bowel series, the small bowel may also
be subsequently imaged with both real-time
fluoroscopy and serial radiographs after inges-
tion of diluted barium suspension (Fig. 4). This
is sometimes also known as a barium meal and
follow-through study (BMFT). Barium entero-

Small bowel series.

Fig. 4 Ileocecal tuberculosis.
Abdominal radiograph taken 3 h after the start of the study
shows a short segment of luminal narrowing in the termi-
nal ileum (black arrows), as well as mild deformity of a
contracted cecum (white arrow). This patient had subse-

quent histological confirmation of terminal ileal

tuberculosis

clysis, in which a nasogastric tube is used to
intubate the proximal jejunum, enables better
small bowel distention and detection of mucosal
abnormalities, compared to BMFT. When eval-
uating the large bowel, there is a need for prior
bowel preparation, and the patient should be
able to tolerate air insufflation and barium intro-
duced into the large bowel via a rectal tube.
Furthermore, these studies require the patient to
have a certain level of mobility, as they have to
be able to turn and adopt various positions on
the fluoroscopic table, in order to thoroughly
coat the colonic mucosa with barium and to
obtain images of different segments of the colon
in various projections.

These double-contrast barium studies are able
to identify ulcers, mucosal irregularity, strictures,
as well as fistulas and have been extensively used
in the past for the evaluation of gastrointestinal
TB, particularly in the region of the ileocecal
junction, which is the commonest site for
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tuberculous involvement of the bowel (Nakano
et al. 1992; Leder and Low 1995). These studies
are being increasingly replaced by CT, which
does not require as much patient cooperation
compared to barium studies and has the added
benefit of evaluating bowel wall abnormalities
and extraintestinal pathology. Regardless of the
type of study the patient undergoes, these patients
would usually be further evaluated with gastro-
or colonoscopy, to complement the radiological
findings and also obtain tissue for histopathologi-
cal confirmation.

A water-soluble contrast agent (usually a
nonionic iodinated contrast agent) may also be
used in the assessment of the gastrointestinal
tract; however, it is usually only used when bar-
ium is contraindicated, e.g., in suspected cases
of perforation, and in the post-operative patient
to look for anastomotic leaks. In these cases, the
leakage of barium into the peritoneum may be
complicated by barium peritonitis, acutely
resulting in large-volume exudative ascites and
hypovolemic shock. In the later stages, granulo-
mas, fibrosis, and adhesions may develop, lead-
ing to small bowel obstruction. Water-soluble
contrast follow-through series of the small bowel
is also often performed in cases of small bowel
obstruction to determine the transit time of con-
trast material into the large bowel, which would
help surgeons to predict which patients may be
managed conservatively. Thus, water-soluble
contrast studies of the gastrointestinal tract have
a limited but useful role in the diagnosis of gas-
trointestinal TB. Water-soluble contrast agents
may also be used in sinography/fistulography,
where the contrast agent is injected via a cannula
into a cutaneous opening, prior to imaging with
fluoroscopy or CT, to demonstrate possible com-
munication with bowel and other deep struc-
tures, e.g., abscess, which will opacify with
contrast material if there is a fistulous
communication.

24 Ultrasound Imaging

Ultrasound (US) imaging is an excellent
modality for targeted assessment of a superfi-

cial body part or organ in patients with extra-
pulmonary TB. In US imaging of enlarged
cervical lymph nodes, features such as
hypoechoic cortical thickening, decreased hilar
fat, decreased internal vascularity, and necrosis
may be detected. US imaging may also be used
to assess the kidney in renal TB. However, it is
less sensitive in identifying isoechoic masses,
small calcifications, and cavities that commu-
nicate with the pelvicalyceal system (Gambhir
et al. 2017). US imaging also allows assess-
ment of the prostate gland, testes, and epididy-
mis in urogenital TB, although findings may be
non-specific. In musculoskeletal TB, it is par-
ticularly helpful in the evaluation of superficial
soft tissue masses, tendons, synovium, and
bursal spaces, as well as to look for abscesses
and joint effusions (Fig. 5). It also allows quick
comparison with the contralateral side or
extremity, which is not possible with other
imaging modalities, e.g., MRI, where only the
affected side is imaged. There are several other
specialized US imaging techniques, e.g., endo-
luminal US imaging to enable clearer visual-
ization of bowel wall abnormalities, transrectal
ultrasound imaging to evaluate prostate TB,
and contrast-enhanced US imaging.

RIGHT ELBOW LS POST

Fig. 5 Tuberculous abscess of the elbow. Longitudinal
US image shows a predominantly anechoic fluid collec-
tion (between small yellow cursors), with few thick inter-
nal septations, in the subcutaneous plane on the posterior
aspect of the elbow, with overlying skin thickening (aster-
isk). This fluid collection was subsequently aspirated and
the diagnosis of a tuberculous abscess made
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2.4.1 Advantages of US Imaging

1. There is no ionizing radiation hazard, as it uti-
lizes sound waves, making US an eminently
suitable imaging technique for young and
pregnant patients.

2. It is portable and is readily available at the
bedside for ill patients in the emergency
department and ICU. US imaging is also use-
ful in outpatient clinics.

3. It provides images in real time and can there-
fore be used in various interventional proce-
dures. These include guiding biopsy needles in
obtaining tissue for the histopathological con-
firmation of TB, fine-needle aspiration cytol-
ogy (FNAC) of superficial tuberculous masses
and lesions, as well as drainage of pleural effu-
sions and abscesses in patients with TB.

2.4.2 Disadvantages and Limitations

of US Imaging

1. Its range of anatomical assessment is limited
as US does not cross tissue—bone and tissue—
gas boundaries, thus preventing the evaluation
of deeper structures beyond these barriers.
Therefore, US imaging is not generally used
as a modality in the investigation of pulmo-
nary TB, except when looking for pleural
effusion. In the abdomen, the presence of air
in the stomach may obscure deep structures
such as the pancreas. Abnormalities in areas
surrounded by or deep to bony structures, e.g.,
hip joint, will be difficult to image.

2. It may be technically challenging in patients
with an abnormally large body habitus, which
limits the extent of examination.

3. US imaging is operator-dependent, i.e., much
depends on the experience and expertise of
the ultrasonologist, particularly for the mus-
culoskeletal system. The quality of the
equipment, e.g., use of high-resolution probes,
is also important.

25 Computed Tomography

CT is the modality of choice for comprehensive
assessment of the thorax, abdomen, pelvis, and

head and neck and is also useful for the brain and
musculoskeletal system. CT is rapid to perform
and well tolerated by most patients, including
those who are ill or less cooperative. There are
many techniques to optimize image quality, such
as choice of imaging parameters, multiplanar
reconstructions, administration of contrast
agents, and postprocessing techniques.

2.5.1 Image Optimization

Patient positioning is important in order to avoid
beam hardening artifacts from the upper limbs,
which may limit assessment in the region of con-
cern. When imaging the head, neck, and cervical
spine, the patient’s arms should be kept down at
the side of the body. For the same reason, the
arms are raised for imaging of the thorax, abdo-
men, pelvis, and thoracolumbar spine. A scano-
gram is initially obtained in order to plan the
anatomical length and field of view (FOV) to be
examined. This is important as decreasing the
FOV to fit the region of interest helps to improve
spatial resolution. Optimal kilovoltage peak is
dependent on the indication for the scan and size
of the patient, while tube current is modulated
automatically in current machines. High-
resolution filters are used for imaging of the lung
and bones, while standard filters usually suffice
for all other parts. The scan direction is usually
craniocaudal.

Administration of an intravenous nonionic
iodinated contrast agent is an important means
for image optimization. It allows the delineation
of abnormal from normal structures by improv-
ing the differential contrast enhancement of the
various tissues, e.g., structures in the thorax,
abdomen, and pelvis. An 18-20G intravenous
cannula is set, ideally in the antecubital vein, in
order to withstand the consistent high flow rate of
3-5 ml/s produced by a mechanical contrast
injector. A test dose of saline is introduced to
check if the cannula is properly set within the
vein, as well as to test its patency, prior to con-
trast administration. This is to prevent contrast
extravasation into the arm. Following intravenous
contrast administration, a saline chaser is used to
flush the contrast material along the arm veins,
thus fully utilizing the injected contrast material.
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It is worth mentioning that overt hyperthy-
roidism is an absolute contraindication to the
intravenous administration of iodinated contrast
material. Additionally, it should also not be
administered in patients with known severe con-
trast allergy, severe asthma, or end-stage renal
disease who are not on hemodialysis. Patients
with known minor allergic reactions to contrast
agents and asthma should be given corticoste-
roids prior to intravenous contrast administration.
Patients with renal dysfunction should be
hydrated prior to and/or after the study and have
their renal function monitored. Patients with
renal dysfunction and on metformin are at risk of
developing lactic acidosis and should have the
medication withheld for a total of 48 h after the
study. As the exact protocol for patient prepara-
tion differs among institutions, it is prudent to
check the local departmental guidelines.

2.5.2 Roles and Advantages of CT

1. CT is the modality of choice for the cross-
sectional evaluation of patients with TB, par-
ticularly involving the thorax, abdomen,
pelvis, and head and neck.

2. It has the benefits of multiplanar reconstruc-
tion in the coronal and sagittal planes and
volume-rendering/three-dimensional (3D)
reconstruction and allows the images to be
viewed in the lung, soft tissue, and bone
windows.

3. CT has a much faster scan time compared to
MRI, and is better tolerated, cheaper, and
more accessible.

4. CT is the preferred imaging-guided technique
in percutaneous biopsies of deeper structures
when a histological diagnosis of TB is neces-
sary; these sites include the mediastinum,
abdomen, and spine.

2.5.3 PulmonaryTB

CT has an important role in the diagnosis of pul-
monary TB, when the initial chest radiograph is
normal or inconclusive. Viewing the lung win-
dow allows assessment of the lungs and airways
for changes indicative of TB (Fig. 6a, b). Added
assessment of the soft tissue structures is possible
using the soft tissue window, which reveals char-

acteristic tuberculous lymphadenopathy
(Fig. 7a), if present. With CT, the diagnosis of
pulmonary TB is correctly made in 91% of cases
and correctly excluded in 76% of patients (Lee
et al. 1996). It also aids in determining disease
activity, being able to characterize 80% of
patients with active disease and 89% of those
with inactive disease (Lee et al. 1996).

In our institution, besides covering the entire
thoracic cage, the coverage of CT of the thorax is
usually extended further caudally to include the
liver and adrenal glands. Images are obtained at
40-60 s after the intravenous administration of
70-80 ml of nonionic iodinated contrast agent at
a rate of 2 ml/s, with typical parameters of
110 kVp, pitch value of 1.2, and slice thickness
of 3 mm. High-resolution CT (HRCT) is a CT
technique which uses a high spatial frequency
reconstruction algorithm to postprocess thin-
slice images of the thorax obtained, providing
exquisite lung detail. HRCT of the thorax is valu-
able in the detailed assessment of various mani-
festations of pulmonary TB, such as interstitial
lung involvement, bronchiectasis, and cystic lung
lesions. CT aortography is useful for the detec-
tion of Rasmussen aneurysm and for preemboli-
zation mapping of bronchial and nonbronchial
arteries.

2.5.4 Urogenital TB

CT urography is a dedicated technique that is
preferred over CT of the abdomen and pelvis for
imaging of urinary tract involvement in TB, as it
best demonstrates all manifestations of renal TB
(Gambhir et al. 2017). It has the additional bene-
fit of having an initial unenhanced scan, which
allows better detection of calcifications, as well
as a delayed excretory phase. With contrast
opacification of the pelvicalyceal system and ure-
ters in the excretory phase, it is akin to an IVU,
but with the added advantage of cross-sectional
images (Fig. 8). CT urography comprises an
unenhanced study, as well as a portovenous phase
at 80 s and an excretory phase at 10 min, after
intravenous injection of 80 ml of nonionic iodin-
ated contrast agent at a rate of 4 ml/s. Its scan
coverage extends from the diaphragm through to
the level of the pubic symphysis, with typical
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Fig. 6 Pulmonary tuberculosis. (a) Axial and (b) coronal
CT images taken in the lung window setting. In the right
upper lobe, there are areas of consolidation with internal
cavitation (white arrows), as well as centrilobular tree-in-
bud opacities (black arrows). Sputum cultures confirmed

parameters of 120 kVp, pitch value of 0.6, and
slice thickness of 3 mm.

2.5.5 Abdominal TB

CT is the mainstay of investigation of patients
with abdominal TB, the findings of which are
generally not evident on radiographs. It demon-
strates tuberculous lymphadenopathy, which is
the commonest manifestation of abdominal TB
(Engin et al. 2000) (Fig. 9). It also comprehen-
sively depicts the features of tuberculous infec-
tion of various organs such as the liver, spleen,
adrenal glands, gastrointestinal tract, and perito-

tuberculosis. (¢) AP chest radiograph shows consolidation
in the right upper and mid zones. However, neither the
internal cavitation nor the tree-in-bud opacities could be
appreciated, being only depicted with CT

neum (Fig. 10). A routine CT of the abdomen and
pelvis is obtained typically at 120 kVp, with a
pitch value of 0.6 and slice thickness of 3 mm,
scanned in the portovenous phase at 60 s, utiliz-
ing 60-70 ml of intravenous nonionic iodinated
contrast agent in the average-sized patient,
injected at a rate of 2 ml/s. Care should be taken
to ensure that the cranial extent of the scan covers
the hepatic dome, with the caudal landmark being
the pubic symphysis.

CT enterography is an improved technique
for the evaluation of the small bowel. It involves
ingestion of 1.5-2 L of neutral or low-density
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Fig.7 Pulmonary tuberculosis. (a) Axial CT image taken
in the soft tissue window setting shows necrotic right hilar
and mediastinal lymph nodes with a hypoattenuating cen-
ter and rim enhancement (arrows), due to active tubercu-
losis. Small pleural effusions are also present bilaterally

Fig. 8 Right renal and ureteric tuberculosis. Oblique cor-
onal CT urography image reconstructed to display the
whole length of the ureters shows a long segment of dilated
right ureter with irregular wall thickening (long arrows).
There is also right hydronephrosis and a large cavity (short
arrows) in the right upper pole renal parenchyma. There is
no normal contrast excretion into the right pelvicalyceal
system. The left kidney, left ureter, and bladder are normal,
with normal pelvicalyceal system opacification

(asterisks). (b) AP chest radiograph of the patient shows a
small area of consolidation in the left mid zone, with
internal lucencies suggestive of cavitation (arrows). The
hilar and mediastinal lymphadenopathy are not visible

Fig. 9 Tuberculous lymphadenopathy. Axial contrast-
enhanced CT image shows a cluster of enlarged, low-
density aorto-caval (black arrow), left para-aortic (paired
black arrows), and mesenteric lymph nodes (white solid
arrows). In this background, there are also a few calcified
nodes (white dotted arrows) resulting from previously
treated tuberculosis

contrast material (e.g., water—methylcellulose
solution, polyethylene glycol, and low-density
barium) over 45-60 min, enabling good disten-
sion of small bowel and better visualization of
wall and intraluminal abnormalities. Virtual CT
enteroscopy is a recent technique in which the
small bowel is cannulated with a nasogastric
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Fig. 10 Ileocecal tuberculosis. (a) Axial and (b) coronal
contrast-enhanced CT images show mural thickening at
the ileocecal junction (long arrows) with adjacent inflam-

tube and distended using carbon dioxide, follow-
ing which CT images are obtained and recon-
structed to produce endoluminal images of the
small bowel. This technique produces superior
images of mucosal wall and intraluminal
abnormalities.

2.5.6 CranialTB

CT may be helpful in detecting tuberculous
pachymeningitis, cranial tuberculomas, and cere-
bral tuberculous abscesses. However, it is not the
preferred modality in the assessment of central
nervous system (CNS) TB, if MRI is available.
The initial scanogram obtained should extend
from the vertex of the skull to the level of C1 ver-
tebra caudally. Typical parameters are 120 kVp,
pitch value of 0.55, and slice thickness of 5 mm.
For the average patient, 60 ml of intravenous
nonionic iodinated contrast agent is administered
at a rate of 2 ml/s, and the scan is obtained 1 min
later. A CT venogram may also be performed to
assess for complications of venous thrombosis in
intracranial TB; this technique has some differ-
ences in the scanning protocol for a routine cra-
nial CT. Firstly, the coverage for a CT venogram
extends further caudally to the level of C3 verte-
bra to include a longer segment of the internal
jugular veins. Scanning is also done earlier, at
40 s and at a faster rate of 3-5 ml/s, utilizing
70 ml of intravenous nonionic iodinated contrast
agent.

matory stranding (short arrows) and free fluid. This patient
subsequently underwent colonoscopy, with histopatho-
logical confirmation of tuberculosis

2.5.7 Head and NeckTB
In the neck, CT may help in the assessment of
pharyngeal and laryngeal TB and is ideal for
demonstrating cervical lymphadenitis. As it is a
better modality compared to MRI for showing
calcifications, CT allows better appreciation of
fibrocalcified nodes that may be found in patients
treated for TB. The scan coverage for a neck CT
includes the frontal sinus and extends caudally to
the level of the tracheal carina. The images are
obtained 40 s after the administration of 50-60 ml
of nonionic intravenous contrast agent, at a rate
of 2 ml/s, with typical parameters of 120 kVp,
pitch value of 0.8, and slice thickness of 3 mm.
CT is also used for the evaluation of sinonasal
disease, although findings are non-specific and
are often similar to those of the more common
infections. CT coverage for the sinuses extends
from the vertex of the skull to the mandible and
includes the ears and tip of the nose. Unenhanced
images using a bone algorithm, as well as
contrast-enhanced scans in soft tissue window
settings, are obtained, following intravenous
administration of 50 ml of nonionic iodinated
contrast agent, delivered at a rate of 2 ml/s.
Typical CT imaging parameters are 100 kVp,
pitch value of 0.55, and a slice thickness of 3 mm.
CT of the temporal bone is essential in the
diagnosis of tuberculous otomastoiditis. It allows
assessment of the ossicles, walls of the tympanic
membrane, and inner ear structures and reveals
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the presence of retroauricular abscesses. Images
are acquired using a bone algorithm, with a slice
thickness of 0.4 mm, at 120 kVp, and a pitch
value of 0.55, which includes the frontal sinus to
the level of the upper palate, with care taken to
include both ears in the lateral extents.

2.5.8 Musculoskeletal TB

When viewed in bone window settings, CT is
able to depict the degree and extent of cortical
erosions, osseous destruction, and small calcifi-
cations in far greater detail compared to radio-
graphs and MRI. However, assessment of soft
tissue structures, intervertebral discs, and bone
marrow is limited and inferior to MRI. CT has a
useful and selected complementary role to radio-
graphs and MRI in the diagnosis of tuberculous
spondylitis, tuberculous arthritis, and tubercu-
lous osteomyelitis. When imaging the upper or
lower extremities, the entire region of interest
should be included and scanned with typical
parameters of 120 kVp, pitch value of 0.8, and
slice thickness of 3 mm.

2.5.9 Dual-Energy CT

In dual-energy CT (DECT), two sets of X-ray
sources and detectors are used to simultaneously
acquire CT attenuation data at two different
energy levels, namely 80 or 100 kVp and
140 kVp. This technique allows interrogation of
different tissues in the body and how they behave
at these different radiation energy levels. Initially,
DECT was used in the detection of uric acid
stones in the urinary tract. Its use, however, has
been gradually extended to musculoskeletal
imaging, starting with identifying uric acid depo-
sition within various soft tissues in gout, and sub-
sequently evolving into the detection of bone
marrow edema. This technique allows calcium to
be subtracted from cancellous bone, creating a
virtual noncalcium image from an unenhanced
image, thus depicting marrow edema in trauma
(Pache et al. 2010).

Additionally, visual detection of attenuation
changes in the bone marrow could be improved
with the use of color-coded maps of the virtual
noncalcium subtracted images (Pache et al.
2010). Extrapolating this, the use of DECT in

the detection of marrow edema in trauma may be
extended to the detection of marrow edema in
tuberculous spondylitis, particularly in patients
who are unable to undergo MRI. However, this
does not replace MRI, which remains the gold
standard for identifying marrow edema.
Furthermore, there remains the inability of
DECT to depict marrow alterations directly sub-
jacent to cortical bone as a result of masking of
the cortex and spatial averaging (Pache et al.
2010).

2.5.10 Disadvantages and Pitfalls of CT

1. Artifacts can occur, in particular, movement,
beam hardening, and streak artifacts (Fig. 11)
due to very high attenuation materials, and
may cause problems for image interpretation.
Movement artifacts can occur with swallow-
ing in neck CT, breathing in CT of the thorax
and abdomen, and movement of the patient in
general. Thus, clear instructions to the patient
are important. They need to be informed that
they need to stay still during the duration of
the scan and to carefully follow the instruc-
tions given. Shorter CT scan times also aid in
reducing/removing movement artifacts, and
thisis generally achieved with new-generation
CT scanners. Beam hardening artifacts occur
when the X-ray beam “hardens” and mean
energy increases, producing a dark area
which obscures an area of interest. This
occurs when the lower energy photons are
absorbed more rapidly and the higher energy
photons pass through a very dense area; for
example, the posterior fossa in cerebral CT
due to the close presence of dense petrous
bones in the base of skull is a common site
(Fig. 12). Manufacturers utilize filtration,
calibration correction, and beam hardening
correction software to overcome this artifact
(Barrett and Keat 2014).

2. High radiation doses and radiation protection
should be considered. It is advisable to tailor
the imaging parameters in order to adhere to
the ALARA principle. For example, using a
high pitch, low kVp, and mAs, and limiting
the region of interest, should be considered,
especially in children. Increasing pitch
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Fig. 11 Streak artifacts in two different patients. (a) image in another patient shows streak artifacts (white
Axial CT image shows prominent streak artifacts (black —arrows) from dental amalgam, which extends posteriorly
arrows) from dental amalgam, which limits assessment of  to the cerebellum

the adjacent structures in the mandible. (b) Sagittal CT

Fig. 12 Beam hardening artifacts. Coronal CT image
shows beam hardening artifacts across the cerebellum
(arrows), caused by dense petrous bone at the skull base

decreases radiation dose proportionally.
Similarly, there is a proportional increase in
radiation dose with increase in tube current;
doubling the tube current time product dou-
bles the exposure to the patient. Tube current
modulation is an essential imaging tool,

which allows higher values of tube current in
higher attenuation regions; the converse
holds true for lower attenuation regions,
potentially reducing the radiation dose.
Modulation of tube current is also done along
the length of the patient. Hence, the CT
scanogram helps to appropriately lower the
estimate of tube current modulation in rela-
tion to differing patient sizes without com-
promising imaging quality. Modulation of
tube current has been known to reduce radia-
tion dose by up to 40% per examination, pro-
viding appropriate settings catered to
individual patient size and examination type,
while maintaining consistency in image qual-
ity (Mayo-Smith et al. 2014). Likewise, a
decrease in tube voltage will reduce radiation
dose; for example, reducing tube voltage
from 140 kV to 120 kV will reduce patient
exposure and radiation dose by up to 35%
(Huda and Mettler 2011). In recent times,
automated tube voltage-assisted technology
and selection software have been aiding auto-
mation of tube voltage based on different CT
examination types, as well as each individual
patient’s attenuation profile gathered from
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the initial CT scanogram, while providing
diagnostically acceptable image quality
(Mayo-Smith et al. 2014).

3. CT does not allow full assessment of the
pathological changes in the brain, spinal
cord, intervertebral disc, and bone marrow.
It is also less sensitive than MRI in the
depiction of meningeal abnormalities
(Chaudhary et al. 2017). MRI has a much
greater range of soft tissue contrast and bet-
ter shows anatomical details in the brain and
cord, thus providing greater appreciation of
abnormalities within and distinct from nor-
mal structures. Similarly, MRI remains the
gold standard in detecting discal and mar-
row edema, as well as assessment of the
spine and paraspinal structures and is the
modality of choice in spinal infections
(Leone et al. 2012).

2.6 Magnetic Resonance Imaging
MRI is a non-invasive imaging technology, which
produces high-quality anatomical images in dif-
ferent orthogonal planes. A powerful magnet
magnetizes hydrogen protons found in water that
make up living tissues in the patient’s body, such
that they align with the main magnetic field.
Radiofrequency (RF) pulses are employed to
stimulate and detect the responses of these pro-
tons, enabling MRI sensors to create images that
show the differences among various types of tis-
sues, normal or abnormal, based on these mag-
netic properties. It is often used for detection,
diagnosis, and treatment monitoring of various
diseases, including TB.

2.6.1 Advantages of MRI

1. There is no ionizing radiation hazard. For
pregnant and young patients where compre-
hensive cross-sectional imaging of a body
region or organ is required and in which ion-
izing radiation should be avoided, MRI is
preferable to CT.

2. MRI allows direct acquisition of images in
different planes without having to reposition
the patient.

3. The superior soft tissue contrast of MRI
makes it the imaging modality of choice for
providing exquisite anatomical and pathologi-
cal detail and is excellent for imaging of the
brain, meninges, spinal cord, and spine, as
well as joints and extremities, in CNS and
musculoskeletal TB, respectively. It is the
gold standard for imaging of tuberculous
spondylodiscitis, demonstrating well the local
extent of disease and any complications
(Gambhir et al. 2017) (Fig. 13). MRI is also
considered superior to CT and is the modality
of choice in the detection and assessment of
CNS TB (Trivedi et al. 2009; Skoura et al.
2015) (Fig. 14). In particular, it is more sensi-
tive than CT in depicting abnormalities in
meningeal TB (Chaudhary et al. 2017)
(Fig. 15).

2.6.2 Pulse Sequences

Spin-echo (SE) T1-weighted images are acquired
using a short time-to-repetition (TR) of <800
milliseconds (ms) and short time-to-echo (TE) of
<30 ms. It is the favored sequence for the detailed
depiction of anatomical structures. It is also the
sequence used for imaging after intravenous
administration of gadolinium (Gd)-based con-
trast agents, improving detection of enhancing
tuberculous lesions, and allows assessment of its
enhancement characteristics and extent of infec-
tion. Although Gd-based contrast agents may be
administered by other means, e.g., intra-
articularly in MR arthrography, these techniques
have very limited applications in the context of
patients with TB.

SE T2-weighted images are obtained using a
long TR of >2000 ms and long TE of >60 ms.
This sequence is sensitive to the presence of fluid,
making it particularly useful in the detection of
edema and pathological lesions, which typically
have hyperintense T2 signal. Hence, this sequence
is ideal for the detection of diseases such as
tuberculous infection. Being time-saving, fast or
turbo SE (TSE) sequences are currently often
used in routine MRI in place of SE T2-weighted
sequences. As fat appears hyperintense on TSE
T2-weighted images, fat suppression is usually
applied to differentiate the abnormal signal from
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Fig. 13 Tuberculous spondylodiscitis. (a) AP and (b) lat-
eral radiographs of the thoracic spine show the right lat-
eral remnant of a severely compressed and largely
destroyed T8 vertebral body (black arrow), loss of the
normal intervening T7/8 and T8/9 disc spaces, as well as
a large associated paravertebral mass (white arrows). (c)
Sagittal contrast-enhanced CT image better shows the
severely compressed T8 vertebral body with small retro-
pulsed bony fragments (black dotted arrow). Large ante-
rior prevertebral abscess (white solid arrows) and epidural

the background fat, particularly in areas where
the suspected lesion is in close proximity to fat,
e.g., TB of the spine and musculoskeletal
system.

The proton density (PD) sequence reflects the
density of protons rather than the magnetic char-
acteristics of hydrogen nuclei and is an interme-
diate sequence sharing features of both T1- and
T2-weighted images. It has a long TR of
>2000 ms and short TE of 20 ms, minimizing T1
and T2 differences, respectively. This sequence is
used in musculoskeletal imaging as it is ideal for
the assessment of the joints by providing excel-
lent signal distinction between fluid, hyaline car-
tilage, and fibrocartilage.

The short tau inversion recovery (STIR)
sequence has a TR >2000 ms, TE >30 ms, and
inversion time (TI) of 120—150 ms. As fat has a
relatively shorter T1 compared to other tissues
in the body, its signal may be selectively nulled
with this fat suppression sequence, which aims

extension (black solid arrows) are seen. (d) Corresponding
sagittal STIR MR image shows hyperintense T7 and T9
vertebral bodies, with the severely compressed T8 verte-
bral body being barely visible. The T8 vertebral posterior
elements and adjacent soft tissues show hyperintense sig-
nal (dotted arrows), indicating the full extent of infection.
The anterior subligamentous spread of the paravertebral
abscess (arrows) and epidural phlegmon causing cord
compression are well shown

to increase the signal intensity difference
between abnormal fluid and adjacent fat. While
the imaging quality is usually not as good as
that of conventional fat-suppressed T2-weighted
images, it is less susceptible to magnetic field
inhomogeneity and is favored in certain indica-
tions, e.g., where the patient has metallic
implants close to the location of the tuberculous
lesion. It is also important to note that the signal
suppression in STIR is not specific to fat and
may also nullify signal from any material with a
short T1, e.g., melanin, methemoglobin, pro-
teinaceous fluid, and more importantly gadolin-
ium. Therefore, the STIR sequence cannot be
used to demonstrate post-Gd-based contrast
enhancement, and it is its most noteworthy
limitation.

The fluid-attenuated inversion recovery
(FLAIR) sequence is a special inversion recovery
sequence with a long TI. Its typical acquisition
parameters are TR >3000 ms, TE >80 ms, and TI
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Fig. 14 Cerebral tuberculosis. (a) Axial T2-W MR image
of the brain shows numerous tiny subcentimeter hyperin-
tense foci in the centrum semiovale bilaterally (arrows).
(b) Coronal contrast-enhanced FLAIR MR image shows
multifocal enhancing foci scattered in the cerebrum and
cerebellum (arrows). These lesions are better demon-

of 1700-2200 ms. It is essential in imaging the
CNS in TB, being able to suppress fluid signal
from cerebrospinal fluid (CSF), thus accentuat-
ing parenchymal edema, and is helpful in distin-
guishing periventricular subependymal edema
from obstructing hydrocephalus. For the same
reason, it also better demonstrates exudates and

strated following intravenous Gd-based contrast agent
administration. (¢) Coronal unenhanced CT of the same
patient. These tiny subcentimeter foci seen on MRI are
hard to identify in the corresponding CT image, particu-
larly without intravenous contrast administration

meningeal enhancement, following Gd-based
contrast administration (Fig. 15d).
Diffusion-weighted imaging (DWI) is an MRI
technique that detects changes in the Brownian
motion of water molecules within tissues (Brant
2012). In routine clinical practice, DWI b-values
between 0 and 1000 are typically used; for
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Fig. 15 Leptomeningeal tuberculosis. (a) Axial FLAIR
MR image shows abnormal hyperintense signal outlining
the pons (arrows). Suppression of CSF signal in FLAIR
sequences accentuates this area of leptomeningeal abnor-
mality, which would otherwise be difficult to detect on

corresponding axial (b) T1-W and (c¢) T2-W images. (d)
Corresponding axial contrast-enhanced FLAIR MR
image shows leptomeningeal enhancement. The use of
intravenous Gd-based contrast agents better depicts lepto-
meningeal involvement
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example, a b-value of 1500 is used in MRI of the
prostate. The b-value is a factor that reflects the
timing and strength of gradients used to generate
these images; the higher the b-value, the stronger
the diffusion effects depicted. DWI is used to
identify hypercellular tissue, which demonstrates
restricted diffusion.

Apparent diffusion coefficient (ADC) mea-
sures the magnitude of diffusion of water mole-
cules within tissues and is clinically calculated
using MRI with DWI (Sener 2001). Higher ADC
values indicate more mobile water molecules,
while low ADC values indicate restricted move-
ment of water molecules in tissues (Mukherjee
et al. 2008). In neuroimaging of TB, the DWI
sequence allows detection of cerebral infarction
(Rodriguez-Takeuchi et al. 2019). This sequence
may also help differentiate pyonephrosis from
hydronephrosis in renal TB and spondylodiscitis
from disc degeneration in spinal TB. Generally,
in tissues infected by TB, restricted diffusion
may be demonstrated; this may make it a useful
sequence in identifying other sites of involve-
ment, rather than just differentiating TB from
other disease processes (Dunn et al. 2015).

Gradient-recalled echo (GRE) sequences are
used to acquire fast images and are therefore use-
ful in minimizing motion artifacts from breath-
ing, heartbeat, and vessel pulsation, as well as
peristalsis. Magnetization decay time in GRE is
termed T2* and is much shorter than the T2
decay times in SE imaging. On GRE images, sig-
nal intensity arising from T2 relaxation charac-
teristics of tissue is strongly affected by
imperfections in the magnetic field. By utilizing
GRE T2*-weighted MRI sequences, in addition
to relatively long TE values, local magnetic field
homogeneity effects are accentuated which is
useful to detect blood products, iron, or calcifica-
tions (Brant 2012).

Susceptibility-weighted imaging (SWI) is a
high-spatial-resolution 3D GRE MRI technique,
which has increased sensitivity in the
identification of blood products and/or calcium,
which may not be as apparent on T2*-GRE imag-

ing; but there are potentially more false positives
in SWI. Additionally, SWI has the ability to dis-
tinguish paramagnetic (e.g., hemorrhage or iron)
from diamagnetic (e.g., calcification) substances
using filtered phase postprocessing images,
where they demonstrate opposed signal intensity
(Tong et al. 2008).

Chemical shift imaging, also known as
opposed-phase or in- and out-of-phase imaging,
is used to detect the presence of intracellular or
microscopic fat, by taking advantage of the dif-
ferences in precessional frequencies between fat
and water. It is acquired simultaneously using
two different TEs; the echoes are timed to coin-
cide with out-of-phase and in-phase timings of
the relevant spins, and the data is subsequently
divided into two different image sets covering the
same anatomical region (Roth and Deshmukh
2017). The presence of intracellular or micro-
scopic fat is then identified when there is signifi-
cant reduction in signal intensity on out-of-phase
images.

The Dixon method is a fat suppression
sequence, which is based on chemical shift imag-
ing. This technique uses a nonspectrally selective
pulse with TEs, which capture phase differences
between fat and water protons, which, over time,
alternate between being in-phase and opposed-
phase. Acquiring both in-phase and opposed-
phase images simultaneously allows the images
to be either added or subtracted to produce water-
only (fat-suppressed) or fat-only (water-sup-
pressed) images, respectively. The Dixon method
has the advantage of uniform fat suppression and
ability to quantify fat.

All the different MRI manufacturers have
developed their own special sequences; most of
them are named with easy-to-remember and/or
catchy acronyms. For example, Siemens’ fast low
angle shot (FLASH) and volumetric interpolated
breath-hold examination (VIBE) are spoiled
GRE sequences, which utilize RF spoiling to
eliminate transverse magnetization prior to each
RF pulse. With FLASH, both T2%*- and
T1-weighted imaging may be obtained, and with
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its short repetition time enabling images to be
acquired within a single breath hold, it is com-
monly used in abdominal imaging. VIBE is a
modified form of FLASH, which allows high-
resolution dynamic images to be acquired. Using
fast 3D GRE sequences to produce T1 images, it
is a form of volumetric imaging used in abdomi-
nal imaging to acquire dynamic contrast-
enhanced images using short breath-hold-length
acquisition times.

The double-echo steady state (DESS) is a 3D
GRE sequence by Siemens, which produces
higher T2*-weighted imaging. It is mainly used
in musculoskeletal imaging, providing high-
resolution cartilage imaging, as well as synovial
fluid imaging. Half-Fourier acquisition with
single-shot turbo spin echo (HASTE) is a product
by Siemens, which uses a single-shot technique
to acquire only slightly more than half of the
required data within a single TR for an entire
T2-weighted image. This is made possible by
half-Fourier transformation, which enables com-
puter reconstruction of the remaining data that
was not acquired, thus reducing scan times,
allowing for fast breath-hold imaging (Regan
etal. 1998). Sampling perfection with application-
optimized contrasts using different flip angle
evolution (SPACE) is an isotropic 3D FSE acqui-
sition sequence by Siemens. It enables acquisi-
tion of Tl-, T2-, FLAIR-, and PD-weighted
imaging in high-resolution 3D datasets.

MR spectroscopy (MRS), on the basis of the
chemical shift phenomena, provides information
about the presence and concentration of metabo-
lites in tissue (Brant 2012). The more common
metabolite peaks measured are lactate,
N-acetylaspartate (NAA), citrate, creatine, and
choline, and these change with different patholo-
gies. For example, MRS helps to differentiate
tuberculoma from pyogenic abscesses and neo-
plasms (Gupta et al. 1995).

Magnetization transfer (MT) imaging manip-
ulates differences in relaxation of freely mobile
unbound water protons, immobile protons with
restricted motion (macromolecular pool), and
protons at the boundary, where exchange of mag-
netization transfer occurs (Yousem and Grossman

2010). When MT pulses are applied to the macro-
molecular pool, some of this energy is transferred
to the free water pool, which would partially sat-
urate, resulting in reduced signal due to the MT
effect. The MT effect can be quantified by obtain-
ing two sets of images, one before the MT pulse
(x) and the other with the MT pulse (y), and sub-
sequently subtracting them digitally (x — y). The
magnetization transfer ratio (MTR) for a given
voxel is then taken to be (x — y)/x. MT imaging is
used most frequently in time-of-flight (TOF)
magnetic resonance angiography (MRA) to sup-
press the signal intensity of the background brain,
thus improving visualization of the vessels. In
combination with contrast-enhanced MRI, it also
improves conspicuity of white matter-enhancing
lesions with its greater suppression of white mat-
ter signal compared to gray matter (Yousem and
Grossman 2010).

TOF MRA or MRV is an MRI technique
used to visualize flow within arteries and veins,
respectively, using a GRE sequence, without
the need for intravenous contrast administra-
tion. In TOF imaging, unsaturated spins mov-
ing into the image slice have high signal, while
the saturated stationary ones have low signal;
this effect is thus termed flow-related enhance-
ment. The source images are then postprocessed
using different algorithms to depict only flow-
ing blood, seen as the brightest pixels, and pro-
jected in any plane to better demonstrate the
vascular anatomy in multiple views (Yousem
and Grossman 2010).

When dynamic contrast-enhanced GRE
T1-weighted sequences are performed to acquire
contrast-enhanced MRA/MRV images, sequen-
tial images in different phases are obtained; the
“first-pass” images are acquired in the arterial
phase in the vessel of interest, and subsequent
images acquired have varying degrees of mixed
arterial and venous enhancement. From these,
arterial as well as selective venous phase studies
in the vein of interest may be obtained by sub-
tracting the arterial phase study from the mixed
arterial and venous phase study. The use of
Gd-based contrast agent results in blood appear-
ing bright.
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2.6.3 Patient Positioning and Coils

It is imperative that the patient is in a comfortable
position for the relatively long duration of the
MRI scan. Typically, patients lie supine, “head
in” first into the scanner gantry. The “feet in” first
position is used when imaging the lower extrem-
ity and may be attempted in patients who are
claustrophobic when imaging the spine and abdo-
men. Other positions may be adopted according
to clinical circumstances, e.g., decubitus position
for a patient with kyphosis. Pads, sponges, straps,
and other mobilizing devices may be used to help
the patient to keep still and maintain their posi-
tion on the MRI couch.

Once within the bore of the magnet, the patient
is surrounded by a series of coils, each with its
own function. Working from outwards to inwards,
the outermost coils are shim coils, which are fine-
tuned to improve magnet field homogeneity and
maintain as uniform a main magnetic field as
possible throughout the imaging process. The
role of gradient coils is primarily to allow spatial
encoding of the MRI signal. Lastly, the RF coil
can be used as a transmitter, generating RF mag-
netic field pulses perpendicular to the static main
magnetic field, and/or used as a receiver for
detecting the MRI signal emitted by the excited
hydrogen protons within the tissues in the body
part under examination. RF coils may also be
grouped into volume and surface coils.

There are several types of RF coils including
the following:

1. Volume coils: These are designed to provide
homogeneous RF excitation across a large
volume, thus providing a better magnetic field
homogeneity compared to surface coils. The
largest volume coil is the standard body coil,
which is both a transmit and receive coil,
incorporated as part of the scanner and used in
imaging large parts of the body, such as the
abdomen, pelvis, and chest. The smaller vol-
ume coils, for example, the head coil, also
both a transmit and receive coil, are used in
imaging of the brain. Small-volume coils are
also used in imaging of the neck, cervical
spine, and extremities, e.g., in the knee and
wrist.

2. Surface coils are receiver coils placed as close
as possible to the region of concern to be
imaged, e.g., the orbits, in order to maximize
the signal and obtain a high signal-to-noise
ratio (SNR) and resolution. The drawback to
this coil is its small FOV, which has been
overcome by the advent of phased array coils.

3. Phased array coils are receive-only RF coils
made up of a collection of four or more receiver
coils, which together form a larger array. The
individually received signals are combined to
increase the SNR with a larger FOV, with all
data acquired in a single sequence. An example
of such usage will be MRI of multiple seg-
ments of the spine (Asher et al. 2010).

2.6.4 MRIProtocols
As a general principle, MRI protocols are
designed with the aim of providing answers to the
clinical problem by comprehensively evaluating
the area of interest, yet in a timely and cost-
effective manner. Besides coil selection to cover
the specified region of interest and using the cor-
rect sequences, several other parameters have to
be applied to achieve the best possible images,
including the ideal imaging planes, FOV size,
slice thickness, and interslice gap. It is worthwhile
to emphasize the importance of having the radi-
ologist available to review the images on comple-
tion of the scans, with the view of protocol
modification, e.g., adding extra or special
sequences, extending the scan region of interest,
and assessing the need for contrast enhancement.
Routine MRI protocols will differ among
institutions and the requirements of individual
clinical practices. These differences will not be
marked if MRI principles are followed. Even in a
single institution, the MRI protocols will not be
exactly the same. For example, in our depart-
ment, we have MRI scanners from different man-
ufacturers and magnets of 1.5 T and 3.0 T field
strengths. In the following paragraphs, we have
provided sample MRI protocols for the Siemens
Avanto 1.5 T scanner in our institution that are
used for imaging of suspected infection in vari-
ous parts of the body. Note that the turbo inver-
sion recovery magnitude (TIRM) sequence is the
Siemens equivalent to the STIR sequence.
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In imaging the spine in a patient with suspected
tuberculous infection, we use a phased array coil
system for spine imaging that is built into the
table of the MRI machine, allowing imaging of
multiple segments of the spine. For the cervical
spine, there is an option to add an additional neck
matrix coil, with multisegment attachment, that
integrates with the spine coil and will produce
better quality images (Leow et al. 2021). The scan
coverage should cover the entire spinal area of
interest, i.e., from above the craniocervical junc-
tion to T4 vertebral level in the cervical spine;
C6-L1 vertebral levels in the thoracic spine; and
T10-S4 levels in the lumbar spine. A sagittal
localizer image of the entire spine is first obtained
in order to correctly identify the vertebral levels
and the presence of a transitional lumbosacral
vertebral segment (Peh et al. 1999). MRI proto-
cols for the cervical, thoracic, and lumbar spine
are listed in Tables 1-3.

Patients undergoing MRI of the brain and/or
neck for suspected intracranial and head and neck
TB are imaged using a combined head/neck coil,
or a head coil for the brain and a neck coil for the
neck, depending on the MRI machine used.
These coils are volume coils that both transmit
and receive RF signals. For the brain, the scan
coverage should extend at least 1 cm above the
vertex of the skull and through the skull base, in
its craniocaudal extent, and cover both ears from
side to side. For the head and neck, the scan cov-
erage is from the frontal sinus to the distal sterno-
clavicular joint. MRI protocols for patients in
whom brain and head and neck TB is suspected
are listed in Tables 4 and 5.

Generally, when assessing for abdominal, gas-
trointestinal, and urogenital TB, as well as tuber-
culous lymphadenopathy, CT is the preferred
imaging modality. MRI of the abdomen is
reserved for patients in whom CT is contraindi-
cated. In our institution, MRI of the liver, pan-
creas, or kidneys is wusually reserved for
troubleshooting and further characterization of a
known lesion that has already been detected with
US imaging or CT. A body coil is used when
acquiring an MRI of the abdomen or MR urogra-
phy. The coverage for MRI of the abdomen
should include the liver and extend through the

lower abdomen, clearing the inferior poles of the
kidneys. MR urography covers the entire urinary
tract, extending from the superior poles of the
kidneys to the urinary bladder. Dynamic
contrast-enhanced images of the kidneys are
acquired, in addition to delayed imaging in the
excretory phase with contrast opacification of the
ureters and urinary bladder. Protocols of an MRI
of the abdomen and MR urography are listed in
Tables 6 and 7.

MRI is the imaging modality of choice for
imaging musculoskeletal TB. A large selection
of coils may be used, tailored to the area of inter-
est. This may range from using a whole-body
coil to image extensive necrotizing fasciitis of
the thigh to a dedicated wrist coil for tuberculous
arthritis of the radiocarpal joint. As a principle,
images are acquired in two orthogonal planes
(usually axial plus either sagittal or coronal) as a
minimum for lesions in or around long bones
and three orthogonal planes for complex joints
(e.g., ankle and knee). In our practice, intrave-
nous Gd-based contrast agent is administered
routinely as we have found that the additional
information it provides enhances diagnostic con-
fidence. Sample protocols for MRI of the upper
limb long bones are listed in Tables 8 and 9.

2.6.5 Disadvantages and Pitfalls
of MRI

MRI is generally less accessible, usually has lon-
ger waiting times, and is costlier compared to
CT. The long acquisition times of MRI require
the patient to lie still in the magnet for a relatively
long time, and it is hence not ideal for patients
with claustrophobia. It may also be difficult to
image young children or patients with altered
mental status, without first giving sedation.
Motion blurring occurs and degrades the MR
images, should the patient find it difficult to stay
still throughout the duration of the study or hold
their breath at the appropriate times. This is par-
ticularly important in imaging of the abdomen
when breathing motion artifacts limit assessment
of the solid organs, peritoneum, and lymph
nodes.

It may also not be possible for patients with
certain MRI-incompatible implants and foreign
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bodies to obtain an MRI. Some of these include
the following:

1. Temporary transvenous pacing wires and
abandoned intracardiac pacing wires are
absolute contraindications, as current induced
by RF pulses could result in thermal injuries.

2. Insulin pumps, as well as other drug infusion
pumps for chemotherapy and analgesic
agents, must also be removed prior to MRI as
they may malfunction.

3. Certain catheters come with known metallic
components, e.g., Swan-Ganz catheter.

4. Implantable neurostimulation systems, e.g.,
deep brain stimulators: There is the risk of
possible thermal injury along wires and mal-
function of the device.

5. Known metallic foreign bodies in the eye
could heat up, move, or be displaced during
MR, resulting in injury to the eye and adja-
cent structures. When in doubt, a radiograph
of the orbits should be obtained to search for
these metallic objects. This search should also
be applied to known metallic fragments else-
where in the body, e.g., bullets, pellets, and
metal shrapnel.

6. Smart contact lenses, which are used to record
continuous intraocular pressures to guide
glaucoma treatment, may result in thermal
injury to the eye and must be removed.

This list is not exhaustive, and certain cardiac
pacemakers, implantable cardioverter defibrilla-
tors, and cardiac monitors, as well as aneurysm
clips, intraocular lenses, and cochlear implants,
are deemed unsafe. The exact model of all known
implants, prostheses, and devices should be cross-
checked for MR compatibility prior to MRI.

As the more recent implants and prostheses
are usually MR compatible, MRI is now possible
for many patients with implants. Despite this,
interpretation of MR images may still be chal-
lenging, due to image distortion or artifacts relat-
ing to or surrounding the implant or prostheses.
This is particularly important when assessing a
joint, extremity, or spine in the context of muscu-
loskeletal TB. Many of these artifacts (e.g., mag-
netic susceptibility (Fig. 16), motion (Fig. 17),
CSF flow, truncation) can be identified, reduced,

Fig. 16 Susceptibility artifacts. (a) Axial and (b) coronal
MR images of the pelvis show susceptibility artifacts due
to a left hip prosthesis. The large area of signal void pro-
duced by the susceptibility artifact prevents assessment of
the affected region

Fig. 17 Motion artifacts. Axial MR image of the liver
shows severe motion blurring, making detection of any
abnormality difficult. The patient was unable to breath hold

or corrected by various measures and techniques
(Peh and Chan 2001; Shikhare et al. 2014).

It is important to note that some Gd-based con-
trast agents have been linked to a very small inci-
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dence of nephrogenic systemic fibrosis, a rare
debilitating systemic fibrotic condition seen in
patients with renal dysfunction (Kaewlai and
Abujuneh 2012). Recognizing this disease is very
important as it is progressive, potentially fatal and
may affect multiple organs. In patients with renal
impairment, the prolonged excretory half-life of
these agents increases the likelihood of deposition
of Gd ions in the skin, bone, liver, and brain. This
results in hardening of the skin, contractures, and
involvement of the skeletal muscles, including the
diaphragm, causing respiratory failure.

In patients with a normal renal function, Gd is
excreted by the kidneys with a half-life of 90 min.
Current practice requires determining the neces-
sity of intravenous Gd-based contrast administra-
tion in answering the clinical question. Assessment
of the renal function is recommended in patients
not undergoing dialysis and not having acute kid-
ney injury, and according to which type of
Gd-based contrast agent is used (Mathur et al.
2020). According to the consensus statement by
the American College of Radiology and National
Kidney Foundation, since the risk of nephrogenic
systemic fibrosis is so low with Gd-based contrast
media, the potential harms of delaying or with-
holding contrast administration for MRI in a
patient with acute kidney injury or estimated glo-
merular filtration rate less than 30 ml/min per
1.73m? are likely to outweigh the risk in most
clinical situations (Weinreb et al. 2021).

2.7 Nuclear Medicine Imaging
Nuclear medicine imaging is based on the use
of radiopharmaceuticals, which are chemical
compounds labeled with single-photon-emit-
ting radioisotopes such as technetium-99m
(*™Tc) or positron-emitting isotopes such as
[fluorine-18]-fluoro-2-deoxy-p-glucose  ('*F-
FDG). In general, nuclear imaging is rarely
used to diagnose active TB, and its impact on
the clinical care of patients with TB is limited.
However, 8F-FDG positron-emission tomogra-
phy (PET)/CT is an important non-invasive
method for assessing disease activity, detecting
extrapulmonary TB, and determining the treat-
ment response (Sathekge et al. 2012).

2.7.1 Conventional Nuclear Medicine
Imaging Techniques

The most commonly used and studied single-
photon-emitting tracers for the diagnosis and
management of TB are thallium-201 chloride
(*'Tl-chloride), gallium-67 citrate (“’Ga-citrate),
PmTe-sestamibi, and **"Tc-tetrofosmin. **™Tc-
methylene diphosphonate (***Tc-MDP) bone
scintigraphy is used to evaluate spinal TB, even

though it is non-specific.

2.7.1.1 Thallium-201 Scintigraphy
2IT]-chloride scintigraphy is usually done in dual
phases, with the early phase around 15 min and
delayed phase around 3 h after injection. It has
the potential to differentiate benign from malig-
nant pulmonary lesions. Ratios of uptake are cal-
culated from the early and delayed tracer uptake,
compared to the normal contralateral lung in both
phases. The retention index of the lesion, derived
from the formula (delayed ratio — early ratio)/
(early ratio) x 100%, is significantly different for
benign lesions and malignant lesions. The reten-
tion index of benign lesions, including tuberculo-
mas, has been found to be significantly low,
compared to that of malignant lesions (Suga et al.
1993; Yu et al. 2004). The combination of HRCT
and thallium-201 scintigraphy is more useful and
relevant clinically, with improvement of sensitiv-
ity and specificity to near 100% (Kashimada
1998).

5’Ga-Citrate and **Tc-MDP
Scintigraphy

’Ga-citrate scintigraphy has a high sensitivity to
diagnose suspected active pulmonary TB but has
limited specificity. The degree of tracer uptake is
proportionally related to the bacterial load in the
sputum. This technique is better than chest radio-
graphs and fairly similar to HRCT and
2IT]-chloride scintigraphy in detecting paren-
chymal lesions. They are especially useful in the
subgroups of patients with TB who are sputum
negative and have disseminated, military, or dif-
fuse pulmonary involvement. ®Ga-citrate
scintigraphy can also correctly predict the
involvement of extrapulmonary sites of TB, such
as the spine, peritoneum, and lymph nodes, effi-
ciently (Sathekge et al. 2012). " Tc-MDP and/or

2.7.1.2
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9’Ga-citrate are the most commonly used tracers
in spinal TB.

These methods are sensitive and permit
whole-body evaluation, but are less specific and
have poor spatial resolution. Their limitations
can be overcome and improved by single-photon
emission computed tomography (SPECT)/CT
which provide better resolution and anatomical
localization. The three-phase bone scan can eval-
uate the inflammatory process associated with
intense infections of early stage and identify bone
remodeling associated with late-stage spondyli-
tis. Combination of ®Ga-citrate scintigraphy
with bone scan efficiently diagnoses both osse-
ous and soft tissue infections, monitors therapeu-
tic response, and detects reactivation
(Rivas-Garcia et al. 2013).

2.7.1.3 Other Single-Photon-Emitting
Radiopharmaceuticals

PmTc-sestamibi and " Tc-tetrofosmin have been
studied extensively for the evaluation of pulmo-
nary TB and have been found to show increased
uptake in active lesions, proportional to the dis-
ease activity. Hence, they can be used for differ-
entiation between active and inactive disease and
to monitor the therapeutic response with good
negative predictive value (Ahmadihosseini et al.
2008). Multiple radioisotopes, such as
N-isopropyl-p-[1#]] iodoamphetamine  (*’I-
IMP), *mTc-dimercapto succinic acid (*™Tc-
DMSA), *"Tc-glucoheptonate, indium-111
octreotide (""In-octreotide), 9OmTe-
hexamethylpropyleneamine oxime-white blood
cell (®"Tc-HMPAO-WBC), *"Tc-ciprofloxacin,
and *"Tc-ethyl cysteinate dimer (*™Tc-ECD),
have been studied for the evaluation of pulmo-
nary and extrapulmonary TB, with variable
results produced with nominal clinical impact
(Sathekge et al. 2012).

Recently, *™Tc-ethambutol has been evalu-
ated for its diagnostic value in TB, as it specifi-
cally binds to mycolic acid in the cell wall of the
M. tuberculosis bacteria. Early results have been
promising with good sensitivity, specificity, and
diagnostic accuracy. *Tc-ethambutol scintigra-
phy can detect and localize both pulmonary and
extrapulmonary TB. This procedure has no side

effects and can be performed safely, even in pedi-
atric patients (Kartamihardja et al. 2018).

2.7.2 Positron-Emission
Tomography/CT

2.7.2.1 '8F-FDGPET/CT

BE-FDG is used in the diagnosis of TB, based on
its ability to detect increased glucose metabo-
lism occurring in the disease process, due to
increased macrophage and neutrophil activity.
BF-FDG PET/CT is sensitive for detecting dis-
eases such as TB, which can cause both acute
and chronic infections and relative uptake quan-
tification. Standard uptake value (SUV) mea-
surement can be used to distinguish between
residual active and inactive lesions. Although
morphological imaging is the current corner-
stone for diagnosing and staging TB, ®F-FDG
PET/CT has been evaluated and proven to be a
valuable adjunct for differentiation of active and
nonactive lesions, monitoring the treatment
response and follow-up (Sathekge et al. 2012;
Vorster et al. 2014).

2.7.2.2 Evaluation of Active and Inactive
Disease

There are two different patterns of '*F-FDG PET
activity in TB, namely the pulmonary pattern and
the lymphatic pattern. In the pulmonary pattern,
BE-FDG uptake is primarily seen in cavitary and
noncavitary  consolidation and  adjacent
micronodules, with mild-to-moderate uptake in
mediastinal and hilar lymph nodes. In the lym-
phatic pattern, increased "*F-FDG uptake is seen
in the enlarged mediastinal and hilar lymph nodes
and at extrapulmonary sites of involvement
(Fig. 18) (Soussan et al. 2012).

Active pulmonary tuberculomas usually have
significant '"F-FDG uptake with SUVmax
greater than 4. Double-phase acquisition of '8F-
FDG PET/CT acquired at 60 and 120 min
postinjection can better differentiate active from
inactive lesions, with analysis of multiple-point
SUV (SUVmaxg — early phase, SUVmaxp —
delayed phase, %DeltaSUVmax — difference).
With SUVmaxg of 1.05, SUVmax, of 0.97, and
%DeltaSUVmax of 6.59 as cutoff values, active
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Fig. 18 Disseminated tuberculosis. (a) Whole-body PET
MIP image shows increased '*F-FDG uptake in the right
cervicothoracic region and superior mediastinum. Faintly
increased '*F-FDG uptake is seen in left hypochondrium.
Corresponding (b—j) axial CT, fusion PET/CT, and axial
PET images show increased tracer uptake in the conglom-
erate right supraclavicular lymphadenopathy (b-d), right

and inactive lesions can be differentiated with a
specificity of 100% (Goo et al. 2000; Kim et al.
2008). Similarly, dual-phase F-FDG PET/CT is
also helpful in identifying extrapulmonary sites
of TB with more diagnostic accuracy. In a study
conducted on 16 patients with TB, F-FDG
PET/CT identified sites of lymph node, bone,
and joint involvement, which were initially
missed on CT (Sathekge et al. 2010a).

2.7.2.3 Differentiation of Malignant
Lesions and Tuberculoma

Increased "F-FDG uptake is non-specific for
tumors, as well as infectious and inflammatory
conditions. '8F-FDG-avid lesions in the
TB-endemic regions are always a diagnostic
challenge for differentiating between neoplasm
and tuberculoma. Unfortunately, there is no sig-
nificant difference between the SUVmax values
of tuberculomas and malignant nodules, and '8F-
FDG PET/CT cannot confidentially differentiate
them. The SUV values of involved lymph nodes
in TB and malignancy are also not statistically
different. Sathegke et al. (2010b) found the

paratracheal lymph node and consolidation in the medial
right upper lobe medially (e-g), and omental nodule in
left hypochondrium (h—j). These lesions in pulmonary
and extrapulmonary locations of disseminated tuberculo-
sis are arrowed (courtesy of Dr. Godwin Jeeva, Gemini
Scans, Chennai, India)

SUVmean values of involved lymph node basins
to be 6.5 (3.4-9.2 range) in TB and 8.0 (2.5-20.1
range) for malignancy, with significant overlap.
These findings are in agreement with the data
derived from other studies conducted for the
same purpose. Hence, we can safely conclude
that "F-FDG PET/CT is not indicated for differ-
entiating malignancy from TB (Fig. 19) (Chen
et al. 2008; Sathekge et al. 2010b).

2.7.2.4 Monitoring Treatment Response
and Follow-Up

This is the most accepted and important clinical
application of F-FDG PET/CT in patients
with TB. After completion of treatment,
morphological changes of response such as
reduction in size and decrease in enhancement
often take a longer time to manifest. In endemic
areas where multidrug-resistant TB is common,
assessment of the treatment response at an early
stage is needed, so as to facilitate change or
modification of treatment in nonresponders. As
there is correlation between decrease in 'SF-
FDG uptake and successful treatment, quantita-



96

T.S.F.Teoetal.

Fig. 19 Patient with known right buccal carcinoma and
concomitant pulmonary tuberculosis. Axial (a) CT and
(b) fusion PET/CT images show increased "F-FDG
uptake at the site of the primary malignancy (arrow).
Staging axial (¢) CT, (d) PET, and (e and f) fusion PET/
CT images taken in (e) lung and (f) soft tissue window
settings show increased '®F-FDG uptake within an irregu-

tive PET assessment is helpful to evaluate the
treatment response. Some lesions may even
increase in size, instead of decreasing in size,
with good treatment response. In those patients,
decreased BF-FDG activity in those lesions
likely suggests that the tuberculoma is respon-
sive to anti-TB treatment and current treatment
should be continued. Similarly, the SUVmax of
the involved lymph node basins is significantly
higher in pre-treatment scans and interim scans
in nonresponders. The metabolic response may
indicate clinical response and guide the duration
of the antimicrobial therapy (Park et al. 2008;
Sathekge et al. 2013; Vorster et al. 2014).

2.7.2.5 Other Positron-Emitting Tracers

Various other positron-emitting tracers, including
HC-choline, “®F-fluorothymidine (‘F-FLT), and
gallium-68 (®®Ga), have been investigated for
diagnosis of TB. Among them, early results of
"C-choline have been encouraging. Hara et al.

[ S—

lar spiculated nodule with small cavitation in the left
upper lobe. This was indeterminate for metastases and
active tuberculosis. Subsequent histological examination
revealed the left lung nodule to be due to tuberculous
infection (courtesy of Dr. Godwin Jeeva, Gemini Scans,
Chennai, India)

(2003) concluded that combined use of “F-FDG
PET/CT and '"'C-choline PET/CT can differenti-
ate lung cancers, TB, and atypical mycobacterial
infections.

2.8 Interventional Radiology
Interventional radiology has a role, not only in
establishing the diagnosis, but also in the man-
agement of TB (Nachiappan et al. 2017).

2.8.1 Percutaneous Biopsy

Tissue diagnosis is needed when the imaging fea-
tures are not classical of TB or mimic other infec-
tions or neoplasms. Specimens should be sent for
histology, acid-fast bacilli (AFB) staining, and
culture. If there is a lack of AFB, differentiating
TB from other granulomatous lymphadenitis
could be challenging. Polymerase chain reaction
(PCR) testing of lymph node tissue for
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Fig. 20 High-resolution US image shows an enlarged
cervical lymph node with biopsy needle in situ

M. tuberculosis may help in the final diagnosis.
Biopsy or aspiration can be performed under
imaging guidance, depending upon the region.
For superficially located lesions such as lymph
nodes in the head and neck region, US imaging is
the modality of choice (Fig. 20). However, for
deep-seated lesions such as mediastinal lymph-
adenopathy or retroperitoneal lymphadenopathy,
CT guidance is necessary. CT is usually also
needed when a biopsy is required in the musculo-
skeletal system.

2.8.1.1 General Principles

Informed consent should be obtained from the
patient. The procedure can be performed under
local anesthesia, with or without moderate seda-
tion. Care should be taken with the dosage of
these medications in elderly patients. The labora-
tory test values, especially full blood counts and
clotting profile, should be carefully noted, and
they should be within the acceptable range.
Relative contraindications include significant
coagulopathy, low platelet count (less than
50,000/mm?), severely compromised cardiopul-
monary function, inaccessible sites or lack of
safe pathway, and patient’s inability to cooperate
during the procedure.
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2.8.1.2 Imaging Guidance

The biopsy can be performed by US imaging
guidance in superficial lesions such as enlarged
lymph nodes in the neck (Fig. 20). US imaging
is preferred for superficial lesions because of
multiple advantages such as real-time imaging,
low cost, absence of ionizing radiation hazard,
and dynamic imaging capabilities. Color
Doppler US imaging aids in assessing the vas-
cularity of the lesion and location of vessels
along the needle trajectory or that lie close to
the lesion.

CT guidance is preferred for deep-seated
lesions such as enlarged lymph nodes in the
mediastinum or abdomen or focal lesions in the
lungs. Fluoroscopy or CT can be used for
biopsy in the musculoskeletal system, such as
spine lesions. However, CT is the imaging
modality of choice as it enables precise local-
ization and is safer compared to fluoroscopy,
especially to avoid vital structures such as
nerves and blood vessels. The technique of CT
fluoroscopy uses less radiation dose and tracks
the needle almost close to real time. Up to six
frames per second can be reconstructed while
performing CT fluoroscopy. A viewing monitor
is usually set up within the CT suite. The CT
couch can be moved using the console or oper-
ated manually, and image acquisition is usually
done with a foot switch. The needle tip can be
tracked by looking for low-attenuation beam
hardening artifacts. Most often, the needle is
inserted perpendicularly in the axial plane.
Rarely, the angulated approach may be neces-
sary to reach the target.

2.8.1.3 Tools and Techniques
for Percutaneous Biopsy

Fine-needle aspiration samples are often too small,
and usually core biopsy is preferred. For FNAC,
needles of sizes 20-22G are preferred. Core nee-
dle biopsies are often performed with needles of
sizes 16-20G, with larger caliber outer coaxial
needles. The length of the “throw” or distance
advanced by the needle after firing is indicated on
the needle package and should be selected care-
fully. For example, if the lesion is 1.5 cm in diam-
eter, a 1 cm throw needle can be safely used. The
coaxial needle is usually introduced first, and the
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spring-loaded cutting needle is then advanced
through the coaxial needle. This avoids multiple
punctures. If there is excessive bleeding from the
outer coaxial needle after biopsy, the track can be
sealed with a Gelfoam plug. If pneumothorax
occurs during a lung biopsy, a wire can be inserted
through the coaxial needle and a drainage catheter
inserted over the wire.

For bone lesions with shell of overlying bone,
the cortex is penetrated with a trephine needle
(14.5 or 15G), and then a cutting needle can be
inserted using a coaxial technique to obtain the
tissue sample. If the lesion is completely scle-
rotic or is an osteolytic lesion with a predominant
bone component, then the lesion is sampled with
a trephine needle. The cortex is penetrated by a

Fig. 21 Tuberculous spondylodiscitis of the thoracic
spine. (a) Axial contrast-enhanced CT image shows a
large paraspinal abscess (arrowheads). (b) Axial unen-
hanced CT image obtained postdrainage of the abscess

shows a drainage catheter in the abscess cavity. Frontal
radiographs obtained (c¢) before and (d) after drainage of
the paraspinal collection (black arrow)
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corkscrew rotational motion of the trephine nee-
dle with a diamond-tip stylet. After penetration
of the cortex, when the margin of the bone lesion
is reached, the stylet is removed and a syringe is
attached. The plunger is withdrawn to create a
vacuum. A jiggling motion is applied to dislodge
the tissue when the vacuum is being applied. The
plunger is then released, and the needle is
removed. The tissue sample, which is usually
present within the needle, is removed with the
help of a blunt stylet. Intermittent CT fluoro-
scopic screening should be performed when the
needle is advanced. Multiple passes should be
obtained with needle directed in different direc-
tions to obtain samples in different parts of the
lesion.

2.8.2 Drainage and Aspiration
of Collections

Drainage of collections can be performed under
US imaging or CT guidance (Yin et al. 2015).
When US imaging guidance is used, fluoroscopy
can be utilized to position the catheter in the
desired location. For large uncomplicated pleural
collections, direct trocar puncture technique can

be used under US imaging guidance. However,
for deep-seated or complex collections, drainage
catheters can be inserted by the Seldinger tech-
nique. Initially, the collection is accessed under
US imaging or CT guidance by a 18G or 21G
needle, and the track is dilated to accommodate
an 8Fr or 10Fr pigtail drain. For deep-seated
abdominal, paraspinal, or mediastinal collec-
tions, CT guidance is preferred (Fig. 21).

2.8.3 Embolization for Hemoptysis

Embolization is the initial treatment of choice in
patients with pulmonary TB presenting with
massive hemoptysis  (approximately 200-
1000 ml over a 24-h period). Massive hemoptysis
results from a hypertrophied bronchial artery or
nonbronchial systemic collaterals supplying the
diseased lung (Fig. 22). Rarely, aneurysms from
the pulmonary artery (Rasmussen aneurysm) can
be the cause of bleeding (Seedat and Seedat
2018) (Fig. 23). Contrast-enhanced CT obtained
in the arterial phase is helpful to identify the
source of hemoptysis. CT helps assess the degree
of lung damage and shows the anatomy and
course of hypertrophied bronchial arteries. If CT

Fig. 22 Post-primary pulmonary tuberculosis involving
the upper lobe of the right lung in a 68-year-old woman
who presented with massive hemoptysis. (a) Selective
bronchial angiogram shows a hypertrophied and tortuous
right bronchial artery supplying the right lung (long

arrow). (b) Postembolization angiogram of the right bron-
chial artery (short arrow) shows absent flow distally.
Patient did not have further episodes of hemoptysis after
embolization
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Fig. 23 Rasmussen aneurysm in a 34-year-old man with
post-primary pulmonary tuberculosis who presented with
massive hemoptysis. (a) Coronal contrast-enhanced CT
and (b) selective right pulmonary angiogram images show
a small Rasmussen aneurysm arising from the distal right

lower lobe pulmonary artery, along the margin of a cavi-
tary lesion (arrow). Corresponding (c) coronal contrast-
enhanced CT and (d) selective right pulmonary angiogram
images show successful embolization (arrow). Patient had
resolution of hemoptysis after coil embolization
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is not performed, an aortic angiogram using a
pigtail catheter may be performed to identify the
bronchial arteries. Endovascular stenting with
stent-grafts together with anti-TB drug therapy
has been reported to be an alternative to tradi-
tional open surgery in patients with mycotic
aneurysms of major arteries caused by TB (Zhao
et al. 2019). Deployment of such stent-grafts is
usually done in the angiography suite under fluo-
roscopic guidance.

3 Conclusion

The role of imaging in the diagnosis of TB com-
plements the clinical and laboratory findings. Its
vast role also extends to assessment of the extent
of disease and its complications, monitoring the
disease response to treatment and detecting resid-
ual disease at the end of therapy, as well as guid-
ing biopsies and therapeutic drainage.
Conventional radiographs are important as an
initial tool for screening, while CT and/or MRI
are necessary for further cross-sectional assess-
ment. Each of these modalities has its own advan-
tages, disadvantages, and limitations; thus, the
modality of choice varies based on clinical indi-
cations and should be catered to each individual
patient. In the absence of known contraindica-
tions, CT remains the modality of choice in
detailed evaluation of pulmonary, abdominal,
urinary tract, and head and neck TB, while MRI
is the preferred choice in the assessment of intra-
cranial, spinal, and musculoskeletal TB. Other
imaging modalities, such as US imaging and '*F-
FDG PET/CT, may be selectively employed in
the management of patients with TB.
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Central nervous system tuberculosis is a serious
infection, comprising approximately 10% of all
cases of tuberculosis. It is a potentially curable
disease, provided that the diagnosis is timely. Its
clinical and radiological manifestations may
mimic other infectious and non-infectious neu-
rological conditions. Hence, familiarity with the
imaging presentations of the various forms of
central nervous system tuberculosis is essential
to achieve an early diagnosis, thereby reducing
the disease morbidity and mortality. This chap-
ter reviews the imaging characteristics of the
different forms of central nervous system tuber-
culosis involving the brain and the intradural
component of the spine.
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Abbreviations

AFB Acid-fast bacilli

CNS Central nervous system

CSF Cerebrospinal fluid

CT Computed tomography

DWI Diffusion-weighted imaging
FLAIR Fluid-attenuated inversion recovery
MRI Magnetic resonance imaging
TB Tuberculosis

TBA Tuberculous brain abscess
TBM Tuberculous meningitis

1 Introduction

Central nervous system (CNS) tuberculosis
(TB) has a worse outcome than pulmonary TB,
especially with delayed treatment (Verdon et al.
1996; Wilkinson et al. 2017). 5-10% of all
patients with TB and up to 20% of patients with
acquired immunodeficiency syndrome (AIDS)-
related TB have CNS involvement (Taheri et al.
2015). The clinical and radiological manifesta-
tions of CNS TB may mimic other infectious
and non-infectious neurological conditions,
such as brain tumors. Therefore, comprehen-
sive knowledge of the imaging presentations of
CNS TB is essential for prompt and accurate
diagnosis of this entity. This chapter describes
the different forms of CNS TB, including men-
ingitis and parenchymal TB, and addresses spi-
nal intradural TB. Spinal extradural tuberculous
infections will be covered in the Chapter on
Spinal Tuberculosis.

2 Epidemiology

Mycobacterium tuberculosis is a very important
human pathogen and most often affects the
lungs. M. africanum causes up to half of human
TB in West Africa (De Jong et al. 2010). People
infected with M. tuberculosis have a 5-15% life-
time risk of falling ill with TB. However, immu-
nocompromised individuals such as people
living with human immunodeficiency virus
(HIV), who have malnutrition or diabetes melli-

tus, or who use tobacco have a much higher risk
of falling ill with TB. The global incidence of
TB peaked around 2003 and appeared to be
declining slowly (World Health Organization
2019). According to the World Health
Organization (WHO), an estimated ten million
people fell ill with TB in 2019 globally; among
them, 7.1 million people were reported to be
newly diagnosed and notified (new and relapsed)
cases (World Health Organization 2020). TB
usually affects the lungs, but it can also affect
other body parts, such as the lymph nodes,
spine, bone and joints, brain, and kidneys.
Extrapulmonary TB occurred in 16% of the 7.1
million incident cases that were notified in 2019,
ranging from 8% in the Western Pacific Region
to 24% in the Eastern Mediterranean Region
(World Health Organization 2020).
Spondylodiscitis and meningitis represented
approximately 2% and 3%, respectively, of cases
(Robertson et al. 2019).

3 Pathophysiology of Central
Nervous System Tuberculosis

The initial point of TB infection is the entry of
bacilli into the lungs via inhalation of infectious
droplets. The bacteria then colonize macrophages
within the alveoli. During the progression of
active pulmonary disease, bacteria may dissemi-
nate to local lymph nodes and the bloodstream,
which results in the spread of bacilli throughout
the systemic circulatory system (Be et al. 2009).
In 1933, Arnold Rich and Howard McCordock
postulated that M. tuberculosis gets deposited in
the brain parenchyma and meninges during
hematogenous dissemination following primary
infection. They demonstrated that tuberculomas
or “Rich foci” develop around the deposited
mycobacteria. Later, the rupture of these foci
allows the dissemination of mycobacteria into
the cerebrospinal fluid (CSF), causing diffuse
inflammatory meningitis (Be et al. 2009; Davis
et al. 2019) (Fig. 1). The location of these foci
and the capacity to control them determine which
form of CNS TB occurs. CNS TB manifests pri-
marily as tuberculous meningitis (TBM) and less
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Systemic dissemination ¥

Entry of the bacilli into lungs

1: Rupture of Rich foci into the CSF causing meningitis

2: Enlargement of parenchymal Rich focus causing
tuberculoma

Fig. 1 Diagram shows the pathogenesis of CNS tuberculosis

commonly as tuberculous encephalitis, intracra-
nial tuberculoma, or tuberculous brain abscess
(TBA) (Rock et al. 2008).

3.1 Tuberculous Meningitis

A dense gelatinous exudate forms after the release
of tuberculous bacilli from granulomatous lesions
into the subarachnoid space. It is often located
anteriorly in the interpeduncular fossa and supra-
sellar region and may extend throughout the pre-
pontine cistern and surround the spinal cord. This
exudate envelops arteries and cranial nerves, cre-
ating a bottleneck in the flow of CSF at the level
of the tentorial opening, which leads to hydro-
cephalus. Tuberculous foci are not preferentially
distributed to the basilar areas of the brain where
the exudate is typically located. The localization
of tuberculous exudate to the basilar region is
hypothesized to be simply a result of the regular
flow pattern of CSF (Rich and McCordock 1933).
However, the most severe consequence of TBM is
the development of vasculitis in vessels of the
circle of Willis, the vertebrobasilar system, and
perforating branches of the middle cerebral artery,
resulting in infarctions in the distribution of these
vessels (Rock et al. 2008).

Rich focus
# L )
Oy | 1 N During primary infection,
1 | I ' M.tuberculosis gets deposited
| in brain parenchyma and
" 4 meninges

._/ -

W \ y
\
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3.2 Brain Tuberculoma

Tuberculomas are thought to arise when tuberculous
granulomas in the brain parenchyma enlarge with-
out rupturing into the subarachnoid space. Solitary
lesions are the most frequent presentation, but mul-
tiple tuberculomas may be seen (Rock et al. 2008).

3.3  Tuberculous Brain Abscess

Brain abscess formation is a rare manifestation of
CNS TB. TBA develops either from tuberculous
parenchymal granulomas or via the spread of
tuberculous foci from the meninges. It is charac-
terized by an encapsulated collection of pus con-
taining viable bacilli without evidence of the
classic tuberculous granuloma and must be dis-
tinguished from granuloma with central case-
ation and liquefaction mimicking pus (Kumar
et al. 2002; Rock et al. 2008).

34 Spinal Intradural Tuberculosis

Spinal TB can be extradural (64%), intramedul-
lary (8%), or intradural extramedullary (1%)
in location (Chaudhary et al. 2017). Spinal
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intradural TB may take various forms, including
tuberculous radiculomyelitis, myelitic tubercu-
loma, and spinal meningitis. The pathophysiol-
ogy of spinal meningitis is the same as described
earlier in tuberculous meningitis. During primary
infection, a submeningeal tubercle forms and
then ruptures into the subarachnoid space. This
causes inflammation, areas of caseation and
tubercles, and fibrous tissue development in
chronic or treated cases (Gupta and Kumar 2011).
The pathogenesis of tuberculous radiculomyelitis
can be explained in three ways: (1) primary lesion
from hematogenous spread of a tuberculous
infection outside the CNS, (2) secondary exten-
sion of cranial tuberculous meningoencephalitis,
and (3) secondary intraspinal extension from
tuberculous spondylitis. Myelitic tuberculomas
are very rare and arise from hematogenous dis-
semination (Bernaerts et al. 2003).

Spectrum of Lesions
in Central Nervous System
Tuberculosis

CNS TB can be broadly divided into (1) intracra-
nial and intradural spinal lesions and (2) paren-
chymal and nonparenchymal (meningeal)
patterns of involvement (Table 1). Any combina-
tion of these patterns can also occur.

5 Clinical Manifestations
The CNS manifestations of TB have the most

severe complications, resulting in high morbidity
and mortality rates, despite the availability of

Table 1 Spectrum of lesions in CNS tuberculosis

effective forms of treatment (Phypers et al. 2006).
CNS TB is an insidious disease and can have an
atypical clinical picture.

5.1 Intracranial Nonparenchymal

(Meningeal) Tuberculosis

TBM is the most common manifestation of CNS
TB overall, with the most frequent and the high-
est likelihood of an adverse outcome.
Approximately 50% of patients with TBM either
die or become disabled (Garg et al. 2016). In
most patients, prodromal stage one, typically
lasting 2-3 weeks, is characterized by the insidi-
ous onset of malaise, with a history of vague ill
health and non-specific prodromal symptoms
such as loss of appetite, fever, and headache. The
second stage of disease (or meningitic phase) fol-
lows meningismus, protracted headache, lethargy,
cranial nerve findings, and pyramidal signs. In
the third stage, stupor, coma, and seizures develop
(Cherian and Thomas 2011). In infants, the pro-
dromal phase is often shorter and includes irrita-
bility, drowsiness, poor feeding, abdominal pain,
and bulging fontanelles.

Cranial nerve palsies occur in up to 50% of
patients with TBM (Thakur et al. 2018). The
sixth cranial nerve is most commonly affected.
Hemiplegia may occur at the onset of the disease
or at a later stage. Movement disorders and ataxia
have been observed, more commonly in children
than in adults. Seizures may occur during acute
illness or months after treatment. For both sur-
vival and sequelae, the most critical determinant
of outcome is the stage of TBM at which treat-
ment has been started. About 20-30% of survi-

Parenchymal Nonparenchymal
Intracranial Tuberculoma Meningitis:
Miliary — Leptomeningitis
Abscess — Pachymeningitis
Encephalopathy Meningitis complications:
— Hydrocephalus
— Ventriculitis
— Vasculopathy
— Cranial nerve involvement
Spinal intradural Intramedullary tuberculoma Spinal meningitis
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vors manifest various neurological sequelae, with
the most important ones being mental retarda-
tion, psychiatric disorders, seizures, blindness,
deafness, ophthalmoplegia, and hemiparesis.
Intracranial calcifications develop in 20-48% of
patients with TBM, usually becoming detectable
2-3 years after the disease onset.

Examination of CSF greatly aids early diag-
nosis of TBM. Pleocytosis with lymphocytic
predominance reaction (60-400 white cells per
ml) with high protein levels (0.8—4 g/L) and low
glucose levels, usually less than 50% of serum
glucose concentration, are the hallmark findings
in the CSF of patients with TBM. The definitive
diagnosis of TBM depends upon the detection of
tuberculous bacilli in the CSF. Rates of positiv-
ity for clinically diagnosed cases range from
25% to 70%. Culture is necessary to identify M.
tuberculosis and test its sensitivity to anti-TB
drugs (Momjian and George 2014). The poly-
merase chain reaction (PCR) test is the best
method for diagnosing mycobacterial infection,
in which cDNA probes are used to identify
mycobacterial RNA or DNA sequences in
CSF. This test is highly sensitive and specific.
The intradermal tuberculin skin test is helpful
when positive. Quantiferon-TB Gold is a simple
blood test that aids in detecting M. tuberculosis
with high sensitivity of greater than 95% and
high specificity, using innovative CD8+ T cell
technology.

A variety of sequelae and complications may
result from TB. Hydrocephalus is the most
common complication of CNS TB and can be
either communicating or noncommunicating.
Hydrocephalus frequently develops in children
and is associated with a poor prognosis.
Communicating hydrocephalus is much more
frequent. Cerebrovascular complications are
detected in approximately 20—41% of patients
(Chatterjee et al. 2015). Tuberculous infection
shows a predilection to involve small and
medium-sized vessels, primarily in the territories
of the middle cerebral artery perforating vessels.
There is some evidence that vasospasm may
mediate strokes early in the course of the disease
(Lammie et al. 2009). Hemorrhagic transforma-
tion of infarcted tissue is not unusual (Changal

and Raina 2014). TBM can also lead to dural
venous sinus thrombosis and subsequent venous
infarcts.

Tuberculous arachnoiditis is a relatively com-
mon cause of myeloradiculopathy in countries
where TB is endemic. This involvement can
develop early in the course of TBM or after a
long duration. Frequently, there is clinical evi-
dence of multifocal radiculomyelopathy. The
CSF changes are those of chronic meningitis.
Frequently, the CSF glucose concentration is
normal. The onset is often gradual over one or
two months, marked by slowly progressive para-
paresis. Radicular pain, muscle weakness, pares-
thesia, and sphincter disorders can precede
paralysis, which usually develops within a few
days.

5.2 Intracranial Parenchymal

Tuberculosis

Parenchymal tuberculomas are the most common
form of intracranial parenchymal TB. They can
occur at any age. Characteristic clinical features
of supratentorial tuberculomas are low-grade
fever, headache, vomiting, seizures, focal
neurological deficit, and  papilledema.
Infratentorial tuberculomas are more common
among children. Brain abscesses have been
reported in 4-7.5% of patients with CNS TB in
developing countries (Changal and Raina 2014).
It is more common in immunocompromised
patients and patients at extremes of age. Clinical
features include focal seizures and raised intra-
cranial tension. Surgical exploration and drain-
age of pus from TBA may produce excellent
long-term results, better than with tuberculomas
(Be et al. 2009). Tuberculous encephalopathy
occurs especially in infants and children. The
characteristic features of this entity are develop-
ment of a diffuse cerebral disorder in the form of
convulsions, stupor, and coma, often without
signs of meningeal irritation or focal neurologi-
cal deficit associated with the disseminated intra-
vascular coagulation. The CSF is usually normal
or may show a slight increase in proteins and
cells.
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5.3 Spinal Intradural Tuberculosis
The manifestations of spinal intradural TB are
mainly meningeal and radicular involvement,
myelitis, intramedullary spinal tuberculoma, and
syringomyelia (Schaller et al. 2019). When CNS
TB involves the spinal cord, the progression can
be acute. Symptom duration at diagnosis may
vary from a few days to many months, depending
on the spinal pattern, with a median duration of
about five months. Approximately 27-47% of
patients with tuberculous spinal disease coexhibit
paraparesis. Common presenting features are
backache (62%), bladder—bowel involvement
(58%), paresthesia (18%), and fever (22%), asso-
ciated with weakness of either or both lower
limbs (91%) or all four limbs (9%) (Vaishnav
et al. 2019). Multiple sites in the spinal cord may
also be affected. Spinal intramedullary tubercu-
loma is a rare disease, occurring more frequently
in younger male patients. The prevalence of this
presentation has been reported to be
1-2/100,000 in patients with TB (Wang and Wu
2017). The clinical presentation remains largely
non-specific, and the most common symptoms
observed are those suggestive of subacute spinal
cord compression. The thoracic spine is impli-
cated in most cases of intramedullary tuberculo-
mas (Knobbe and Gaines 2020).

6 Imaging Features

The contribution of imaging to the diagnosis of
CNS TB is well established. MRI has a higher
sensitivity than CT for detecting abnormalities
such as meningeal enhancement, infarcts, and
tuberculomas, especially brainstem lesions. The
MRI protocol for CNS TB should include
T1-weighted, T2-weighted, and fluid-attenuated
inversion recovery (FLAIR) sequences, as well
as magnetization transfer imaging (MTI),
susceptibility-weighted imaging (SWI),
diffusion-weighted imaging (DWI), and contrast-
enhanced T1-weighted images. In addition, the
inclusion of MR spectroscopy for lesions more
than 2 cm in size is recommended (Gupta and
Kumar 2011). Magnetic resonance angiography
(MRA) is routinely performed, and magnetic

resonance venography (MRV) may be used in
cases with suspected venous complications
(Khatri et al. 2018). Neuroimaging procedures
should include both the brain and spine, as con-
comitant intracranial and intraspinal involvement
is common.

6.1 Intracranial Tuberculosis

6.1.1 Tuberculous Meningitis

TBM is the most common manifestation of CNS
TB, being frequently seen in children and adoles-
cents (Raza et al. 2004; Chaudhary et al. 2017). It
is one of the most devastating presentations of
TB, constituting about 10% of all TB cases, and
is responsible for about 40% of deaths from TB
in developing countries (Zhang et al. 2019).
Approximately 70-80% of all patients with CNS
TB have TBM (Gupta and Kumar 2011).

6.1.1.1 Tuberculous Leptomeningitis
Exudates in the basal cisterns are the most spe-
cific manifestation of leptomeningeal TB. They
are commonly present in the interpeduncular
fossa and suprasellar, perimesencephalic, and
pontine cisterns. They frequently extend along
the inferomedial surface of the frontal lobes, the
anteromedial surface of the temporal lobes, the
floor of the third ventricle, and along the Sylvian
fissure (Khatri et al. 2018). Exudates appear iso-
or hyperdense on unenhanced CT and show
dense enhancement on contrast-enhanced
CT. Inflamed meninges in the basal cisterns also
show intense enhancement (Bernaerts et al. 2003;
Chaudhary et al. 2017). In severe TBM, lepto-
meningeal changes advance over the cerebral
convexities, and there is ependymitis in the ven-
tricular walls (Bernaerts et al. 2003).

MRI is more sensitive than CT in depicting
these abnormalities. Exudates are best appreci-
ated on FLAIR images. Meningeal enhancement
is present on contrast-enhanced MRI (Chaudhary
et al. 2017) (Fig. 2). This appearance is non-spe-
cific and has a broad differential diagnosis that
includes meningitis from other infective agents,
inflammatory diseases such as rheumatoid arthri-
tis and sarcoidosis, and meningeal carcinomato-
sis (Bernaerts et al. 2003). It has been
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Fig. 2 Intracranial tuberculous leptomeningitis. (a—d)
Axial contrast-enhanced T1-W MR images show multiple
enhancing nodules in the interpeduncular fossa (white
arrowheads), suprasellar cistern (white open arrows),

demonstrated that MTT is helpful, particularly in
cases of mild meningitis, and MT ratio (MTR)
quantification helps differentiate TBM from
nontuberculous meningeal inflammation. A low
MTR is specific for TBM (Ahluwalia et al. 2013;

ambient cistern (black solid arrows), cerebellomedullary
cisterns (black dashed arrows), floor of the fourth ventri-
cle (black arrowhead), and along the Sylvian fissure
(white arrows)

Khatri et al. 2018). Contrast-enhanced FLAIR
images have been reported to have a higher speci-
ficity compared to contrast-enhanced
T1-weighted images in the detection of lepto-
meningeal enhancement (Parmar et al. 2006;
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Fig. 3 Intracranial tuberculous ependymitis. (a—d) Axial
contrast-enhanced T1-W MR images show thick nodular
enhancement of the ependymal surfaces of the lateral ven-

Taheri et al. 2015). Extension of the inflamma-
tory response to the ventricular system through
CSF pathways, resulting in ependymitis or cho-

tricles (white solid arrow), third (white open arrows) and
fourth (black arrows) ventricles

roid plexitis, can cause ependymal or choroid
plexus enhancement (Chaudhary et al. 2017)
(Fig. 3). Other radiological manifestations of
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Fig. 4 Communicating hydrocephalus due to inflamma-
tory exudates in the basal subarachnoid cisterns. (a and b)
Axial and (c) sagittal T2-W MR images show dilatation of
the lateral ventricles (white arrows), third ventricle (black

TBM are related to its possible complications,
including progressive hydrocephalus, vasculitis,
infarction, and cranial neuropathies.
Hydrocephalus is the most frequent complica-
tion of TBM and is generally of the communicat-
ing type, due to blockage of CSF resorption by
inflammatory exudates in the basal subarachnoi-
dal cisterns (Fig. 4). Occasionally, hydrocephalus
is of the obstructive type, occurring secondary to
narrowing of the aqueduct or a ventricle by a
focal parenchymal lesion such as tuberculoma or
abscess, with mass effect due to entrapment of a
ventricle by  granulomatous ependymitis
(Bernaerts et al. 2003; Taheri et al. 2015;
Chaudhary et al. 2017) (Fig. 5). In addition to
dilatation of the lateral ventricles, increased peri-
ventricular signal may be seen on T2-weighted
images as a sign of interstitial edema due to
increased intraventricular pressure.
Hydrocephalus may also be a complication of
bacterial meningitis, but is often transient com-
pared with TBMe-associated hydrocephalus
where it is progressive. The persistence of hydro-
cephalus should therefore alert the radiologist to
the possibility of a tuberculous etiology
(Bernaerts et al. 2003). Ventriculitis may result
from spread of infection through the
communicating foramina in the late stages of
tuberculous leptomeningitis or from rupture of a
subependymal focus of infection. It is visualized
on MRI as heterogeneous signal hyperintensity

solid arrow), and fourth ventricle (white open arrows),
alongside transependymal edema (adjacent to white
stars). There are also inflammatory exudates in the basal
subarachnoid cisterns (white arrowheads)

of the CSF on T1-weighted images compared to
normal CSF, with thickening and contrast
enhancement of the ependymal lining. It is often
associated with hydrocephalus (Khatri et al.
2018).

The incidence of stroke is about 13-57% in
patients with TBM. The mortality rate is about
three times higher in patients with TBM and
stroke, compared to stroke-free patients (Zhang
et al. 2019). The infarction usually involves the
basal ganglia and internal capsule and may be
due to vasculitis, vascular compression, or
occlusion of small perforating vessels, particu-
larly the lenticulostriate and thalamoperforat-
ing arteries (Fig. 6). DWI helps in the early
detection of infarcts. MR angiography may
show vascular occlusion or narrowing (Fig. 7).
TBM may also cause dural venous sinus throm-
bosis with resultant hemorrhagic infarction
(Bernaerts et al. 2003; Ahluwalia et al. 2013;
Chaudhary et al. 2017). Cranial nerve involve-
ment occurs due to vascular compromise, isch-
emia, or nerve entrapment in the basal exudates
in 17-40% of cases, most commonly affecting
the second, third, fourth, and seventh cranial
nerves. The affected cranial nerves are best
evaluated by MRI, where they may appear
thickened, especially in their proximal seg-
ments, with T2-hyperintensity and marked
enhancement (Taheri et al. 2015; Chaudhary
et al. 2017) (Fig. 8).
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Fig. 5 Obstructive hydrocephalus due to tuberculoma.
Axial (a) contrast-enhanced T1-W and (b) FLAIR MR
images show a cluster of tuberculomas in the posterior
fossa (white arrowheads) exerting a mass effect on the
fourth ventricle with subsequent obstructive hydrocepha-

lus (white arrows). (¢) Axial and (d) sagittal T2-W MR
images show a tuberculoma in the right ventricular atrium
(white star) and marked dilatation of the ipsilateral tempo-
ral horn (white arrows)
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Fig. 6 Tuberculous basal ganglia infarction. Axial (a) images of the same patient show nodular enhancement of
diffusion-weighted and (b) axial FLAIR MR images show  the left basal ganglia (white solid arrowhead), left tempo-
restricted diffusion with FLAIR hyperintensity in the left ~ ral lobe (black solid arrowhead), and posterior fossa
basal ganglia, consistent with a recent infarct (white  (white open arrowhead), consistent with tuberculomas
arrows). (¢ and d) Axial contrast-enhanced T1-W MR
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Fig. 7 Middle cerebral artery vasculitis. (a) Coronal
contrast-enhanced T1-W and (b) 3D time-of-flight MR
images show nodular meningeal thickening along the left

6.1.1.2 Tuberculous Pachymeningitis

Tuberculous pachymeningitis is a relatively
uncommon entity, compared to tuberculous lep-
tomeningitis. The majority of cases of pachy-
meningitis are secondary to acute or chronic
tuberculous leptomeningitis. However, a few
cases of direct seeding of the dura with bacteria
by hematogenous spread, resulting in isolated
pachymeningitis, have also been reported (Goyal
et al. 1997; Khatri et al. 2018). Pachymeningitis
may present as focal or diffuse involvement of
the dura mater (Gupta and Kumar 2011). In the
literature, the term en plaque tuberculoma has
been used to describe focal involvement of the
pachymeninges (Bernaerts et al. 2003; Aggarwal
et al. 2016). Lesions appear hyperdense on CT,
isointense to brain parenchyma on T1-weighted
MR images, and iso- to hypointense on
T2-weighted MR images. Most focal lesions
were seen as en plaque, homogeneously uni-
formly - enhancing dural - based masses (Goyal
et al. 1997) (Fig. 9). The differential diagnosis
includes meningioma for focal pachymeningitis,
in which there is associated hyperostosis in the

Sylvian fissure (black arrowheads), resulting in narrowing
of the left middle cerebral artery (white arrow)

adjacent bone (Bernaerts et al. 2003). Focal and
diffuse pachymeningitis can also be seen in a
large number of inflammatory and noninflamma-
tory conditions (Gupta and Kumar 2011).

6.1.2 Parenchymal Tuberculosis

Parenchymal infection may be either isolated or
accompanied by tuberculous meningitis. The
parenchymal disease often presents as tubercu-
loma and less commonly as cerebritis, brain

abscess, miliary  TB, or tuberculous
encephalopathy.
6.1.2.1 Tuberculoma

Tuberculomas may be solitary or multiple. They
are preferentially located at the cortico-
subcortical junction and the periventricular
region due to hematogenous dissemination
(Gupta et al. 2001; Chaudhary et al. 2017). On
unenhanced CT, tuberculomas present with vari-
able densities, ranging from hypodense to hyper-
dense. Contrast-enhanced CT may show
peripheral rim enhancement or less frequently
nodular  or  irregular = nonhomogeneous
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Fig. 8 Cranial nerve involvement in tuberculosis. (a) contrast-enhanced T1-W MR images of the same patient
Axial and (b) coronal contrast-enhanced T1-W MR  show bilateral nodular thickening along the fifth cranial
images show bilateral nodular thickening of the seventh  nerves (white open arrows) and the pars nervosa of the
cranial nerves (white solid arrows). (¢ and d) Coronal jugular foramina (white arrowheads)
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Fig.9 Tuberculous pachymeningitis. (a) Coronal and (b) sagittal contrast-enhanced T1-W MR images show left focal
pachymeningeal enhancement along the cerebellar tentorium (arrows)

Table 2 MRI features of the different types of tuberculoma

Contrast-
Type of tuberculoma| T1-W T2-W FLAIR DWI enhanced T1-W
Noncaseating Hypo-to | Hyperintense No No restriction Nodular
granuloma isointense suppression enhancement
Caseating Hypo-to | Hypointense No No restriction Rim
granuloma isointense suppression enhancement
Caseating Hypo- to | Hyperintense with a Partial May display Rim
granuloma with isointense | peripheral hypointense rim | suppression | restricted diffusion | enhancement
central liquefaction

enhancement. A central calcification alongside
rim enhancement, reported as the target sign, is
highly suggestive of the diagnosis (Whiteman
1997). Occasionally, healed tuberculomas appear
as calcified foci on unenhanced CT (Udani 1970).

Tuberculomas have a variable appearance on
MRI, depending on the caseation stage (Table 2).
They usually have hypointense to intermediate
signal on TI-weighted images. Noncaseating
granulomas are hyperintense on T2-weighted
images, showing nodular homogeneous enhance-
ment (Fig. 10). There is no signal suppression on
FLAIR images. Solid caseating granulomas have
a markedly hypointense signal on T2-weighted
images, with rim  enhancement.  The
T2-hypointense signal is attributed to the high

cellularity of caseum (Fig. 11). FLAIR images
show no signal suppression. On DWI, solid case-
ating granulomas have unrestricted diffusion and
are easily differentiated from lymphoma, as both
are hypointense on T2-weighted images.
Caseating granulomas with central liquefaction
appear hyperintense on T2-weighted images,
with a peripheral hypointense rim representing a
collagenous capsule. FLAIR images may show
partial signal suppression. Centrally liquefied
caseating granulomas have rim enhancement
(Fig. 12). They may display restricted diffusion
and are thus indiscernible from pyogenic
abscesses. There may be an associated vasogenic
edema of variable extent (Shah 2000; Bernaerts
et al. 2003; Chaudhary et al. 2017).
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Fig. 10 Cerebral parenchymal noncaseating tubercu-
loma. Axial (a) T2-W, (b) T1-W, (c¢) contrast-enhanced
T1-W, and (d) diffusion-weighted MR images show a
right periventricular nodule (arrows) that is T1-isointense

A wide variety of differential diagnoses can be
considered for ring-enhancing lesions of tubercu-
lomas. The important ones include neurocysticer-

cosis, metastasis, CNS lymphoma (in

and T2-hyperintense. It shows nodular enhancement and
no associated restricted diffusion. It is surrounded by
marked vasogenic edema

immunocompromised patients), toxoplasmosis,
tumor (glioblastoma), and pyogenic abscess.
Proton MR spectroscopy helps to differentiate
tuberculoma from pyogenic abscesses and
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Fig. 11 Cerebral parenchymal solid caseating tubercu-  capsulo-lenticular nodule (arrows) that is T1-isointense
loma. Axial (a) T2-W, (b) T1-W, (¢) contrast-enhanced and T2-hypointense. It shows rim enhancement and no
T1-W, and (d) diffusion-weighted MR images show a left  associated restricted diffusion
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Fig. 12 Cerebral parenchymal liquefied caseating tuber-  peripheral hypointense rim representing a collagenous
culoma. Axial (a) T2-W, (b) T1-W, (¢) contrast-enhanced ~ capsule, which is T1-isointense. It shows rim enhance-
T1-W, and (d) diffusion-weighted MR images show a left ~ment and no associated restricted diffusion. Marked vaso-
frontal nodule (arrows) that is T2-hyperintense with a  genic edema is also present
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neoplasms. T2-hypointense solid caseating tuber-
culomas show an isolated lipid peak (which is
highly specific for tuberculoma) at 0.9 and
1.3 ppm (Fig. 13). T2-hyperintense liquefied

tuberculomas have a choline peak at 3.22 ppm, in
addition to a large lipid peak. Pyogenic brain
abscesses show an amino acid peak (e.g., valine,
leucine, isoleucine) at 0.9 ppm along with a lipid-

Fig. 13 Pseudotumoral cerebral tuberculosis and the useful-
ness of spectroscopy. Axial (a) T2-W, (b) contrast-enhanced
T1-W, and (c) diffusion-weighted MR images show a right
capsulo-lenticulo-caudate mass (arrows) and a second ipsilat-

eral parietal mass (arrowheads), appearing T2-isointense with
marked heterogeneous enhancement and slightly restricted
diffusion. (d) MR spectroscopy shows lipid peaks at 0.9 and
1.3 ppm alongside a decreased NAA peak
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lactate peak at 1.3 ppm. Tumors such as metasta-
ses and high-grade gliomas have a lipid peak, in
addition to significantly elevated choline and
reduced N-acetylaspartate (NAA) and creatine
peaks (Guptaetal. 1995).Ithas been demonstrated
that abnormal SWI foci are present in most
patients with neurotoxoplasmosis, presumably
attributable to hemorrhage (Benson et al. 2018).
Follow-up CT or MRI has a crucial role in moni-
toring the response to medical treatment.
Occasionally, a paradoxical increase in the size
of a pre-existing tuberculoma, or the occurrence
of a new CNS tuberculoma in patients receiving
adequate treatment, may be seen. Hence, anti-TB
therapy should be continued, eventually leading
to the resolution of the disease (Afghani 1994;
Ku 2009).

6.1.2.2 Miliary Tuberculosis

Miliary TB is seen mainly in severely immuno-
compromised patients and is usually associated
with meningeal involvement. It results from
hematogenous spread of infection in which mul-
tiple small miliary tubercles of less than 2 mm
size are present at the gray-white matter junc-
tion. Depending on their caseous components,
these lesions may have either hypo- or hyperin-
tense signal on T2-weighted images and show

intense nodular enhancement (Khatri et al. 2018;
Gupta and Kumar 2011; Taheri et al. 2015;
Chaudhary et al. 2017) (Fig. 14). The differential
diagnosis for miliary tuberculomas includes
Lyme disease, neurosarcoidosis, metastases,
lymphoid granulomatosis, and histoplasmosis
(Khatri et al. 2018). Brain metastasis is associ-
ated with a greater amount of edema.
Neurosarcoidosis usually combines parenchy-
mal nodular lesions with dural and leptomenin-
geal lesions. Hemorrhagic foci on T2*-weighted
sequences are generally seen in CNS fungal
infections. The identification of a scolex is a
helpful feature in neurocysticercosis.

6.1.2.3 Tuberculous Brain Abscess

TBA occurs in less than 10% of patients with
CNS TB. There are two theories for the forma-
tion of a tuberculous abscess. One hypothesizes
the progression of tuberculous cerebritis and the
other the liquefaction of tuberculomas.
Pathologically, TBA consists of a walled-off col-
lection of pus containing viable and dead bacte-
ria, cellular debris, and caseous material (Khatri
et al. 2018). On imaging, an abscess appears as a
large (usually >3 cm), well-defined, localized
lesion with perilesional edema and mass effect. It
is frequently multiloculated. The abscess wall

Fig. 14 Cerebral parenchymal miliary tuberculosis.
Axial (a) FLAIR and (b) contrast-enhanced T1-W MR
images show numerous miliary nodules that are hyperin-

tense in the FLAIR image (black arrowheads) with nodu-
lar and rim enhancement (white arrowheads)
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usually appears thin and smooth. The contents usually shows restricted diffusion with low
of abscesses are usually Tl1-hypointense and apparent diffusion coefficient (ADC) values. The
T2-hyperintense or heterogeneous, with variable abscess wall is wusually TIl-isointense and
degrees of suppression on FLAIR images. DWI  T2-hypointense (Khatri et al. 2018) (Fig. 15).

Fig. 15 Tuberculous brain abscess. Axial (a) T2-W, (b) that is T2-hyperintense with a peripheral hypointense rim
T1-W, (¢) contrast-enhanced T1-W, and (d) diffusion- and Tl-isointense with hyperintense rim. It shows rim
weighted MR images show a right occipital mass (arrows) — enhancement with associated restricted diffusion
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TBAs may sometimes be difficult to differenti-
ate from caseating tuberculomas with liquefac-
tion. However, this differentiation is very
important because the management of tubercu-
loma involves medical therapy with anti-TB
drugs, while the management of TBA involves
surgical drainage of the pus. Imaging plays a
major role in this differentiation. Size >3 cm, the
presence of restricted diffusion, a thin smooth
wall, and multiloculation usually favor TBA over
tuberculoma (Bernaerts et al. 2003; Khatri et al.
2018; Zunt 2018). On conventional imaging, TBA
may also be indistinguishable from pyogenic
abscess. However, MR spectroscopy and MTI
may help in differentiating between these two
lesions. Pyogenic abscess demonstrates an amino
acid peak at 0.9 ppm, which is absent in TBA
(Menon et al. 2011). TBA shows a significantly
lower MTR value, compared to pyogenic abscess
(Gupta and Kumar 2011; Chaudhary et al. 2017).

6.1.2.4 Tuberculous Encephalopathy
Tuberculous encephalopathy is another rare out-
come of CNS TB. Infants and young children
with pulmonary TB are commonly affected. It is
thought to be due to a delayed-type hypersensi-
tivity (type IV hypersensitivity) reaction to tuber-
culous proteins (Bernaerts et al. 2003; Patkar
et al. 2012; Khatri et al. 2018). Pathologically,
extensive white matter injury and perivascular
demyelination are present in the brain paren-
chyma. On MRI, extensive cerebral edema is
found, with unilateral or bilateral extensive T2
and FLAIR hyperintensity. Diffuse contrast
enhancement of the involved white matter may
be seen. It has a poor prognosis, with death usu-
ally occurring within one to two months of onset.
Acute disseminated encephalomyelitis (ADEM)
is an important differential diagnosis in many
cases (Khatri et al. 2018).

6.2 Spinal Intradural Tuberculosis

6.2.1 Spinal Intramedullary
Tuberculosis

Spinal intramedullary TB is a rare disease entity.
It is caused by active tuberculous lesions spread-

ing via blood or CSF. It can also be rarely caused
by direct spread of local spinal TB (Liu et al.
2016; Varghese et al. 2017). Spinal intramedul-
lary TB presents as various types of lesions,
depending on the virulence of the bacteria and
the host’s immune resistance (Varghese et al.
2017). MRI is the imaging modality of choice to
detect early infection and to thoroughly evaluate
the extent of disease affecting the spinal cord
(Balériaux and Neugroschl 2004). Spinal intra-
medullary tuberculoma is a rare form of TB
infecting the CNS (Liu et al. 2016; Sharma et al.
2002). It represents only 2 per 100,000 cases of
TB and 2 per 1000 cases of CNS TB (Lu 2010;
Sardana and Shringi 2020). This type of tubercu-
lous lesion is more often observed in people aged
18-45 years, with the youngest patient reported
being only nine months old (Liu et al. 2016). The
thoracic spine is the most common site for intra-
medullary tuberculoma, described in about 70%
of cases (Yusuf et al. 2015; Sardana and Shringi
2020). The reason could be because this region
receives about 45% of the entire blood supply to
the spinal cord, and it is known that M. tubercu-
losis thrives best in an area where the partial pres-
sure of oxygen is high (Yusuf et al. 2015).

MRI features vary during the different phases
of tuberculomas (Lu 2010) (Fig. 16). In the early
stage, tuberculomas are characterized by insuffi-
cient formation of caseous necrosis and severe
edema around the lesion (Lu 2010; Sardana and
Shringi 2020). At this stage, tuberculomas are both
T1- and T2-isointense and enhance homoge-
neously. As caseous necrosis in tuberculomas
increases, the peripheral edema decreases or may
disappear. There is T1-isointensity and T2-iso- or
hypointensity. On contrast-enhanced images, there
is rim enhancement with hypointense signal in the
central region. With the development of caseation,
a typical “target sign” is seen on T2-weighted
images. The caseous substance forms the target
center, whereas the peripheral infective granula-
tion tissues form the hyperintense rim (Lu 2010;
Sardana and Shringi 2020). Intramedullary tuber-
culomas can be associated with arachnoiditis, cord
edema, or syrinx (Chaudhary et al. 2017).
Intradural extramedullary tuberculomas may
mimic en plague meningioma and usually present
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Fig. 16 Spinal intramedullary tuberculoma. (a) Sagittal
T2-W and (b) sagittal and (c) axial contrast-enhanced
T1-W MR images show an intramedullary nodule (arrows)

as a single dural-based ring-enhancing lesion
(Chaudhary et al. 2017). The differential diagnosis
includes tumors such as astrocytoma, ependy-
moma, hemangioblastoma, lymphoma and meta-
static tumors, demyelinating diseases (multiple
sclerosis), and granulomatous diseases such as
syphilis, abscess, and fungus (Liu et al. 2016;
Parmar et al. 2000).

6.2.2 Tuberculous Myelitis

In most cases, tuberculous myelitis appears in
individuals younger than 30 years of age
(Almeida 2005). It occurs more frequently as a
secondary lesion to osteomyelitis (Almeida
2005). The cervical segment of the spinal cord is
the most common location of tuberculous myeli-
tis (Chaudhary et al. 2017). MRI shows diffuse
cord swelling and slightly hyperintense T1 and
T2 signal without enhancement (Fig. 17) or with
slight enhancement that may persist for several
months (Chaudhary et al. 2017; Liu et al. 2019).
Even after treatment, adjacent meningeal
enhancement may remain for months or years
(Salvador et al. 2021). Intramedullary abscess,
cavitation, cord atrophy, and syringomyelia may
be associated with a poor outcome (Chaudhary

enlarging the lower thoracic spinal cord and appearing
T2-hyperintense with slight nodular enhancement

et al. 2017). The differential diagnosis includes
cord contusion, cord infarction due to vasculitis,
acute transverse myelitis, and demyelinating dis-
eases (Chaudhary et al. 2017).

6.2.3 Spinal Meningitis

The MRI features of spinal tuberculous arach-
noiditis include inflammatory exudates causing
obliteration of spinal subarachnoid space, CSF
collection, loss of outline of the spinal cord,
and matting of cauda equina nerve roots
(Chaudhary et al. 2017; Ogul et al. 2017). It
also shows nodular or linear enhancement of
the spinal cord surface or nerve roots and
plaque-like dural thickening (Chaudhary et al.
2017; Liu et al. 2019) (Fig. 18). The main com-
plications of spinal meningitis are radiculitis,
vasculitis, spinal infarcts, and disturbance of
CSF flow due to adhesion of arachnoid layers,
which causes syringomyelia (Schaller et al.
2019). Therefore, anti-TB treatment should be
given immediately to avoid irreversible spinal
cord injury (Liu et al. 2019). The most impor-
tant differential diagnosis of tuberculous
arachnoiditis is meningeal carcinomatosis
(Garg et al. 2015).
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Fig. 17 Spinal tuberculous myelitis. (a and b) Sagittal ~ (arrows) that appear T2-hyperintense in a patient with
T2-W MR images show a slight diffuse spinal cord swell- ~ cerebral tuberculomas
ing containing multiple focal demyelinating lesions

Fig. 18 Extensive spinal tuberculous leptomeningitis.  face (arrows) and nerve roots alongside plaque-like dural
(a—c) Sagittal contrast-enhanced T1-W MR images show thickening (arrowheads)
nodular and linear enhancement along the spinal cord sur-
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7 CNS Tuberculosis with HIV
Co-infection

TB has seen a resurgence in the past two decades
because of the increasing numbers of patients
with AIDS. 5-9% of patients with AIDS develop
TB, and of these, 2—18% have CNS involvement
(Gupta and Kumar 2011). HIV infection is now
recognized as the most common risk factor
associated with extrapulmonary TB. Severe
immunosuppression in advanced HIV infection
increases the odds of extrapulmonary TB versus
pulmonary TB alone (Leeds et al. 2012). The
risk of TBM is more significant in HI'V-infected
patients with declining CD4 counts. Imaging
characteristics of CNS TB in patients with HIV
are the same as in those without HIV (Nelson
and Zunt 2011).

8 Criteria for Diagnosis

A consensus case definition written by a commit-
tee of experts following an international TBM
workshop convened in South Africa in May 2009
classifies TBM as definite, possible, probable,
and not TBM (Marais et al. 2010; Chin and
Mateen 2013). This consensus is based on a scor-
ing system made up of four parts (Table 3),
namely clinical criteria (maximum score 6), CSF
criteria (maximum score 4), cerebral imaging cri-
teria (maximum score 4), and evidence of TB
elsewhere (maximum score 4). Definite TBM is
defined by microbiological identification or evi-
dence from commercial nuclei acid amplification
tests of CNS M. tuberculosis infection. Probable
TBM is defined as a score of 10 or more (when
cerebral imaging is not available) or 12 or more

Table 3 Diagnostic criteria for the classification of definite, probable, possible, and not tuberculous meningitis

[adapted from Marais et al. (2010)]

Criteria

Scoring

Clinical
* Evolution for more than 5 days

* Long-standing (more than 15 days) systemic symptoms (weight loss, fever, night sweats,

persistent cough)

* History of close contact with patient suffering from pulmonary tuberculosis
* Focal neurological deficit (excluding cranial nerve involvement)

* Cranial nerve palsy

Maximum = 6

4
2
2
1
1
1

Biological (CSF analysis)

* Clear appearance

* Pleocytosis 10-500 leucocytes/pl

* Lymphocytic predominance (>50%)
* Hyperproteinorrhachia (>1 g/1)

* Hypoglycorrhachia (<2.2 mmol/l) or CSF-to-plasma ratio (<50%)

Maximum = 4

—

Imaging

* Hydrocephalus

* Basal leptomeningitis

* Tuberculoma

* Infarction

* Basal hyperattenuation (precontrast)

Maximum = 6

1
2
2
1
1

Manifestations of extraneurological tuberculosis

Maximum = 4

* Chest radiographs suggestive of pulmonary tuberculosis =2, miliary = 4 2/4

* CT/MRI/ultrasound imaging evidence of extraneurological tuberculosis 2
* Acid-fast bacilli or Mycobacterium tuberculosis cultured from biological fluids: sputum, urine, |4

gastric washing, urine, blood culture, lymphadenopathy
* Positive nucleic acid amplification test from extraneurological sampling 4

No alternative diagnosis

* Confirmed by microbiology, serology, or histopathology
* Include pyogenic bacterial meningitis, bacterial brain abscess, cerebral toxoplasmosis, and

malignancy
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(when cerebral imaging is available). Possible
TBM is defined as a score of 6-9 (when cerebral
imaging is not available) or 6-11 (when cerebral
imaging is available). The diagnosis of not TBM
is maintained if an alternative cause is identified
and confirmed microbiologically.

The diagnosis of tuberculoma is difficult.
Clinical features supported by indirect evidence,
such as CSF examination and imaging studies of
the head and spine, are used for early diagnosis.
Surgical intervention is considered mandatory in
patients with clinically diagnosed tuberculoma
and worsening clinical or radiological features
(Raza et al. 2004). A biopsy may be necessary to
differentiate tuberculoma from other intracranial
brain lesions, including glioma, lymphoma,
metastases, and other infectious processes (Chin
and Mateen 2013).

9 Treatment

The poor prognosis underlines the value of an
early diagnosis, which should be established
without delay, and appropriate treatment in the
event of strong suspicion. Pharmacological ther-
apy includes combination anti-TB drug regimens
and adjunctive corticosteroids, which improves
survival rates and neurological outcome in
patients with TBM, possibly reducing hydro-
cephalus and preventing infarction (Schaller
et al. 2019). Both the WHO and the American
Thoracic Society recommend an 8-week inten-
sive phase of treatment, during which patients
receive isoniazid, rifampin, and pyrazinamide,
followed by a continuation phase during which
isoniazid and rifampicin are given for
6—10 months. Current recommendations include
using azithromycin and clarithromycin combined
with ethambutol or clofazimine, especially if the
response is not satisfactory. The composition and
dosing of the regimen are the same as for pulmo-
nary TB, but for TBM, treatment duration is
extended from 6-9 to 12 months (Thakur et al.
2018).

A significant increase in the frequency of
adverse reactions to anti-TB therapy has been
observed in patients with HIV infection.

Intracranial tuberculomas that are single space-
occupying lesions with midline shift and
increased intracranial pressure, and which fail to
respond to chemotherapy, should be surgically
removed. The list of differential diagnoses is
vast, and symptoms of CNS TB often present
non-specifically in the early stages. Early recog-
nition and timely treatment of the disease are
critical, if the considerable mortality and morbid-
ity associated with this condition are to be
prevented.

After treatment, meningeal enhancement may
persist in some cases of TBM. Potential sequelae
of TBM include meningeal or ependymal calcifi-
cations, focal areas of atrophy secondary to
infarcts, hydrocephaly, encephalomalacia in the
areas of cerebral infarction, and occasionally
syringomyelia or syringobulbia (Jinkins et al.
1995; Patkar et al. 2012). However, many lesions
leave no radiological traces following successful
medical treatment. The activity of a tuberculoma
may be evaluated by the degree of contrast
enhancement on follow-up CT or MRI
(McGuinness 2000).

Occasionally, newly developing or enlarging
intracranial tuberculomas may be observed,
despite appropriate anti-TB therapy. This is
called paradoxical reaction, which occurs in
approximately one-third of patients with
TBM. Paradoxical reactions in these patients
result from an excessive inflammatory response
against mycobacterial antigens (Bernaerts et al.
2003; Singh et al. 2016). It has been demon-
strated that female gender, concomitant HIV
infection, and a shorter duration of the illness are
significant predictors of paradoxical reactions in
patients with TBM, and the development of para-
doxical reactions does not adversely affect the
outcome of TBM (Singh et al. 2016).

10 Conclusion

CNS TB is one of the more severe forms of extra-
pulmonary TB. Early recognition and timely
treatment of CNS TB are crucial in reducing the
mortality and morbidity associated with this dis-
ease. Familiarity with the various imaging
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presentations of CNS TB is the key to a timely
diagnosis. Advanced MRI techniques help in bet-
ter characterization of tuberculous lesions.
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Abstract

Tuberculosis of the head and neck accounts
for approximately one-third of extrapulmo-
nary tuberculosis. From the surgical perspec-
tive, cervical lymph nodes, deep neck spaces,
and salivary glands may be covered by head
and neck surgery, while the ear, nose, and
throat are traditionally classified under otorhi-
nolaryngology. In this chapter, we discuss the
pathophysiology, clinical features, course and
complications, imaging features, imaging dif-
ferential diagnosis, diagnosis confirmation,
and treatment of cervical lymph nodes, deep
spaces of the neck, and salivary glands.
Although the imaging of tuberculosis in the
head and neck is non-specific, there are some
imaging clues that may help suggest the diag-
nosis. Imaging of important diseases that must
be differentiated from tuberculosis is also cov-
ered in this chapter.
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Abbreviations

CT Computed tomography

MRI  Magnetic resonance imaging
TB Tuberculosis

UsS Ultrasound

1 Introduction

Tuberculosis (TB) of the head and neck accounts
for approximately one-third of extrapulmonary
TB (Vaid et al. 2010). Cervical lymph nodes are
the most common organs involved by TB in the
head and neck region, while most neck abscesses
result from ruptured tuberculous lymphadenitis
or originate from nearby foci (including the sali-
vary glands). Both conditions commonly present
with a neck mass or abscess. Salivary gland TB is
rare, and the clinical presentation may mimic
infection or tumor. Imaging can confirm the
organ or area of involvement and evaluate the
extension of disease, which can help in treatment
planning. There are some imaging clues that may
suggest the possibility of TB; these help the clini-
cian arrive at an early diagnosis and initiate
proper treatment. Imaging can also be used for
follow-up monitoring after treatment.

2 Tuberculous Lymphadenitis

2.1 Introduction

Tuberculous lymphadenitis is the most common
form of extrapulmonary TB (Alvarez and
McCabe 1984; Lekhbal et al. 2020), with cervi-
cal lymphadenopathy being the most common
manifestation of tuberculous lymphadenitis
(Dandapat et al. 1990; Mekonnen et al. 2019;
Qian et al. 2019; Geldmacher et al. 2002).
“Scrofula” is the classic term used for tubercu-
lous lymphadenitis in the cervical region.
Aristotle (384-322 BCE) first described scrofula
on the skin of phthisic pigs, believing phthisis to
be contagious (Herzog 1998), although the
account of scrofula is basically derived from the

classical tradition represented by Cassius Felix
(447 CE) (Barlow 1980). It was Wilson (1842)
who postulated an intimate relation between
scrofula and tubercular consumption and that the
same causes would produce one as the other, with
scrofula being more of a disease of infancy than
phthisis.

This disease entity is a chronic, specific gran-
ulomatous inflammation of the cervical lymph
nodes with caseation necrosis. Mycobacterium
tuberculosis is not the only causative agent; the
M. tuberculosis complex includes M. bovis and
M. africanum. Nontuberculous (previously called
atypical) Mycobacterium spp. (NTM) that can
cause tuberculous lymphadenopathy include M.
avium and M. intracellulare of the M. avium
complex (MACQC), M. kansasii, M. xenopi, M. mal-
moense, M. haemophilum, M. genavense, M.
marinum, M. szulgai, and M. scrofulaceum
(Forbes et al. 2018). Cervical lymphadenitis in
adults is almost exclusively caused by the M.
tuberculosis complex, while most cases in chil-
dren are caused by (atypical) NTM (Christensen
and Koeppe 2010).

2.2 Pathophysiology

Mycobacteria tuberculosis can adapt to a quies-
cent physiological state and is noted for its com-
plex interaction with the host that produces
poorly understood disease states ranging from
latent infection to active clinical disease (Gambhir
et al. 2017). Tuberculous lymphadenitis may be
caused by hematogenous or lymphatic dissemi-
nation from a pulmonary or extrapulmonary
tuberculous focus, reactivation of latent TB, or
primary involvement of such structures as the
tonsils, adenoids, and Waldeyer’s ring (Alvarez
and McCabe 1984; Dandapat et al. 1990; Bray
et al. 2015; Purohit and Mustafa 2015). A meta-
analysis of 6,746 cases of tuberculous lymphad-
enitis from 12 African countries revealed that
52% had a history of livestock exposure, 46%
had a history of consuming raw milk/meat, and
24% had a history of Bacillus Calmette—Guérin
(BCG) vaccination (Mekonnen et al. 2019).
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2.3 Clinical Features, Course,

and Complications

The disease is indolent, with a mean duration of
3 months (7 days to 12 months) from the onset of
presentation to hospitalization (Fontanilla et al.
2011; Qian et al. 2019). It usually presents as a
unilateral painless neck mass, most frequently
located in the posterior and anterior cervical tri-
angles, but may also occur in the submandibular
and supraclavicular lymph nodes (Dandapat et al.
1990; Artenstein et al. 1995; Qian et al. 2019).
Dandapat et al. (1990) noted multiple sites of
lymph node involvement, and enlarged nodes
which were matted in many cases and discrete in
some cases, while the rest had either an abscess or
a discharging sinus. According to Qian et al.
(2019), lymph nodes were generally indolent and
enlarged (<3 cm in most cases but reaching diam-
eters of 7 cm). Aside from cervical lymphadenop-
athy, other signs and symptoms classically
associated with TB include malaise, weight loss,
fever, night sweats, cough greater than 2 weeks,
and cold abscess (Mekonnen et al. 2019), but con-
stitutional symptoms are rare, except in individu-
als infected with the human immunodeficiency
virus (HIV) (Artenstein et al. 1995). Among HIV-
infected patients with extrapulmonary TB, fever
is nearly universal, and the course is rapidly pro-

gressive and often fatal, if not promptly diagnosed
and treated (Shafer et al. 1991).

24 Imaging Features
2.4.1 Ultrasound Imaging
In the early stage of disease, the lymph node is
enlarged with granuloma formation. Ultrasound
(US) imaging shows non-specific lymph node
enlargement with hypoechoic cortical thickening,
decreased hilar fat, and decreased internal vascu-
larity (Fig. la). Later, caseating necrosis is
formed within the granuloma. On US imaging,
the necrotic area is seen as heterogeneous echoes
with absent vascular flow. Displacement of vas-
cularity to the periphery of the lymph node can be
observed (Park and Kim 2014) (Fig. 1b). When
the disease progresses, damage of the lymph
node capsule produces peri-adenitis and aggrega-
tion of adjacent lymph nodes. US imaging at this
stage shows matted lymph nodes with surround-
ing soft tissue edema. The infected lymph node
may be ruptured due to capsular break, resulting
in loculated abscess. A sinus tract connecting
abscess to the skin may be present.

Chronic granulomatous inflammation may
result in calcium deposition. Calcific foci appear
as hyperechoic spots with acoustic shadowing

Fig. 1 Color Doppler US imaging of tuberculous lymph-
adenitis in two different patients. (a) Early change in
tuberculous lymphadenitis. The lymph node is enlarged
with hypoechoic cortex thickening and decreased vascular
flow (arrow). The hilar fat is effaced (arrowhead). (b)

Tuberculous lymphadenitis with internal necrosis. The
lymph node shows internal heterogeneous echoes with
absent internal vascular flow from caseous necrosis.
Vascularity is seen at the periphery of the lymph node
cortex



136

P. Kongmebhol and J. F. Lapefa Jr

Fig. 2 CT of tuberculous lymphadenitis (granulomatous
stage). (a) Axial contrast-enhanced CT image shows
lymphadenopathy at the left submandibular region, which
has homogeneous enhancement (solid arrows). One of the
nodes has rim enhancement with internal heterogeneous

that may be observed in the lymph node. After
treatment, the lymph node transforms to a fibro-
calcific stage, resulting from the healing process.
The fibrotic lymph node shows absent internal
vascularity on color Doppler US imaging.

2.4.2 Computed Tomography
During the granulomatous stage, the enlarged
lymph node appears solid with homogeneous
enhancement on computed tomography (CT)
(Fig. 2a). When caseous necrosis is formed, the
lymph node shows internal low density with
peripheral rim enhancement. The necrotic area
can be uni- or multiloculated with smooth or
irregular rims (Fig. 3). Perinodal fat stranding
and matted lymphadenopathy can be well dem-
onstrated on CT (Fig. 4).

Calcific foci within the necrotic lymph node
are readily demonstrated on CT (Fig. 5a), but
they are difficult to detect on magnetic resonance

density suggesting early-forming caseous necrosis (open
arrow). (b) PET/CT image taken at the same level as (a)
shows increased FDG uptake within the abnormal lymph
nodes (solid arrow)

Fig.3 Necrotic lymph nodes in tuberculous lymphadeni-
tis. Coronal contrast-enhanced CT image shows bilateral
cervical lymphadenopathy. Some of the lymph nodes
show multiloculated necrosis with irregular, thick rim
enhancement (open arrows), while some of them show
uniloculated necrosis with smooth, thin rim enhancement
(solid arrows)
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imaging (MRI). Lymph node calcification can be
detected on pre-treatment CT in 0-28.6% of
cases (Lee et al. 1994; Je et al. 2005; Onoue et al.
2020). At a fibrocalcific stage, the healed lymph
node becomes nonenhanced. Newly formed cal-
cification can be found in 10.7% after treatment
(Je et al. 2005) (Fig. 5b, c).

2.4.3 Magnetic Resonance Imaging

On MRI, the necrotic area of the lymph node
appears hypointense on T1-weighted images and
hyperintense on T2-weighted images and shows
no enhancement. The solid granulomatous rim is
T1-isointense and T2-hypointense and enhances
(Fig. 6).

Fig.4 Matted lymph nodes with peri-adenitis in tubercu-
lous lymphadenitis. Axial contrast-enhanced CT image
shows matted necrotic cervical lymphadenopathy (arrows)
with perinodal fat stranding (open arrows)

Fig. 5 Calcified lymph nodes in tuberculous lymphade-
nitis on pre- and post-treatment CT. (a) Axial contrast-
enhanced CT image before treatment shows
inhomogeneously enhancing lymphadenopathy in the left
lower internal jugular chain with a small round internal
calcification (open arrow). (b) Axial contrast-enhanced
CT image taken after 6 months of anti-TB drug therapy
shows decreased size of the lymph node with low-density

change, compatible with fibrotic stage (arrow). The calci-
fication seen on the pre-treatment CT is still present (open
arrow). However, the patient has developed new right
lower internal jugular and right paratracheal lymphade-
nopathy (open arrowheads). (¢) Axial contrast-enhanced
CT image at a more caudal level shows a new calcification
in the treated lymph node (open arrow)



138

P. Kongmebhol and J. F. Lapefa Jr

Fig. 6 MRI of tuberculous lymphadenitis. Axial (a)
TI-W and (b) T2-W MR images show bilateral
cervical lymphadenopathy. The necrotic area appears

2.4.4 Positron-Emission Tomography
Tuberculous lymphadenitis shows increased
[fluorine-18]-fluoro-2-deoxy-D-glucose ("8F-
FDG) uptake on positron-emission tomography
(PET) (Fig. 2b). '®F-FDG PET/CT demonstrates
more sites of lymph node involvement than CT
and may be used to predict the response of treat-
ment (Sathekge et al. 2012). However, increased
BE-FDG uptake on PET is not specific for TB, as
it can be observed in other granulomatous lesions,
inflammation, and malignancies.

25 Imaging Differential Diagnosis

The enlarged, homogeneously enhancing lymph
nodes during the early granulomatous stage have
no specific imaging appearance and should be
differentiated from other causes of lymph node
enlargement such as reactive hyperplasia, infec-
tion, malignancy, or other granulomatous dis-
eases. However, in tuberculous lymphadenitis,
multiple stages of lymphadenopathy are usually
seen on imaging. Necrotic lymph nodes are usu-
ally present at the same time as the solid-
appearing ones. It is the necrotic appearance,

T1-hypointense and T2-hyperintense (open star). The solid
granulomatous component (arrow) and granulomatous rim
(arrowheads) are T1-isointense and T2-hypointense

sometimes with calcifications, that helps alert to
the possibility of tuberculous lymphadenitis. The
important differential diagnoses of necrotic/cys-
tic appearing lymph nodes are metastasis,
pyogenic lymphadenitis, lymphoma, histiocytic
necrotizing lymphadenitis (Kikuchi disease), and
NTM lymphadenitis.

Squamous cell carcinoma is a major cause of
necrotic or cystic appearing metastatic lymph
nodes in the head and neck (Fig. 7a). Human pap-
illomavirus (HPV)-related squamous cell carci-
noma of the oropharyngeal region has a high
association with cystic appearing lymph nodes.
The metastatic lymph nodes from squamous cell
carcinoma in non-HPV patients are more likely
to have thick, irregular walls with complex-fluid
content on MRI, while in HPV-positive patients,
the lymph nodes are more likely to have thin,
well-defined margins with homogeneous fluid
content (Huang et al. 2017). Both patterns are
also observed in tuberculous lymphadenitis.

Perinodal fat infiltration can be seen in extra-
capsular spreading of metastatic nodes and in late
stages of TB. If the primary cancer cannot be
demonstrated on imaging, the differentiation
between tuberculous lymphadenitis and necrotic
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Fig.7 Necrotic/cystic metastatic cervical lymph nodes in
two different patients. (a) Axial contrast-enhanced CT
image in a patient who has metastatic lymph nodes from
supraglottic squamous cell carcinoma shows irregular
rim-enhancing lymph nodes with central necrosis at right
level II (arrows). (b) Axial contrast-enhanced CT image in

or cystic metastatic lymph nodes can be difficult.
Diffusion-weighted imaging (DWI) and apparent
diffusion coefficient (ADC) values have been
studied to differentiate between metastatic
necrotic lymph nodes and tuberculous lymph
nodes. The ADC value at the necrotic area of a
metastatic lymph node is higher than that at the
necrotic area of a tuberculous lymph node, and
an ADC value of 1.59 x 1073 mm?/s has been sug-
gested as a cutoff point for distinguishing
between the two conditions (Zhang et al. 2013).

Metastasis from papillary thyroid carcinoma
can produce cystic areas and calcifications within
the lymph node (Fig. 7b). The enhancing solid
component is more prominent, and perinodal fat
stranding is not present in metastatic papillary
thyroid carcinoma (Onoue et al. 2020).

Pyogenic lymphadenitis can manifest as
necrotic appearing lymph nodes similar to tuber-
culosis, but in pyogenic lymphadenitis, the peri-
nodal fat stranding is more prominent and is
almost always present (Lee et al. 1994) (Fig. 8).
Associated muscle swelling is common and more
severe in pyogenic lymphadenitis.

On occasion, untreated lymphoma can have a
necrotic appearance (Fig. 9). The central necrosis
in lymphoma tends to be large with smooth inner
margins (You et al. 2019). Perinodal fat stranding

a patient who has metastatic lymph nodes from papillary
thyroid carcinoma shows an enlarged lymph node with a
prominent enhancing solid component, cystic component
(solid arrow), and coarse calcifications (open arrows). The
nodes have a similar appearance to the primary carcinoma
in the thyroid gland

Fig. 8 Pyogenic lymphadenitis from gram-negative
bacilli infection. Axial contrast-enhanced CT image
shows necrotic cervical lymphadenopathy with rim
enhancement (solid arrow). Note the prominent perinodal
fat stranding (arrowheads) and swelling of adjacent ster-
nocleidomastoid muscle (open arrow)

may occur if there is lymphatic obstruction. The
necrotic lymph nodes in TB and lymphoma may
be similar in appearance, but the number of
necrotic lymph nodes compared to the total
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affected lymph nodes may help in differentiation.
A small proportion of necrotic lymph nodes is
observed in lymphoma, while a large proportion
(over 50%) of necrotic lymph nodes is found in
TB (You et al. 2019).

Histiocytic necrotizing lymphadenitis or

Kikuchi disease is a primary lymph node disease
that commonly shows internal necrosis. Some

Fig. 9 Necrotic cervical lymph nodes in lymphoma.
Axial contrast-enhanced CT image shows rim-enhancing
lymph nodes, with large central necrosis, which have
smooth inner margins (arrows). Perinodal fat stranding is
also present

CT features in Kikuchi disease may help differ-
entiate it from tuberculous lymphadenitis. Most
lymph nodes in Kikuchi disease show multiple
necrotic foci that have indistinct margins of the
necrotic area (Fig. 10). Perinodal infiltration is
seen in more than 90% of cases, and calcification
is absent in Kikuchi disease (Lee et al. 2012). In
contrast, the margin of the necrotic area in tuber-
culous lymphadenitis is rather well defined, and
calcification may be present.

NTM lymphadenitis is rare. Most cases
reported have been in children. The affected
lymph nodes have heterogeneous enhancement
with an adjacent abscess in the subcutaneous tis-
sue, while some lymph nodes may have ring
enhancement with central necrosis (Robson et al.
1999) (Fig. 11). Adjacent fat stranding is usually
minimal or absent in children but may be pro-
nounced in adults (Hanck et al. 2004). The find-
ings are indistinguishable from tuberculous
lymphadenitis.

2.6 Diagnosis Confirmation

Diagnosis is difficult due to the paucibacillary
nature of the disease (Lee 2015; Purohit and

Fig. 10 Necrotic cervical lymph node in Kikuchi dis-
ease. (a) Coronal contrast-enhanced CT image shows
multiple indistinct necrotic foci within an enlarged lymph

node (black arrows). (b) Axial contrast-enhanced CT
image shows prominent perinodal fat infiltration (white
arrows) causing ill-defined margins of the lymph node
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Fig. 11 Necrotic cervical lymph nodes in nontubercu-
lous mycobacterium lymphadenitis. Axial contrast-

enhanced CT image shows multiple irregular
rim-enhancing lymph nodes with central necrosis
(arrows). Mild perinodal fat stranding is seen

Mustafa 2015; Qian et al. 2019), variable clinical
presentation, need for invasive procedures to
secure appropriate samples, and lack of labora-
tory facilities in resource-limited settings (Purohit
and Mustafa 2015). The diagnosis can be con-
firmed by a variety of techniques (Alvarez and
McCabe 1984), although histology, acid-fast
bacilli (AFB) staining, and culture remain the
most widely used tests in endemic areas (Purohit
and Mustafa 2015).

Excisional biopsy for histopathological and
microbiological evaluations provides the highest
diagnostic yield, but fine-needle aspiration (FNA)
may be useful for HIV-infected individuals and in
areas of the world with a high prevalence of dis-
ease (Artenstein et al. 1995). Granulomatous
inflammation may be seen on histological or
cytological analysis of excision or aspiration
biopsies, although histological features may be
atypical at extrapulmonary sites and in patients
with concomitant immunosuppression (Purohit
and Mustafa 2015). In a series of 80 cases, fine-
needle aspiration cytology (FNAC) gave a posi-
tive diagnosis in 66 cases (83%). 52 cases (65%)
showed a positive culture for M. tuberculosis of
human type in Lowenstein-Jensen medium
(Dandapat et al. 1990).

Fontanilla et al. (2011) reported that exci-
sional biopsy has the highest sensitivity at 80%,
but FNA is less invasive and may be useful, espe-

cially in immunocompromised hosts and in
resource-limited settings. Geldmacher et al.
(2002) found that lymph node excision and FNA
were similarly effective in obtaining sufficient
material for microscopic and microbiological
analysis. Whenever practical, every effort should
be made to obtain appropriate specimens for both
mycobacteriological and  histopathological
examinations (Lee 2015). Sputum tests do not
have a good performance, and most cases are
diagnosed by FNAC and excision biopsies in
combination with clinical presentation (Qian
et al. 2019). The results of skin testing with puri-
fied protein derivative (PPD) are invariably
positive (Dandapat et al. 1990; Artenstein et al.
1995; Geldmacher et al. 2002).

The definitive diagnosis is by culture or
nucleic amplification (Fontanilla et al. 2011). The
measurement of biochemical markers in
TB-affected fluids (adenosine deaminase or
gamma interferon) and molecular biology tech-
niques such as polymerase chain reaction (PCR)
may be useful adjuncts in diagnosis (Lee 2015).
More sophisticated techniques are available (Ryu
2015), but are beyond the reach of the majority of
patients, physicians, and public health workers in
the most endemic areas. In such resource-poor
settings, indirect evidence may be the mainstay
for the diagnosis (Purohit and Mustafa 2015).

2.7 Treatment
Although the disease usually responds to stan-
dard anti-TB drug therapy, the ideal regimen and
duration of treatment have not yet been estab-
lished (Lee 2015), and regimens range from 6
(Artenstein et al. 1995) to 9 months (Dandapat
et al. 1990). The response to treatment is slower
than with pulmonary TB, and persistent pain and
swelling are common (Fontanilla et al. 2011).
Despite standard treatment, initial enlargement
of the lymph nodes (paradoxical upgrading) fre-
quently occurs during therapy (Geldmacher et al.
2002; Fontanilla et al. 2011; Lee 2015).
Opinions on the role of surgery range from
“not required” (Dandapat et al. 1990), through
“required mainly to obtain valid diagnostic
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specimens and to manage complications” (Lee
2015), to “initial excisional biopsy deserves
consideration for both optimal diagnosis and
management of the otherwise slow response to
therapy” (Fontanilla et al. 2011). Kanjanopas
et al. (2014) concluded that surgical treatment
for all accessible lymph nodes greater than or
equal to 3 cm in diameter in patients with tuber-
culous cervical lymphadenitis prior to a full
course of drug therapy significantly increases
the cure rate, compared to medication alone. A
retrospective cohort study by Lekhbal et al.
(2020) involving 104 patients recommends sur-
gical excision for nodes greater than or equal to
3 c¢m in diameter, abscesses, fistulas, recurrence,
resistance to anti-TB drugs, and paradoxical
upgrading reactions.

3 Tuberculous Neck Abscess

3.1 Introduction

The deep neck spaces are potential spaces
between the three layers of deep fascial planes of
the neck. These are the superficial, middle, and
deep layers of deep cervical fascia and include
the suprasternal, pretracheal, retropharyngeal,
retrovisceral, danger, and prevertebral spaces
(Grodinsky and Holyoke 1938; Feigl 2015). The
hyoid bone divides the anterior spaces into supra-
hyoid (peritonsillar, submandibular, parapharyn-
geal, masticator, buccal, and parotid spaces) and
subhyoid (superior visceral space), whereas
spaces posterior to the hyoid extend the whole
length of the neck (e.g., retropharyngeal, danger,
prevertebral, and carotid spaces) and into the
mediastinum (Sutcliffe and Lasrado 2020).

Deep neck space infections are rare. A 10-year
nationwide population-based survey of the inci-
dence of parapharyngeal and retropharyngeal
abscess in Taiwan revealed an annual incidence
rate of 2.43-3.17 per 100,000 adults between
2007 and 2016 (Yang et al. 2021). This was
higher than the figures of 1.32-1.94 per 100,000
people older than 15 years old in Germany

(Windfuhr and Chen 2019), 0.55-2.45 per
100,000 people older than 16 years old from
2012 to 2016 in Scotland (Hurley et al. 2018),
and 3-5 per 100,000 including pediatric patients
for 1991-2011 in England (Lau et al. 2014).
Deep neck space infection of tuberculous origin
is even rarer. An 8-year review of 234 patients
with deep neck infections identified only six
cases of TB (Ridder et al. 2005), although another
series of 270 patients identified 28 cases of TB
(Gujrathi et al. 2016).

Retropharyngeal tuberculous abscesses have
been found to be associated with Pott disease of
the cervical spine (Oktem et al. 2006; Mizumura
et al. 2010; Alawad and Khalifa 2015; Thomas
et al. 2020), TB of the upper cervical spine and
sternum (Al Soub 1996), and cervical Pott disease
and tuberculous abscess of the chest wall (Hsu
and Chen 2019). Retropharyngeal tuberculous
abscess has also been reported with no evidence
of cervical spine TB (Patil et al. 2011;
Christoforidou et al. 2012). Tuberculous retro-
pharyngeal abscess has also been reported along
with pulmonary TB, without involvement of the
cervical spine (Ekka and Sinha 2015). Even rarer
are isolated parapharyngeal tuberculous infec-
tions (Rao et al. 2013; Sabri 2015; Gopakumar
et al. 2019), with a case of bilateral parapharyn-
geal space tuberculous abscess reported (Meher
et al. 20006).

3.2 Pathophysiology

The fascia and fascial spaces of the head and
neck were described in detail by Grodinsky and
Holyoke (1938) and revisited and clarified by
Feigl (2015). For instance, the danger space
number 4 of Grodinsky and Holyoke (1938)
extends from the skull base cranially to the
posterior mediastinum caudally and is limited
ventrally by the alar fascia (the superficial layer
of deep cervical fascia or fascia intercarotica of
Fiegl (2015)) and dorsally by the deep layer of
deep cervical fascia (the fascia prevertebralis
of Feigl (2015)).
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The more ventral retropharyngeal space
extends from the skull base to the upper medias-
tinum between the pharynx and prevertebral
musculature (Hsu and Chen 2019), bounded by
fascia anteriorly and posteriorly and the carotid
space laterally (Debnam and Guha-Thakurta
2012); but its actual extent and boundaries are
disputed by Feigl (2015) as misinterpretations of
the very precise and profound descriptions of
Grodinsky and Holyoke (1938). Not all the
potential spaces are totally empty, or always so;
the retropharyngeal lymph nodes of Rouviere
(1938) are normal in children but regress in
puberty (Costa et al. 2011; Debnam and Guha-
Thakurta 2012).

Deep neck infections involve potential spaces
and actual fascial planes. For instance, acute ret-
ropharyngeal abscesses from infected nodes that
drain lymph from the ear, nose, and throat are
usually seen in young children below 5 years of
age (Christoforidou et al. 2012), while acute ret-
ropharyngeal abscesses in adults may result from
foreign bodies, penetrating injuries, endotracheal
intubation, or endoscopic procedures (Harkani
et al. 2011; Patil et al. 2011). On the other hand,
chronic retropharyngeal abscesses are commonly
seen in adults and are usually of tuberculous eti-
ology (Hsu and Chen 2019). They are usually due
to tuberculous involvement of the cervical spine,
spreading by direct erosion (Raza and Rahat
2010; Hsu and Chen 2019) or via the lymphatics
to a persisting retropharyngeal lymph node (Patil
et al. 2011). Tuberculous deep neck space infec-
tions or retropharyngeal abscesses may also orig-
inate from pulmonary or extrapulmonary TB at
other sites. In rare cases, pulmonary TB can
spread hematogenously and form an abscess in
the retropharyngeal space (Meher et al. 2006).

3.3 Clinical Features, Course,

and Complications

The clinical presentation of deep neck space
tuberculous infections is related to the space
involved and extent of infection. Common pre-
sentations of retropharyngeal abscesses include

chronic dysphagia (Thomas et al. 1995;
Christoforidou et al. 2012), neck pain and dys-
phagia (Menon and Baruah 2014), neck pain,
dysphagia, and odynophagia (Hsu and Chen
2019). Neck pain, dysphagia, and headache can
also occur (Kosmidou et al. 2020). Presentations
may range from indolent odynophagia and neck
pain for 2 months, without any other constitu-
tional symptoms (Ekka and Sinha 2015), to
insidious-onset fever, neck pain, dysphagia, and
hoarseness of voice (Al Soub 1996) and to more
fulminant fever, odynophagia, torticollis, and
trismus (Harkani et al. 2011).

In children particularly, retropharyngeal
tuberculous abscesses may present as obstruc-
tive sleep apnea (OSA) (Zafereo and Pereira
2008; Kocak et al. 2017; Weldetsadik et al.
2019), although new-onset and worsening ster-
tor or snoring, with signs and symptoms of
OSA, has been reported in an adult (Patel and
Hinni 2013). In other cases, neurological defi-
cits may occur, ranging from retropharyngeal
tuberculous abscess with isolated twelfth nerve
palsy (Gunawardana et al. 2004) to Horner syn-
drome (Raza and Rahat 2010) and to a large
cervicothoracic spinal tuberculous abscess
extending from C5 to T3 vertebrae causing spi-
nal cord compression and presenting with
weakness of the right hand and unsteady gait
(Manoharan et al. 2013).

Many tuberculous abscesses are “cold,” pre-
senting without the usual signs of inflammation
such as hyperemia and heat (in contrast to other
bacterial infections), and the classic symptoms of
TB (night sweats, weight loss, cachexia, fever)
may not be present. However, neck rigidity,
external neck swelling, and airway obstruction
may occur in more severe cases (Christoforidou
et al. 2012). Indeed, tuberculous deep neck space
abscesses may become fatal by extension into the
carotid sheath, cause airway obstruction from
direct mass effect or tracheobronchial aspiration
from spontaneous rupture, and spread into the
mediastinum (causing mediastinitis and empy-
ema thoracis) or even septic shock, with mortal-
ity rates as high as 50% (Mizumura et al. 2010;
Hsu and Chen 2019).
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Fig. 12 US imaging of neck tuberculous abscess.
Transverse color Doppler US image taken at the level of
the thyroid gland in a patient who presented with neck
pain and right neck mass shows echogenic fluid collection
(open arrows) posterior to the thyroid right lobe (T) caus-
ing anterior displacement of the thyroid gland. The fluid
collection has peripheral vascular flow at the rim and
absent vascular flow in the center

3.4 Imaging Features

3.4.1 Ultrasound Imaging

Abscess collections due to TB have a similar
appearance to abscesses elsewhere in the body.
An irregular area of echogenic fluid collection in
the neck space with absent internal vascular flow
on color Doppler US study typical for an abscess
can be demonstrated in the superficial neck
spaces (Fig. 12). Sometimes, moving internal
echogenic content suggestive of fluid can be
demonstrated on US images. An abscess in the
deep neck space such as in the retropharyngeal
space cannot be explored with US imaging and
should be evaluated with CT or MRI.

3.4.2 Computed Tomography

CT better demonstrates extension of tuberculous
abscesses in the neck, especially in deep loca-
tions. The abscess collection shows irregular rim
enhancement with central low density (Fig. 13).
The abscess may be present in the area of tuber-
culous lymphadenitis, such as in the retropharyn-
geal space, posterior cervical  space,
submandibular space, and submental space.
Some abscesses may extend from the adjacent

Fig. 13 Tuberculous neck abscess from ruptured tuber-
culous lymphadenitis. Axial contrast-enhanced CT image
shows a loculated rim-enhancing fluid collection in the
left posterior cervical space (arrow). The patient had US
imaging of the neck 6 weeks before CT, which showed
left cervical lymphadenopathy with internal necrosis at
the same area as an abscess (see Fig. 1b). Note that the
adjacent sternocleidomastoid muscle appears normal
(arrowhead). Minimal fat stranding is present in the poste-
rior cervical space (open arrow)

primary organ infection, such as in the
peritonsillar region from tonsillitis, or preverte-
bral space from spinal infection. Adjacent fat
stranding and muscle thickening are absent, or
mild to moderate in degree (Lee et al. 1994).

3.4.3 Magnetic Resonance Imaging
Tuberculous abscesses have the same MRI char-
acteristics as other causes of abscess formation.
Findings of a hyperintense rim with central
hypointense content on T1-weighted MR images,
or penumbra sign, and hypointense rim with cen-
tral hyperintense content on T2-weighted MR
images, are highly suggestive of an abscess
(McGuinness et al. 2007; Chun et al. 2018)
(Fig. 14). Peripheral rim enhancement with cen-
tral nonenhancing contents is a typical finding.

3.5 Imaging Differential Diagnosis

The major differential diagnosis is pyogenic
abscess. Compared to tuberculous abscess, a
pyogenic abscess shows more severe adjacent
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Fig. 14 Tuberculous neck abscesses in a woman who has
underlying end-stage renal disease with disseminated TB
of the brain, lung, lymph nodes, spine, and adrenal glands.
Axial (a) T1-W and (b) T2-W MR images show a
right neck abscess, which is TIl-hypointense and
T2-hyperintense at the center and has an irregular
T1-hyperintense and T2-hypointense rim (open arrows).
The patient also has tuberculous spondylodiscitis with a

soft tissue reaction. The fat infiltration, subcuta-
neous tissue swelling, and adjacent muscle thick-
ening are more prominent than in tuberculous
abscess (Lee et al. 1994) (Fig. 15).

3.6 Diagnosis Confirmation

A high index of clinical suspicion is needed,
along with a careful history and physical exam-

large anterior epidural abscess (solid arrows) at C5-6
vertebrae. Axial (¢) T1-W and (d) T2-W MR images of
the lower cervical spine show bilateral prevertebral

abscesses (arrows), which have a characteristic
T1-hypointense and T2-hyperintense center and a
T1-hyperintense and T2-hypointense rim. The abscesses
extend from the spondylodiscitis at C5-6 level

ination, since many deep neck infections are
not evident on palpation or visual inspection
(Gujrathi et al. 2016). Early diagnosis is the key
to definitive treatment and is based on clinical
suspicion particularly in an endemic area,
radiological features, bacteriology cultures,
histopathology, and PCR test (Christoforidou
etal. 2012). Needle aspiration can be both diag-
nostic and therapeutic and may be performed
under ultrasound or CT guidance, avoiding the
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Fig. 15 Pyogenic neck abscess in a patient who has
underlying diabetic mellitus. Axial contrast-enhanced CT
image shows an irregular rim-enhancing fluid collection
in the left carotid space (solid arrow). Note the swelling of
adjacent sternocleidomastoid muscle (open arrow), cloud-
ing and swelling of the subcutaneous fat, and thickening
of the overlying skin (arrowheads). These features are
more severe than those of tuberculous abscess. Pus culture
showed Klebsiella pneumoniae

need for more invasive surgical drainage
(Mizumura et al. 2010; Manoharan et al. 2013;
Martin et al. 2014; Menon and Baruah 2014,
Kosmidou et al. 2020). Aspirates can be sub-
mitted for AFB stains and microbiological cul-
ture and sensitivity, as well as microscopic
examination by PCR gene probe (Menon and
Baruah 2014; Kosmidou et al. 2020).

3.7 Treatment

If an abscess is large enough to be clinically
detected, surgical drainage is indicated through
the best access route (transoral or external cervi-
cal) using traditional incision or needle aspiration
(Meher et al. 2006; Mizumura et al. 2010),
although there may be room for closely moni-
tored conservative treatment alone with anti-TB
drugs (Al Soub 1996; Ekka and Sinha 2015).
However, it may be more prudent and effective to
combine aspiration, which is both diagnostic and
therapeutic, with anti-TB therapy (Mizumura
et al. 2010; Manoharan et al. 2013; Martin et al.
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2014; Menon and Baruah 2014; Kosmidou et al.
2020). In all cases, the decision to choose aspira-
tion and antibiotic therapy over surgical drainage
should consider airway protection (Gujrathi et al.
2016). The duration of combination TB therapy
for extrapulmonary TB ranges between nine and
12 months (Menon and Baruah 2014; Hsu and
Chen 2019).

4 Salivary Gland Tuberculosis

4.1 Introduction

The first recorded case of parotid gland TB in the
English literature was reported by De Paoli in
1893 (Chaudhary 1997). Salivary gland TB
ranked second to cervical lymphadenopathy
among 128 cases of head and neck TB, out of
1,315 cases of TB (Menon et al. 2007). TB of the
salivary glands should be included in the differ-
ential diagnosis of a possible salivary gland mass,
especially when the patient is from a low socio-
economic group with poor hygiene standards, is
malnourished, and is from an endemic area
(Ataman et al. 1992). Salivary gland TB is also
more common in immunosuppressed patients
(Tauro et al. 2011), reflected, for example, in the
general increase in the proportion of extrapulmo-
nary TB along with the rise of HIV infection
(Al-Serhani 2001).

4.2 Pathophysiology

According to Dadwal (2011), primary TB is a
common cause of granulomatous disease of the
salivary glands, is usually unilateral, and is more
common in the parotid gland. Primary salivary
gland TB may arise from a preceding tooth or
possible tonsil infection, and direct extension to
the salivary gland parenchyma by the bacillus
may occur through the duct system (Tauro et al.
2011; Gupta et al. 2012). Consumption of unpas-
teurized raw milk may be a source of contamina-
tion by M. bovis (Belatik et al. 2019). An unusual
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route of infection of intraparotid and periparotid
lymph nodes is by lymphatic drainage from the
oral cavity. Hematogenous spread from a pulmo-
nary focus has also been identified (Garg et al.
2010). Primary TB of the salivary gland occurs in
two forms, namely as an acute inflammatory
lesion mimicking acute suppurative sialadenitis
or as a chronic tumorous lesion (Ataman et al.
1992; Dadwal 2011). Secondary TB refers to the
involvement of the salivary glands by TB in the
setting of systemic TB infection, particularly pul-
monary TB (Dadwal 2011). Unlike primary TB,
secondary TB involves the submandibular and
sublingual glands more frequently than the
parotid glands (Dadwal 2011).

4.3 Clinical Features, Course,

and Complications

Tuberculous disease is very difficult to distin-
guish clinically from other possible diffuse dis-
eases of the salivary glands. Such nonneoplastic
disorders affecting the salivary glands include
chronic sialadenitis, sarcoidosis, animal scratch
disease, actinomycosis, and Sjogren syndrome
(Dadwal 2011). The rate of growth may be a dis-
tinguishing factor, as other benign salivary gland
neoplasms grow slowly over years, compared to
a few months in a tuberculous mass (Tauro et al.
2011). This rate of growth gradually increases
painlessly over a period of 2—6 months on aver-
age (Belatik et al. 2019). However, clinical symp-
toms may vary from an acute infectious process
to an indolent chronic presentation (Garg et al.
2010). Parotid gland TB mostly presents as a
localized and progressive chronic swelling (Garg
et al. 2010). The swelling may be firm and hard,
sometimes nodular, with varying degrees of fixa-
tion resembling a tumor, but fistulization may
reveal the tuberculous etiology (Belatik et al.
2019). Constitutional symptoms of TB are usu-
ally absent. In addition, there may often be no
evidence of active TB in other parts of the body
(Ataman et al. 1992).

4.4 Imaging Features

The TB mycobacteria may involve the paren-
chyma of the salivary gland, intraglandular
lymph node, or both. The parotid gland is the
only major salivary gland that has lymph nodes
embedded within its parenchyma, so the intrag-
landular lymph node pattern is only observed in
the parotid gland.

4.4.1 \Ultrasound Imaging

In the parenchymal type of salivary gland TB, US
imaging shows diffuse enlargement of the sali-
vary gland with hypoechoic or heterogeneous
echoic changes of the parenchyma (Chou et al.
2004). Anechoic or marked hypoechoic areas
with absent interval vascular flow from abscess
formation may be present. Intraparotid lymph-
adenopathy is usually multiple, located in the
superficial lobe, and 6 mm or larger in size. The
enlarged lymph node has marked hypoechoic
cortex thickening with decreased or absent hilar
fat, which is a non-specific feature. As US imag-
ing has limitations in the evaluation of deep lobe
parotid involvement; CT or MRI is better for
assessment, particularly if there is extension into
the deeper tissues.

4.4.2 Computed Tomography

On contrast-enhanced CT, parenchymal involve-
ment is seen as enlargement of the affected sali-
vary gland with diffusely increased parenchymal
enhancement, compared to the unaffected side
(Fig. 16a). Intraparotid lymphadenopathy may be
homogeneous or show areas of low density from
caseous necrosis, together with rim enhancement
(Fig. 16b). The enhancing solid rim can be
smooth and thin or irregular and thick (Sah et al.
2016). If a dominant lymph node is present, the
appearance of a solid mass or a mass with inter-
nal cystic/necrotic components may mimic a sali-
vary gland tumor (Fig. 17). On occasion, a
rim-enhancing fluid collection typical of abscess
may be present within the parenchyma (Fig. 18).
There is usually accompanying surrounding
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Fig. 16 Parenchymal and lymph node involvement in
parotid tuberculosis in two different patients. (a) Axial
contrast-enhanced CT image shows diffuse enlargement
and increased enhancement of the left parotid gland (open
arrows) with multiple parotid lymph nodes showing irreg-
ular thin rim enhancement with central necrosis (small
solid arrows). A small round calcification (arrowhead) is
present in a necrotic lymph node within an accessory

Fig. 17 Parotid tuberculosis presenting as a mass.
Coronal contrast-enhanced CT image shows a mass with
ill-defined margins in the right parotid tail (open arrow).
The mass has internal enhancing solid nodules and a large
necrotic component. Note the adjacent parotid parenchy-
mal enhancement (arrow)

parotid tissue overlying the left masseter muscle. (b)
Axial contrast-enhanced CT image in another patient
shows multiple low-density intraparotid lymph nodes
with rim enhancement in the right parotid gland (small
open arrows). The right parotid gland is slightly enlarged
with increased parenchymal enhancement. A rim-
enhancing periparotid lymph node with central low den-
sity is also present (solid arrow)

Fig. 18 Abscess formation in parotid tuberculosis. Axial
contrast-enhanced CT image shows an irregular rim-
enhancing fluid collection typical of an abscess in the
superficial lobe of left parotid gland with extension to the
deep lobe (arrows). The surrounding left parotid paren-
chyma shows increased enhancement with enlargement of
the gland compared to the normal right side
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parenchymal enhancement. Associated fat
stranding and overlying fascial thickening are
usually seen. Fistulation to the skin may be
observed in late stages. Calcifications may be
present but do not help in diagnosis, since other
conditions may produce intraglandular calcifica-
tions, such as sialolithiasis or chronic
sialadenitis.

4.4.3 Magnetic Resonance Imaging

On MRI, lymphadenopathy in the salivary gland
shows isointense signal on T1-weighted images,
hyperintense signal on T2-weighted images,
hyperintense signal from restriction on DWI, and
hypointense signal on the ADC map (Zhang et al.
2018).

4.5 Imaging Differential

Diagnosis

The differential diagnosis of salivary gland TB
depends on the pattern of involvement. The
parenchymal pattern of salivary gland TB, which
is seen as diffuse salivary gland enlargement with
increased enhancement, can be observed in sial-
adenitis from other causes such as bacterial or
viral sialadenitis. The multiple intraparotid
lymph nodes detected on imaging should be dif-
ferentiated from lymphoid hyperplasia in autoim-
mune disease, lymphoma, Warthin tumor, and
metastasis. If there is one dominant lymph node
mimicking a mass, the disease should be differ-
entiated from benign and malignant tumors such
as pleomorphic adenoma, Warthin tumor, muco-
epidermoid carcinoma, adenoid cystic carci-
noma, and metastasis. Frank abscess formation
should be differentiated from acute bacterial sup-
purative sialadenitis.

In acute bacterial suppurative sialadenitis, the
gland enlargement and parenchymal enhance-
ment, as well as abscess formation, are indistin-
guishable from tuberculous sialadenitis on
imaging (Fig. 19). The degree of overlying fascia
thickening, fat stranding, and skin thickening are
similar to tuberculous infection. Clinical features
of acute painful swelling of the affected area may
suggest acute bacterial infection rather than

TB. However, the diagnosis is based on bacterio-
logical confirmation.

Warthin tumor may present as a single mass or
multiple masses within the salivary gland.
Warthin tumor usually contains internal cystic
components, which lack rim enhancement or
may have smooth, very thin rim enhancement
(Fig. 20), while the rim enhancement of necrotic
lymph nodes in TB tends to be thicker and some-
times irregular. Lymphoma may present as a sin-
gle mass within the salivary gland or as multiple
intraglandular lymph nodes. Occasionally,
untreated lymphoma shows areas of tumor necro-
sis. The necrotic area within the lymphoma usu-
ally shows no rim enhancement or faint thin rim
enhancement (Fig. 21), different from TB which
always shows distinct rim enhancement.

Other tumors such as pleomorphic adenoma,
adenoid cystic carcinoma, mucoepidermoid
carcinoma, and parotid lymph node metastasis
may contain internal cystic or necrotic compo-
nents, similar to TB. However, in these tumors,
the surrounding parotid parenchyma usually
shows normal enhancement, while in TB, it is
common to see surrounding parenchymal
enhancement (Fig. 22).

4.6 Diagnosis Confirmation

A presumptive diagnosis of tuberculous sialade-
nitis should be considered in patients presenting
with a salivary gland mass and if there is evi-
dence of TB elsewhere in the body (Ataman et al.
1992; Bottini et al. 2007). The diagnosis can be
made from saliva specimens, but is particularly
difficult if glandular secretions from Wharton
duct or saliva are negative for AFB (Ataman et al.
1992; Bottini et al. 2007). However, in cases
where no lesion is detectable elsewhere, FNAC,
tissue culture, or histopathology has been utilized
(Tauro et al. 2011). The specimen can be sub-
jected to AFB staining.

The PCR test for M. tuberculosis is a reliable
diagnostic tool that can be used if available and
should always be considered before surgical
intervention (Kim et al. 2005). Rapid molecular
tests are currently the WHO-recommended initial
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Fig. 19 Acute suppurative bacterial parotitis in three dif-
ferent patients. (a) Axial contrast-enhanced CT image
shows diffuse increased enhancement with slight hetero-
geneous enhancement of the left parotid gland (solid
arrows). Pus culture from left parotid tissue grew
Streptococcus viridans. (b) Axial contrast-enhanced CT
image in a different patient shows diffuse enlargement and
increased enhancement of the left parotid gland contain-
ing multiple intraparotid lymph nodes with areas of cen-

tral low density and rim enhancement (small open arrows).
Fat stranding and subcutaneous tissue swelling adjacent to
the left parotid gland are present (large solid arrow). Pus
culture from the left parotid gland grew Staphylococcus
aureus. (¢) Axial contrast-enhanced CT image in a differ-
ent patient shows an irregular rim-enhancing abscess in
the superficial and deep lobes of the right parotid gland
(large open arrows). Pus culture from the right parotid
gland grew Staphylococcus aureus
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Fig.20 Warthin tumor in two different patients. (a) Axial
contrast-enhanced CT image shows a round, circum-
scribed solid mass with internal cystic component in the
right parotid gland. The cystic component has no rim
enhancement (open arrow). (b) Coronal contrast-enhanced
CT image in a different patient shows multiple well-

Fig. 21 Lymphoma of the parotid gland in a patient with
underlying systemic lupus erythematosus. Axial contrast-
enhanced CT image shows multiple circumscribed masses
in the parotid glands bilaterally (open arrows). The mass
in the right parotid shows an internal necrotic area that has
no rim enhancement. Fatty change of the parotid paren-
chyma is present

circumscribed masses in both parotid glands mimicking
multiple lymphadenopathy. Some of the masses are solid
and homogeneously enhanced (small open arrows), while
some show internal cystic components, which have thin
rim enhancement (small solid arrows). The surrounding
parotid parenchyma appears normal

diagnostic tool for TB (WHO 2020). Testing
should be performed prior to any surgical inter-
vention to identify the differential diagnosis of
salivary gland tumor (Tauro et al. 2011).
Otherwise, the diagnosis may be a histological
surprise after surgical excision (Kim et al. 2005;
Belatik et al. 2019). Incision biopsy is generally
avoided as it can lead to a chronic fistula (Tauro
et al. 2011). If the lesion needs to be surgically
exposed, an excisional biopsy should be carried
out (Ataman et al. 1992; Bottini et al. 2007).

4.7 Treatment

If treated properly, the prognosis of TB of the
salivary glands is good, and surgery is not
required in most cases (Kim et al. 2005; Garg
et al. 2010). The majority of cases of salivary
gland TB resolve after initiation of anti-TB medi-
cation, and surgery should be reserved for lesions
showing poor or no response to anti-TB medica-
tion (Kim et al. 2005; Gupta et al. 2020).
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Fig. 22 Malignant parotid tumors in two different
patients. (a) Mucoepidermoid carcinoma of the right
parotid gland. Axial contrast-enhanced CT image shows a
lobulated mass containing an internal cystic component
(open arrow). The parenchyma adjacent to the mass shows
normal enhancement (solid arrow). (b) Primary squamous

5 Conclusion

Imaging of TB in the head and neck region is
non-specific and has to be differentiated from
other infections and malignancy. Some imaging
clues may help suggest a diagnosis of TB rather
than other diseases. Radiologists should know
the spectrum of imaging features of head and
neck TB and include TB in the differential diag-
nosis in the appropriate clinical and imaging set-
tings. Close collaboration with head and neck
surgeons is important for optimum patient care.
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larynx. Each of these organs or structures has
different clinical presentations and imaging
characteristics, and important pointers and
imaging findings that may suggest tuberculo-
sis are mentioned. Knowing the imaging spec-
trum of tuberculosis in these organs is
important for radiologists because they can
help alert clinicians, such as otorhinolaryn-
gologists, initiate proper investigation and
early treatment.

Abbreviations

COM Chronic otitis media

CT Computed tomography

MRI Magnetic resonance imaging
TB Tuberculosis

TBOM  Tuberculous otomastoiditis

1 Introduction

The ear and temporal bone, nose and sinonasal
cavities, pharynx and larynx are deep structures
in the head and neck which are difficult to assess
by routine ear, nose, and throat (ENT) examina-
tion alone. Imaging plays an important role in the
evaluation of the diseases in these structures.
Imaging findings of sinonasal, pharyngeal, and
laryngeal tuberculosis (TB) are varied and the
differential diagnosis depends on the pattern of
involvement. For instance, the imaging features
of early tuberculous otomastoiditis may be simi-
lar to those of bacterial otomastoiditis, except for
the lack of mastoid sclerosis that may help sug-
gest TB.

Although imaging findings of TB in these
structures are non-specific and have to be differ-
entiated from other diseases, including other
infections, malignancy, and other granulomatous
diseases; there are some clinical or imaging char-
acteristics that can help suggest a diagnosis of
TB. Imaging can also help in the localization of

disease, evaluate extension, and can be used for
follow-up after treatment. It may be difficult to
make a diagnosis of TB at first presentation, but
awareness of the possibility of this disease can
help in achieving a diagnosis, and early treatment
can prevent serious sequelae.

2 Tuberculous Otomastoiditis

2.1 Introduction

Tuberculous otomastoiditis (TBOM) is one of the
many forms of extrapulmonary TB, and one of its
rarer manifestations. In the early eighteenth cen-
tury, the French surgeon Jean Louis Petit (1674—
1750) first described tuberculous involvement of
the temporal bone (Ormerod 1931). Its apparent
rarity may be compounded by its being a com-
monly missed diagnosis (Bhalla et al. 2001). The
post-operative incidence of TBOM in two sepa-
rate two-year series in India ranged from 4.9%
(25 out of 502) to 8.2% (15 out of 181) of cases
operated on for chronic suppurative otitis media
reported by Kameswaran et al. (2017) and
Deenadayal et al. (2016), respectively. Difficulty
and delay in its diagnosis are a persistent issue, as
it can be mistaken for chronic otitis media (COM)
due to its variable presentations (Aremu and
Alabi 2010; Abes et al. 2011).

2.2 Pathophysiology

In 1835, Romberg and Geissler associated TBOM
with pulmonary TB (Ormerod 1931). The coinci-
dence of TBOM with pulmonary TB ranges from
32% (Yaniv 1987) to 75% (Nishiike et al. 2003);
and a history of pulmonary TB has been identi-
fied as a predictor of TBOM (Abes et al. 2011). It
may be prudent to heed the advice of Aremu and
Alabi (2010) that otorrhea in a patient with
known or suspected active pulmonary TB should
be assumed to be TBOM until proven otherwise.
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Prosper Méniere is credited with the descrip-
tion of the tympanic membrane destruction to
which he ascribed the severe deafness in TB,
before Koch demonstrated the tuberculous bacil-
lus in 1882 (Myerson and Gilbert 1941; Birrell
1973) and Esche found the bacillus in aural dis-
charge in 1883 (Birrell 1973). Three mechanisms
are considered in TBOM, namely spread to the
middle ear from the Eustachian tube, hematoge-
nous spread from another organ site, and direct
implantation in the middle ear via the external
auditory canal through a perforated tympanic
membrane (Cho et al. 2006).

2.3 Clinical Features, Course,

and Complications

The clinical presentation of TBOM can be very
similar to the more commonly diagnosed
COM. These are otorrhea, hearing loss, tympanic
membrane perforations, and (in advanced cases)
swelling around the ear and facial palsies
(Deenadayal et al. 2016). The now classical pic-
ture of painless onset of discharge and appear-
ance of the tympanic membrane was first
discussed by Wilde in 1853, while Schwartze
noted the cheesy infiltration and tubercles of the
middle ear mucosa in 1878 (Birrell 1973). The
classic triad for TBOM consists of painless otor-
rhea, multiple small tympanic membrane perfo-
rations, and facial nerve paralysis (Cho et al.
2006).

The main symptom is otorrhea, accompanied
by hearing loss in most cases (Cho et al. 2006)
although both Windle-Taylor and Bailey (1980)
and Yaniv (1987) did not find otorrhea significant
in their retrospective series of 22 cases and 31
cases (33 ears) of TBOM, respectively. Otorrhea,
hearing loss, and facial palsy have been reported
together (Bhalla et al. 2001; Aremu and Alabi
2010), with facial palsy being less frequent (Vital
et al. 2002; Cho et al. 2006). Lee and Drysdale
(1993) reported two cases of concurrent otorrhea
and facial paralysis. Concurrent hearing loss and

facial paralysis have also been described (Vital
et al. 2002; Kameswaran et al. 2017). Windle-
Taylor and Bailey (1980) identified unexpectedly
severe hearing loss and facial paralysis as signifi-
cant features in a series of 22 cases of
TBOM. Aside from severe hearing loss and facial
paralysis, other complications are labyrinthine
fistula, postaural fistula, perichondritis, and
extradural abscess (Kameswaran et al. 2017).

Multiple small tympanic membrane perfora-
tions are noted less frequently (Vital et al. 2002;
Deenadayal et al. 2016), or not at all. In a series
of 12 patients (13 ears) with TBOM, Nishiike
et al. (2003) observed central or total perforations
of the tympanic membrane in most cases, but
none had multiple perforations. Yaniv (1987) did
not find multiple perforations significant in a
series of 31 cases (33 ears) of TBOM, and only a
large subtotal perforation was found by Aremu
and Alabi (2010). It is conceivable that while
they may be present in early TBOM, multiple
perforations can eventually merge to form a sin-
gle larger perforation. In a six-year review of 12
cases (13 ears) of TBOM, the five otoscopic pre-
sentations identified were multiple perforations,
single perforation with refractory otorrhea and
exuberant granulation tissue formation, single
perforation with minimal otorrhea and no granu-
lation tissue formation, intact tympanic mem-
brane with middle ear effusion, and intact
tympanic membrane with tumor-like tissue in the
middle ear (Abes et al. 2011). Abundant pale
granulations are frequently found in the middle
ear (Windle-Taylor and Bailey 1980; Yaniv 1987,
Deenadayal et al. 2016) and external auditory
canal (Deenadayal et al. 2016).

The variable presentations of TBOM and their
similarity to COM and other chronic ear condi-
tions demand that especially in endemic areas or
potentially susceptible populations (or in cases
resistant to treatment of other conditions), physi-
cians maintain a high index of suspicion to catch
the disease early on, before complications start to
manifest (Myerson and Gilbert 1941; Yaniv 1987,
Bhalla et al. 2001; Abes et al. 2011).
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24 Imaging Features
2.4.1 Computed Tomography

Computed tomography (CT) is the imaging
modality of choice for evaluating patients pre-
senting with symptoms of COM. CT can
demonstrate extension of soft tissue and integrity
of the bony structures in the external auditory
canal (EAC), middle ear, inner ear, and mastoid
which are useful information for surgery. In
TBOM, the EAC often shows mucosal thicken-
ing or soft tissue occlusion (Fig. 1a). The hall-
mark CT features of TBOM are total opacification
of the middle ear cavity and mastoid air cells in a
well-developed mastoid without sclerotic change
(Cho et al. 2006; Rho et al. 2007) (Fig. 1b). If
sclerosis of mastoid air cells is present in TBOM,
it is likely that the patient has pre-existing COM
with superimposition of TB.

Bone erosion occurs in late disease of TBOM
and can be observed at the mastoid septa, outer
cortex of mastoid bone, EAC, ear ossicles, and
bony labyrinth (Fig. 2a). More extensive disease
may result in skull base destruction (Cho et al.
2006). The scutum is usually intact in TBOM
(Rho et al. 2007). TBOM that shows scutum ero-
sion should raise the suspicion of concurrent cho-
lesteatoma. Coexistent cholesteatoma has been
found in 14.3-33.3% of cases with TBOM
(Wolfowitz 1972; Chaturvedi and Chaturvedi
1986; Yaniv 1987; Maheshwari and Panigrahi
2017). Patients who have concurrent TBOM and
cholesteatoma may have imaging appearances of
both diseases, causing difficulty in diagnosis
(Fig. 2).

2.4.2 Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) shows bene-
fit over CT in demonstration of membranous
labyrinth involvement, facial nerve involvement,
skull base infiltration, and intracranial complica-
tions which are present in severe cases of
TBOM. There are limited reports of the MRI
findings in TBOM due to rarity of the disease. On
MRI, the inflammatory granulomatous tissue
appears hypointense on both T1-weighted and
T2-weighted images, with diffuse contrast
enhancement (Munoz et al. 2009) (Fig. 2e—g).

Fig. 1 Tuberculous otomastoiditis. (a) Coronal CT image
shows mucosal thickening along the roof of external audi-
tory canal (open arrow). The scutum is intact (small solid
arrow). (b) Axial CT image shows total opacification of
the middle ear cavity, aditus ad antrum, mastoid antrum,
and mastoid air cells (large solid arrows). Note that the
opacified mastoid air cells are well developed and show
no sclerosis

25 Imaging Differential

Diagnosis

The two major diseases that should be differenti-
ated from tuberculous otomastoiditis are COM
and cholesteatoma. Middle ear and mastoid
opacification in COM are always accompanied
by mastoid sclerosis and poor pneumatization
(Fig. 3). This is in contrast to TBOM where scle-
rosis is uncommon and tends to occur in well-
developed mastoid air cells. Bone destruction is
less common in COM, compared to TBOM (Cho
et al. 2006). As cholesteatoma is a complication
of COM, mastoid sclerosis is always present. The
typical location of bony erosion in cholesteatoma
is at the scutum; while in TB, the scutum is spared
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Fig. 2 Tuberculous otomastoiditis with bony labyrinth
erosion and cholesteatoma. (a) Coronal CT image shows
lateral semicircular canal erosion (arrow). (b) Axial heav-
ily T2-W (FIESTA) MR image shows hyperintense signal
in the cochlea, vestibule, and lateral semicircular canal
(arrows) suggesting that the membranous labyrinth is
intact. At surgery, granulation tissue was found in the
middle ear and on the lateral semicircular canal, resulting
in lateral semicircular canal erosion. (¢) Coronal CT
image shows blunting of scutum (solid arrow) with soft
tissue opacification in the epitympanum (open arrow),

mesotympanum, and hypotympanum. At surgery, choles-
teatoma was found in the epitympanum causing scutum
erosion. (d) Axial CT image taken at level of hypotympa-
num shows soft tissue opacification in the hypotympanum
from granulation tissue (arrow). Note sclerosis and poor
pneumatization of the mastoid air cells from chronic mas-
toiditis. Axial (e) fat-suppressed T1-W, (f) fat-suppressed
T2-W and (g) contrast-enhanced fat-suppressed T1-W
MR images taken at the same level as (d) show hypoin-
tense soft tissue with enhancement, suggestive of granula-
tion tissue (arrow)
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(Rho et al. 2007) (Fig. 4). However, on MRI,
cholesteatoma can be distinguished from granu-
lomatous tissue due to TB by its T2-hyperintensity,
lack of contrast enhancement and hyperintense
signal on diffusion-weighted imaging (DWI).

2.6 Diagnosis Confirmation

Early diagnosis and prompt treatment of TBOM
may prevent devastating otologic sequelae and
central nervous system complications. In atypical
cases of COM, repeated cultures of ear discharge

Fig. 3 Chronic otomastoiditis. Axial CT image shows
opacification in the middle ear cavity, mastoid antrum and
mastoid air cells (open arrows). Poor pneumatization of
mastoid air cells with sclerotic changes is noted (solid
arrow)

can be obtained to rule out TBOM (Aremu and
Alabi 2010). However, bacteriological cultures of
ear discharge may not be reliable, as other organ-
isms (such as Staphylococcus, Pseudomonas,
Klebsiella, Proteus, and Streptococcus spp.) can
interfere with the growth of Mycobacteria tuber-
culosis (Windle-Taylor and Bailey 1980). Acid-
fast bacilli (AFB) are rarely found because of low
mycobacterial counts in extrapulmonary TB; ear
discharge smears are positive for AFB in only
0-20% of cases and cultures are positive for M.
tuberculosis in 5-44% of cases (Yaniv 1987,
Aremu and Alabi 2010). Gene amplification tech-
niques such as polymerase chain reaction (PCR)
may be used as a rapid and highly sensitive and
specific method to isolate M. tuberculosis DNA
from ear discharge as well as peripheral blood
(Taci et al. 2003).

If the cause of suppurative infection of the
middle ear is still undiagnosed, surgery (i.e., mid-
dle ear exploration and operative biopsy) may be
required for diagnosis (Robertson and Kumar
1995; Vital et al. 2002). This may range from a
middle ear biopsy under direct visualization with
a middle ear lavage (Aremu and Alabi 2010), to
microbiological and histopathological examina-
tions and PCR analysis of tissue taken during
tympanomastoidectomy (Kameswaran et al.
2017). Windle-Taylor and Bailey (1980) and
Yaniv  (1987) reported histological and
bacteriological ~examination of operative

Fig. 4 Cholesteatoma. (a) Coronal CT image shows soft
tissue opacification in the epitympanum (open arrow).
The scutum is blunted (arrow) typical for Prussak space
cholesteatoma. (b) Axial CT image shows erosions of the

ear ossicles (small open arrows). Sclerosis and poor pneu-
matization of the mastoid air cells are suggestive of
chronic mastoiditis (large solid arrow)
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material (granulation tissue from the middle ear
or mastoid) to be the diagnostic procedure in
20/22 and 31/31 cases, respectively. The diagno-
sis was based on histology, following middle ear
exploration for chronic middle ear disease, in
four other cases (Vital et al. 2002). According to
Abes et al. (2011), intraoperative granulation
with cheesy material is a clinical predictor of dis-
ease, along with a positive purified protein deriv-
ative (PPD) test and positive chest radiographical
findings.

Out of 15 cases diagnosed with TBOM on the
basis of exuberant pale granulation tissue
obtained during mastoid surgery, direct smear
Ziehl-Neelsen staining was positive in four
cases, concentration techniques were positive in
seven cases, molecular genetic studies were diag-
nostic in all cases, but none was positive on histo-
pathology (Deenadayal et al. 2016). A
combination of tests should be obtained, and the
diagnosis made on the basis of any, rather than
all, tests. In a series of 52 patients (53 ears) with
TBOM by Cho et al. (2006), a diagnosis of
TBOM was made if a specimen of the middle ear
revealed AFB, grew M. tuberculosis on a culture,
revealed characteristic histology, and/or was
PCR positive for M. tuberculosis. When present,
the classic histological findings (granulomas,
Langhans giant cells, and caseation necrosis) in
association with biomolecular PCR positivity
represent the cardinal diagnostic elements of
TBOM (Bhalla et al. 2001; Cho et al. 2006).

2.7 Treatment

The treatment of choice for TBOM is the same
as the standard treatment for extrapulmonary
TB. Patients will usually require combination
anti-TB drug therapy from at least six months
(Emmett et al. 1977; Yaniv 1987; Aremu and
Alabi 2010) up to nine months (Kahane and
Crane 2009). In most patients, anti-TB drugs
are an effective form of treatment (Cho et al.
2006). Patients who were treated early and did
not have middle ear surgery showed signifi-
cantly better clinical, radiological, and audio-
metric outcomes than those who were diagnosed

late and had more complicated surgical proce-
dures (Abes et al. 2011). On the other hand,
patients who underwent drug therapy after sur-
gery achieved more rapid healing of the ear and
more frequent closure of the tympanic mem-
brane than those who did not undergo surgery
(Cho et al. 2006).

For early TBOM, surgery does not appear to
provide any advantage over medical treatment,
and is reserved for the removal of bony sequestra
and to treat or prevent complications (Windle-
Taylor and Bailey 1980; Lee and Drysdale 1993;
Vital et al. 2002). Such complications for which
radical mastoidectomy is recommended include
facial paralysis, subperiosteal abscess, and laby-
rinthitis (Myerson and Gilbert 1941). On the
other hand, treatment with anti-TB drugs and sur-
gery gives good results and in selected cases,
tympanoplastic surgery may be useful (Windle-
Taylor and Bailey 1980). At the very least, a tym-
panoplasty is necessary after resolution of
TBOM, as tympanic membrane perforation does
not heal spontaneously.

3 Sinonasal Tuberculosis

3.1 Introduction

Primary sinonasal TB is rare (Sanehi et al. 2008);
its rarity is probably due to self-protective func-
tions of the nose such as ciliary movement, bac-
tericidal secretions, and mechanical filtering by
vibrissae (Goguen and Karmody 1995). Much
rarer is paranasal sinus TB, which usually
involves the maxillary sinus and is usually unilat-
eral (Sanehi et al. 2008). Joseph William
Gleitsmann (1907) credited Zdzislaw
Dmochowski (1864—-1924) with first document-
ing tuberculous bacilli in the maxillary sinus
post-mortem in 1895; and Ernst Oppikofer
(1874-1951) with positing TB as a preponderant
cause of general sinus disease among 25 sinus
pathologies out of 51 TB cases. Gleitsmann
(1907) himself reported 20 cases of maxillary
sinus TB, and Kim et al. (2007) reported eight
cases of sinonasal TB, of which only two involved
both the nasal cavity and sinus.
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3.2 Pathophysiology

Sinonasal TB may occur secondary to pulmonary
TB via inhalation of infected particles (Kim et al.
2014) or from traumatic digital inoculation of
bacilli into the nasal cavity (Kameswaran et al.
2007). Paranasal sinus TB can be seeded from the
bloodstream and lymphatics or by direct exten-
sion, although posterior nasal space TB without
nasal cavity involvement is extremely rare (Kim
et al. 2014). Of the 20 cases of maxillary sinus
TB reported by Gleitsmann (1907), 12 were from
tuberculous lesions of the nasal bones or upper
maxilla, while eight were from carious teeth.
Patients with tuberculous osteomyelitis of the
maxilla can present with multiple periodontal
dental abscesses (Gupta et al. 2014). Many cases
of sinonasal TB have been documented in other-
wise healthy, immunocompetent individuals
(Khan et al. 2017; Dey et al. 2018) who were
human  immunodeficiency  virus  (HIV)-
seronegative (Kant et al. 2013).

3.3 Clinical Features, Course,

and Complications

Primary nasal TB has been described in the col-
umella (Swain and Behera 2020), although it
commonly involves the septum and inferior tur-
binate (Goguen and Karmody 1995; Kim et al.
2014). Common symptoms of nasal TB are
chronic nasal obstruction, nasal discharge,
crusting, ulcerations at the nasal vestibule and
nasal cavity, and epistaxis (Kim et al. 2014;
Swain et al. 2017). Left untreated, TB of the
nasal cavity may invade the septum, leading to
septal perforation and involvement of the con-
tralateral nose. Septal perforation and cleft of
the nasal ala may be present (Kim et al. 2007),
and progression may result in a saddle nose
deformity. Neglected cases of sinonasal TB may
also lead to lupus vulgaris of the face and nasal
vestibule (Kim et al. 2007). In this form, TB
may encroach on the skin of the external nose

and the paranasal area. Repeated activation of
TB infection in the nasal cavity may also result
in chronic fibrosis and contracture of the nasal
alar region, leading to atrophic rhinitis and nasal
cavity stenosis (Khan et al. 2017; Swain et al.
2017). Involvement of the lateral nasal wall and
paranasal sinuses can cause unilateral nasal
obstruction and epiphora (Dey et al. 2018).

Paranasal sinus TB mostly involves the maxil-
lary sinus, and other sinuses are less frequently
involved. Paranasal sinus TB resembles other
granulomatous or neoplastic diseases and remains
an underdiagnosed entity (Kant et al. 2013).
Maxillary sinus TB may present with a facial
abscess (Jha et al. 2002) or as a more chronic
condition, such as multiple periodontal dental
abscesses (Gupta et al. 2014). Sanehi et al. (2008)
reported a case of maxillary and frontal sinus TB
that presented as a swelling above the medial
canthus, with no eye or nasal complaints, that
was initially diagnosed as a frontal mucocele.
Sharma and Baruah (2003) reported two cases of
isolated sphenoid TB in children. On the other
hand, sinus TB can be more destructive, mimick-
ing a neoplasm. Muhammad et al. (2020) reported
a left nasal cavity mass with contact bleeding
extending to the nasopharynx, involving the nasal
septum and filling the entire left maxillary sinus
with bony destruction of anterolateral, posterior,
and medial walls that manifested with five
months of nasal blockade and epistaxis, and was
initially diagnosed as a malignancy.

34 Imaging Features

3.4.1 Computed Tomography

There is a wide spectrum of CT appearances of
sinonasal TB, ranging from diffuse mucosal
thickening or opacification of sinus mimicking
bacterial sinusitis, to heterogeneously enhancing
soft tissue mimicking tumor (Lee et al. 1999;
Shah et al. 2010; Kim et al. 2014; Rai et al. 2016;
Swain et al. 2017; Upadhya et al. 2017; Dey et al.
2018; Muhammad et al. 2020) (Fig. 5a). The
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Fig. 5 Sinonasal tuberculosis. (a) Axial contrast-
enhanced CT image shows an enhancing soft tissue mass
in both sphenoid sinuses (black arrow) with hypodense
area of necrosis (black arrowhead). The soft tissue extends
outside the sphenoid sinus to involve both cavernous
sinuses (white arrows). (b) Axial CT image taken in bone

lesion may contain internal calcifications which
may be a clue to diagnosis (Moon et al. 1997).
The bony wall of the sinus may be intact, scle-
rotic, eroded, or extensively destroyed. Mixed
sclerosis and erosion of the sinus wall can occur
(Lee et al. 1999) (Fig. 5b). Obstruction of the
sinus from TB may result in mucocele with bony
wall erosion (Swain et al. 2017). The soft tissue
infection may extend outside the sinonasal cavity
to involve the orbit or intracranial structures such
as the cavernous sinus, dura, or floor of the ante-
rior cranial fossa.

3.4.2 Magnetic Resonance Imaging

Shah et al. (2010) reported the MRI appearance
of a case of sinonasal TB seen as a soft tissue
lesion that had isointense T1 signal, iso- to hyper-
intense T2 signal, and homogeneous contrast
enhancement (Shah et al. 2010). In another report
of tuberculous pansinusitis with orbital and intra-
cranial extension, the lesion appeared as an infil-
trative heterogeneous mass that had central
hypointense signal on T2-weighted images and
showed peripheral contrast enhancement (Rai
et al. 2016).

window setting shows sclerotic changes of the lateral
walls of the sphenoid sinus (solid arrows) and destruction
of the posterior wall of the sphenoid sinus (open arrow).
The intersphenoid septum is also destroyed and cannot be
identified

3.5 Imaging Differential

Diagnosis

Early sinonasal TB that shows only mucosal
thickening in the sinus or opacification of the
sinus, with or without bony wall sclerosis, is
indistinguishable from the imaging appear-
ances of acute or chronic bacterial sinusitis.
When the disease progresses and appears as
enhancing soft tissue, usually with bony
destruction, the differential diagnosis may
include invasive fungal sinusitis, and malig-
nancy such as lymphoma, primary sinus carci-
noma, or metastasis. Malignant tumors of the
paranasal sinuses appear as an enhancing mass
with bone destruction that is indistinguishable
from sinonasal TB (Fig. 6).

On imaging, invasive fungal sinusitis may be
seen as enhancing mucosal thickening, infiltra-
tive enhancing soft tissue, bony destruction or
extension outside the paranasal, similar to sino-
nasal TB. One uncommon finding that may help
suggest acute invasive fungal sinusitis is nonen-
hancement of the nasal turbinate on contrast-
enhanced MRI or the “black turbinate sign”
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Fig. 6 Malignancies of paranasal sinuses in three differ-
ent patients. (a) Squamous cell carcinoma of the left eth-
moid sinus. Axial contrast-enhanced CT image shows an
inhomogeneously enhancing mass with ethmoid septa
destruction. Note the necrotic area within the mass (black
arrowhead). The left sphenoid sinus is opacified due to
ostial obstruction (open arrow). (b) Diffuse large B cell
lymphoma in the left nasal cavity, left ethmoid sinus and
ostium of left maxillary sinus. Coronal contrast-enhanced
CT image shows inhomogeneously enhancing soft tissue

(Safder et al. 2010). This sign may be
occasionally observed on CT (Fig. 7a). Chronic
invasive fungal sinusitis may present as a soft
tissue mass with bony destruction (Fig. 7b, c).
The characteristic marked T2-hypointense MRI
signal within the lesion can help suggest fungal
infection.

with bony destruction of nasal turbinates, ethmoid septa
and uncinate process (arrow). Opacification of the remain-
ing part of the left maxillary sinus from ostium obstruc-
tion is present (star). (¢) Extranodal natural killer (NK)/T
cell lymphoma in bilateral nasal cavities, bilateral eth-
moid sinuses and bilateral maxillary sinuses. Coronal
contrast-enhanced CT image shows inhomogeneously
enhancing soft tissue with destruction of the ethmoid
walls, turbinates, and uncinate processes (open arrows)

3.6 Diagnosis Confirmation

The diagnosis of nasal TB is based on histolog-
ical identification of granulomatous inflamma-
tion, positive testing for acid-alcohol-resistant
AFB and positive culture (Masterson et al.
2011). Aside from fine-needle aspiration
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Fig. 7 Invasive fungal sinusitis in two different patients.
(a) Acute invasive fungal sinusitis from Rhizopus species.
Coronal contrast-enhanced CT image shows enhancing
mucosal thickening in the left nasal cavity and left eth-
moid sinus (open arrow) and opacification of the left max-
illary sinus. Note nonenhancing mucosal lining of left
inferior turbinate (black arrow) from ischemia (compared
to the enhancing mucosa on the right side) which help

cytology (FNAC) and Ziehl-Neelsen stain,
Sanehi et al. (2008) also mentioned using the
Mantoux tuberculin skin test to establish the
diagnosis. However, such diagnosis of primary
sinonasal TB is difficult. Nasal secretions and a
nasal swab are not used for diagnosis due to
low yield, and AFB are difficult to detect in sur-
gical specimens (Kim et al. 2014). Cases are
often diagnosed in hindsight by histopathology

suggest the diagnosis. (b and ¢) Chronic invasive fungal
sinusitis from entomophthoromycosis. (b) Axial contrast-
enhanced CT image shows homogeneously enhancing
soft tissue infiltration at the left inferior turbinate, left
nasal ala and premaxillary soft tissue (open arrows). (c)
Coronal CT image taken in bone window setting shows
erosion of the tip of the left inferior turbinate (open arrow)

(Gleitsmann 1907; Sharma and Baruah 2003;
Kant et al. 2013; Khan et al. 2017; Dey et al.
2018; Muhammad et al. 2020). Histologically,
spherical granulomas with central caseous
necrosis imply TB (Kim et al. 2014). Often,
neither histological nor bacteriological confir-
mation is possible, and diagnosis is made based
on empirical response to anti-TB medications
(Kim et al. 2014).
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3.7 Treatment

Multidrug anti-TB therapy is the keystone of
management for nasal TB (Khan et al. 2017,
Swain et al. 2017). As with other forms of
extrapulmonary TB, the duration of treatment
may last from six to 12 months, depending on
local TB guidelines (Kim et al. 2007). Therapy
usually includes initial treatment with three or
more bactericidal drugs (active phase), followed
by a prolonged maintenance phase with at least
two anti-TB drugs (Swain et al. 2017). According
to Kim et al. (2014), TB involving the nasal cav-
ity can be treated with anti-TB medications only,
while TB involving both the nasal cavity and
paranasal sinus as well as those involving the
paranasal sinus alone may need additional sinus
surgery for sinus drainage and specimen collec-
tion. Of the two cases of maxillary sinus TB
reported by Kant et al. (2013), one that presented
at an early stage could be managed with anti-TB
medications alone; the other that presented late
required surgical intervention as well. Good
responses to anti-TB medications were reported
in cases of TB of the maxillary and frontal sinus
(Sanehi et al. 2008) and sphenoid sinus (Sharma
and Baruah 2003).

4 Pharyngeal Tuberculosis

4.1 Introduction

Primary pharyngeal TB is extremely rare, even in
endemic areas (Theisen 1899; Gupta et al. 2005).
Before the turn of the century when it was seen
more frequently, reports of TB of the pharynx
ranged from a high of 1% of all cases of TB of the
upper air passages claimed by Lennox Browne,
to a more probable low of 0.07%, representing
one case out of 1,317 autopsies of cases of TB
reported by Willigk (Theisen 1899; Williams
1901; Newcomb 1904). The pharynx is much less
affected than the larynx (Goyal et al. 1998).
Theisen (1899) cited Bosworth as having seen
only five cases, and Levy only finding 17 cases

confined to the pharynx compared to 145 cases
with laryngeal involvement.

Although it occurs more commonly in associ-
ation with pulmonary TB (Hajioff et al. 1999;
Gupta et al. 2005), secondary TB of the pharynx
is also quite rare (Madhuri et al. 2002). According
to Newcomb (1904), TB of the pharynx was only
found in 14/1226 cases of pulmonary
TB. Pharyngeal TB has been described in the
oropharynx-soft palate (Haddad et al. 1987), ton-
sils (Selimoglu et al. 1995; Al-Serhani and
Al-Mazrou 2001; Krishnappa 2006; Sellami
et al. 2017; Tisekar et al. 2020), and posterior
oropharyngeal wall (Hajioff et al. 1999; Madhuri
et al. 2002; Gupta et al. 2005). Other reported
sites are the nasopharynx (Bath et al. 1992;
Chopra et al. 1994; Percodani et al. 1999;
Al-Serhani and Al-Mazrou 2001; Cai et al. 2013;
Mishra et al. 2015; Srivanitchapoom and Sittitrai
2016) including the adenoids (Mahindra et al.
1981; Patil et al. 2013), and hypopharynx
(Al-Serhani and Al-Mazrou 2001)—vallecula
and pyriform sinus (Goyal et al. 1998; Iravani
et al. 2015).

4.2 Pathophysiology
Pharyngeal TB may be uncommon due to the
protective mechanisms of the upper respiratory
tract. These may include the cleansing mecha-
nism of saliva containing saprophytes with
phagocytic properties, thick epithelium cover
(Goyal et al. 1998), and antagonistic property of
striated musculature to bacillus invasion (Gupta
et al. 2005). Other protective characteristics of
the pharynx are its local pH (Pande et al. 1995).
Although the usual lymphatic and hematogenous
routes may be involved in secondary pharyngeal
tuberculous infection, nonpulmonary primary
infection, contiguous spread from another organ
and epithelial implantation are still possible
mechanisms of infection (Srivanitchapoom and
Sittitrai 2016).

The main predisposing factor for direct inoc-
ulation is a breach or break in the mucosa which
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then allows admission of TB bacilli (Madhuri
et al. 2002). This may be secondary to chronic
irritation or inflammation. According to Lugton
(1999), another mechanism by which patho-
genic mycobacteria cross mucosal barriers is by
endocytosis within mucosal lymphoepithelial
sites (e.g., tonsils, adenoids, Peyer’s patches):
bacilli discharged at basolateral surfaces of
engulfing epithelial M cells are taken up by
antigen-presenting cells associated with para-
follicular T lymphocytes. Dendritic cells and
macrophages in these sites allow mycobacterial
replication, due to the permissive immunologi-
cal environment in lymphoepithelial tissues.
Abrogation of local delayed-type hypersensi-
tivity reactions generally ensures continuing
integrity and function of these tissues.
Phagocytes containing intracellular mycobacte-
ria disseminate infection to other parts of the
body and also probably migrate back onto the
mucosal surface to shed bacilli. Other predis-
posing factors for infection are poor dental
hygiene, leukoplakia, and dental extraction
(Gupta et al. 2005).

4.3 Clinical Features, Course,

and Complications

Pharyngeal TB should be considered in patients
presenting with sore throat, odynophagia, dys-
phagia, and neck swelling (Gupta et al. 2005).
According to Al-Serhani and Al-Mazrou (2001),
the main presenting symptom in nasopharyngeal
TB is a neck mass, whereas tonsillar TB
presents with sore throat or discomfort, and
hypopharyngeal TB manifests with dysphagia.
There may be fever and malaise (Hajioff et al.
1999). Both tonsils may be symmetrically
enlarged, but unilateral enlargement, with or
without ulcers, may be seen on the tonsil or oro-
pharyngeal wall (Al-Serhani and Al-Mazrou
2001). Ulcero-granulomatous lesions of the ton-
sil may be tender, bleed when touched
(Krishnappa 2006), and may mimic a malignancy
(Sellami et al. 2017).

Ulcerative oropharyngeal lesions can also be
red, granular, and bleed on touch (Madhuri et al.
2002; Gupta et al. 2005), and can be confined to
the posterior oropharyngeal wall (Gupta et al.
2005) or extend to the nasopharynx and laryngo-
pharynx (Madhuri et al. 2002). Such lesions can
masquerade as a malignancy (Goyal et al. 1998).
Nasopharyngeal TB may present similarly to
nasopharyngeal carcinoma, with neck masses or
cervical lymphadenopathy, nasal obstruction,
rhinorrhea, epistaxis, otalgia, and hearing loss;
along with such constitutional symptoms as
fever, weight loss, and night sweats (Al-Serhani
and Al-Mazrou 2001; Mishra et al. 2015).
Concomitant otalgia and otorrhea in a case of
nasopharyngeal TB have been reported (Bath
et al. 1992). Cai et al. (2013) recorded a case of
diplopia in nasopharyngeal TB without signs of
involvement of the orbits, orbital fissures, or
orbital apex. Nasal endoscopy may exhibit a nor-
mal nasopharynx, diffuse inflammation and
ulceration of respiratory mucosa (Cai et al. 2013),
polypoidal mass lesion arising from the adenoids
(Mishra et al. 2015), or granulomas (Al-Serhani
and Al-Mazrou 2001).

4.4 Imaging Features

4.4.1 Computed Tomography

There are two CT patterns of TB in the naso-
pharynx, namely polypoid mass and diffuse
mucosal thickening. The polypoid mass is more
common and almost always involves the roof of
the nasopharynx where adenoid tissue is located
(King et al. 2003a; Cai et al. 2013). The mass
may appear homogeneous on CT or heteroge-
neous from internal necrosis (Fig. 8). The pol-
ypoid mass arising from TB is small, being
generally smaller than 2 cm in size (Cai et al.
2013). A small mass at the roof of the nasophar-
ynx with internal necrosis is unlikely to be
malignant and if present, may help suggest TB
(Cai et al. 2013). The diffuse mucosal thicken-
ing type may be unilateral (Fig. 9) or bilateral
but asymmetrical. Both polypoid mass and
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diffuse mucosal thickening types are usually
confined within the nasopharynx (King et al.
2003a; Cai et al. 2013).

Extension outside

the nasopharynx is

extremely rare and only one case with mild

Fig. 8 Nasopharyngeal tuberculosis (polypoid mass
type). Axial contrast-enhanced CT image shows a polyp-
oid mass at the nasopharyngeal roof (open arrow) with
internal hypodense area of necrosis (solid arrow)

Fig. 9 Nasopharyngeal tuberculosis (diffuse mucosal
thickening type) in two different patients. (a) Axial unen-
hanced CT image shows mucosal thickening at right pos-
terior and lateral wall of nasopharynx (open arrow). (b)

involvement of the longus capitis muscle has
been reported (Percodani et al. 1999).
Calcification was not observed in a large series of
nasopharyngeal TB by Cai et al. (2013). Necrotic
cervical lymphadenopathy is common in naso-
pharyngeal TB and the most commonly involved
site is the retropharyngeal region. Oropharyngeal
and hypopharyngeal TB is rarely investigated by
imaging except when it presents with a mass. A
heterogeneously enhancing mass with internal
calcifications from oropharyngeal TB has been
reported in one study, in which the mass showed
a large necrotic area suggesting abscess forma-
tion on the follow-up imaging (Bharatha et al.
2010).

4.4.2 Magnetic Resonance Imaging
Nasopharyngeal TB appears as having iso- or
slightly hyperintense signal on TI1-weighted
images and slightly hyperintense signal on
T2-weighted images (Cai et al. 2013) (Fig. 10).
The area of internal necrosis shows
T1-hypointense and T2-hyperintense signals.
The adenoid involvement may show destruction
of the normal vertical stripe from destruction of
the internal architecture of lymphoid tissue (King
et al. 2003a).

Axial contrast-enhanced CT image in a different patient
shows enhancing mucosal thickening at left posterior and
lateral wall of nasopharynx (open arrows). No extension
outside the nasopharynx is observed
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Fig. 10 MRI of nasopharyngeal tuberculosis in a
43-year-old man who presented with right otitis media
and right-sided hearing loss. Axial (a) T1-W and (b) fat-
suppressed T2-W MR images show mucosal thickening at
right lateral wall of nasopharynx which show isointense
signal on T1-W and slightly hyperintense signal on T2-W

4.5 Imaging Differential

Diagnosis

Adenoid hypertrophy may be present in some
adults and sometimes be confused with nasopha-
ryngeal pathology such as malignancy or inflam-
matory disease. Since the adenoids are the
primary site of tuberculous involvement in the
nasopharynx, adenoid enlargement from TB may
be confused with adenoid hypertrophy. Almost
half of normal adenoids typically show vertical,

images (open arrows). Axial (¢) and coronal (d) contrast-

enhanced fat-suppressed T1-W MR images show
enhancement of the mucosal thickening at the right lateral
wall of nasopharynx (open arrows). [Courtesy of Dr.
Geoiphy Pulickal, Khoo Teck Puat Hospital, Singapore]

alternating dark and bright stripes on contrast-
enhanced MRI (Bhatia et al. 2012) (Fig. 11). In
TB, the stripe changes may be undefined, curved,
and thick, compared to normal adenoids (Cai
et al. 2013).

Nasopharyngeal carcinoma may present as a
mass or infiltrative lesion along the nasopharyn-
geal wall. The common location of early cancer
is at the fossa of Rosenmuller, while TB
usually occurs at the nasopharyngeal roof.
Nasopharyngeal carcinoma rarely shows
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internal necrosis, especially when it is small,
while nasopharyngeal TB does. More advanced
nasopharyngeal carcinoma can be large and
extends outside the nasopharynx (Fig. 12), while
TB is usually small and confined within the naso-
pharynx. Nasopharyngeal lymphoma can present
as a mass or infiltrative lesion in the nasophar-
ynx. Lymphoma tends to be large, homoge-
neously enhanced without necrosis, and extends

Fig. 11 Normal adenoid tissue. Axial contrast-enhanced
fat-suppressed T1-W MR image shows alternating dark
and bright vertical stripes typical of adenoid tissue in the
nasopharynx (open arrows)

outside the nasopharynx at presentation (Fig. 13),
in contrast to TB (King et al. 2003b).

Other infiltrative diseases in the nasopharynx
may have the same appearance as TB on imag-
ing. Nasopharyngeal amyloidosis may present as
diffuse mucosal thickening with heterogeneous
enhancement, mimicking tumor and TB (Fig. 14).
Associated calcifications within the mass on CT
may help suggest the diagnosis of amyloidosis
rather than TB (Gean-Marton et al. 1991). On
MRI, T2-hypointense signal has been suggested
to be characteristic of amyloidosis (Gean-Marton
et al. 1991). However, amyloidosis showing
T2-hyperintense signal has also been reported
(Hegarty and Rao 1993; Chen et al. 2010).

4.6 Diagnosis Confirmation

The diagnosis is confirmed by identification of
AFB in smears or cultures, histopathological fea-
tures consistent with TB (e.g., caseous necrosis,
epithelioid giant cells) from biopsy specimens,
and a response to treatment (Al-Serhani and
Al-Mazrou 2001). Specimens for AFB smear and
culture may be obtained from FNAC of cervical

Fig. 12 Nasopharyngeal carcinoma. (a) Axial contrast-
enhanced CT image shows infiltrative enhancing soft
tissue at the posterior wall and left lateral wall of the naso-
pharynx (black arrows). Biopsy showed nonkeratinizing

undifferentiated carcinoma. (b) Axial contrast-enhanced
CT image at the skull base shows extension of the carci-
noma into the left pterygopalatine fossa (white arrow) and
left vidian canal (black arrow)
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Fig. 13 Nasopharyngeal lymphoma. Axial contrast-
enhanced CT image shows enhancing homogeneous soft
tissue on both sides of the nasopharynx (open arrow) with
involvement of the right masticator space (white arrow)
and right jugular foramen (black arrow)

Fig. 14 Nasopharyngeal amyloidosis. Axial contrast-
enhanced CT image shows infiltrative enhancing soft tis-
sue in the posterior wall and left lateral wall of the
nasopharynx (open arrows), indistinguishable from naso-
pharyngeal tuberculosis and malignancy

lymph nodes, if present, or tissue biopsy of the
pharyngeal lesion (Krishnappa 2006). The PCR
test may offer results faster than cultures (Mishra
et al. 2015). Chest radiographs may reveal
pulmonary TB (Madhuri et al. 2002).

4.7 Treatment

The mainstay of treatment for pharyngeal TB is
similar to that for other forms of extrapulmonary
head and neck TB. Adherence to treatment proto-
cols with first-line combination anti-TB medica-
tions, namely isoniazid, rifampicin, ethambutol,
and pyrazinamide, may result in resolution of
lesions without the need for surgery, which is
reserved for nonresponsive cases.

5 Laryngeal Tuberculosis

5.1 Introduction

Laryngeal TB is rare (Wang et al. 2007), but is
the most common granulomatous disease of the
larynx (Oziidogru et al. 2005; Lucena et al.
2015), dating back to antiquity. According to
Hirsch (1935), Hippocrates knew of phthisis of
the larynx, and probably also noticed its con-
nection with consumption that Galen recog-
nized, but the first successful descriptions of the
pathological changes of the larynx were made
by Morgagni in the seventeenth century.
Laennec drew special attention to the causal
relation between laryngeal diseases and the
lungs (Habershon 1905; Hirsch 1935), and
Louis, Andral, and Trousseau believed tubercu-
lous laryngitis was inseparable from simultane-
ous pulmonary TB (Habershon 1905).

Primary TB of the larynx is even rarer (El
Kettani et al. 2010; Agarwal et al. 2019; Swain
et al. 2019), and the great authorities of the latter
part of last century (Heinze, Mackenzie, Shrotter,
and Schnitzler of Vienna among others) all
asserted that primary TB of the larynx was practi-
cally unknown, or exceedingly rare (Habershon
1905). However, changing trends show more
cases without pulmonary TB, with clinical pre-
sentations different from those of classic reports
(Kandiloros et al. 1997; Shin et al. 2000; Lucena
et al. 2015). Most patients now diagnosed with
laryngeal TB do not have any pulmonary symp-
toms or history of pulmonary TB (Leahy 2020).



174

P. Kongmebhol and J. F. Lapefa Jr

5.2 Pathophysiology

In the preantibiotic era, laryngeal TB was caused
by secondary laryngeal seeding by M. tuberculo-
sis bacilli that were coughed and expectorated
from the tracheobronchial tree (Ponni et al.
2019), with pooling of mycobacterium-rich spu-
tum along the posterior airway in supine, bedrid-
den patients; possibly explaining why the
posterior larynx was most commonly affected
(Rizzo et al. 2003; Ling et al. 2010). The increas-
ing number of sputum-negative laryngeal cases
without pulmonary TB suggest primary laryngeal
TB or hematogenous spread, with increasing
anterior laryngeal involvement (Kandiloros et al.
1997; Kenmochi et al. 2003; Ling et al. 2010).
TB rarely spreads towards the larynx via lym-
phatic vessels (Swain et al. 2019).

Primary tuberculous laryngitis is acquired by
direct inhalation and subsequent invasion of M.
tuberculosis bacilli in the larynx. Laryngeal
infection starts with exudation in the subepithe-
lial space, which is then followed by round cell
infiltration and subsequent fibrosis (Oziidogru
et al. 2005). Chronic granulomatous foci may be
present, with or without caseation necrosis
(Agarwal et al. 2019). Ulceration and fibrosis can
interfere in the process of voice production.
Involvement of the mucous lining of the vocal
folds can change their flexibility and conse-
quently change voice quality, causing dysphonia
in most cases (Lucena et al. 2015).

5.3 Clinical Features, Course,

and Complications

Hoarseness is the most common presenting
symptom overall (Shin et al. 2000; Lim et al.
2006; Wang et al. 2007; Ling et al. 2010; Lucena
et al. 2015; Swain et al. 2019; Zang et al. 2020),
appearing in early-stage laryngeal TB (Dworetzky
1917), although it may be the only symptom,
even in severe laryngeal TB (Kenmochi et al.
2003). Other symptoms may include dysphagia,
odynophagia, sore throat, productive cough, and
weight loss (El Kettani et al. 2010; Leahy 2020;
Zang et al. 2020). Symptoms typically correlate

with physical findings. A comparative review by
Ling et al. (2010) revealed that the most frequent
chief complaint of younger patients seen before
1990 was odynophagia accompanying systemic
symptoms and pulmonary TB, and the posterior
part of the larynx was commonly involved with
multiple ulcerative lesions. In contrast, the most
frequent chief complaint of older patients seen
after 1998 was hoarseness (71.4%), with the most
common lesion site being the true vocal cords
(57.2%).

In the past, the typical patient was younger,
with ulcerated laryngeal lesions, perichondri-
tis and advanced cavitary lung disease. A
series of older patients reported by Kandiloros
et al. (1997) had tumor-like lesions and/or
chronic non-specific laryngitis on microlaryn-
goscopy, with no significant ulcerations or
signs of perichondritis. Similarly, separate
series by Shin et al. (2000) and Ling et al.
(2010) observed that patients with active pul-
monary TB showed more ulcerative and mul-
tiple lesions, while patients with normal lung
status showed non-specific, polypoid, and
single lesions. Zang et al. (2020) also observed
a higher proportion of concurrent pulmonary
TB among patients with extensive and ulcer-
ative lesions, compared to patients without
concurrent pulmonary TB and with more
localized and exophytic lesions.

The appearance and localization of lesions
thus seem to have changed over time. The poste-
rior glottis was previously the most common
location (Rizzo et al. 2003; Ling et al. 2010;
Ponni et al. 2019), but other subsites have become
more common, especially the true vocal folds,
followed by the false (vestibular, ventricular)
vocal folds (Shin et al. 2000; Lim et al. 2006;
Wang et al. 2007; El Kettani et al. 2010; Ling
et al. 2010; Lucena et al. 2015; Swain et al. 2019;
Leahy 2020). The epiglottis, arytenoids, aryepi-
glottic folds, and interarytenoid region/posterior
commissure have also been involved (Lim et al.
2006; Lucena et al. 2015). These lesions may be
nodular, granulomatous, exophytic, or ulcerative
(Shin et al. 2000; Lim et al. 2006; Agarwal et al.
2019), but polypoid or non-specific inflammatory
appearances (including swelling of the vocal
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cords or epiglottis) may also be seen (Moon et al.
1996; Shin et al. 2000; Lim et al. 2006).

Laryngeal TB is usually misdiagnosed as
laryngeal cancer, especially in patients with
malignant signs such as enlarged cervical lymph
nodes and vocal fold immobility (Kenmochi
et al. 2003; Wang et al. 2007; El Kettani et al.
2010; Swain et al. 2019; Leahy 2020).
Inflammatory changes may trigger laryngeal
edema that, if severe enough, may obstruct the
airway acutely (Cole et al. 2018). In the long
term, irreversible changes in voice quality can
occur due to fibrotic changes in the vocal folds,
even after clinical healing of disease (Oziidogru
et al. 2005; Lucena et al. 2015).

5.4 Imaging Features

5.4.1 Computed Tomography

CT is better than laryngoscopic examination in
demonstrating extension of laryngeal involve-
ment because it shows the extension into the tis-
sues deep to the mucosa. Three patterns of CT
appearance have been described in the literature,
namely diffuse thickening with enhancement,
mass, and frank pus or fluid collection (Aspestrand

et al. 1989; Moon et al. 1996; Kim et al. 1997;
Muranjan and Kirtane 2001). Diffuse thickening
with enhancement of the larynx is the most com-
mon pattern (Figs. 15 and 16). The degree of
mucosal enhancement is usually pronounced.
Bilateral involvement is common on CT but may
be asymmetrical. The surface of the epiglottis
may be smooth or irregular (Fig. 17). Clouding or
infiltration of paralaryngeal fat was always pres-
ent in the study of Moon et al. (1996) but none
was found in the study of Kim et al. (1997).

Although a polypoid mass or fungating mass
is commonly seen on laryngoscopic examination,
CT finding of a mass lesion from laryngeal TB is
less commonly found (Moon et al. 1996; Kim
et al. 1997). The mass itself may be difficult to
differentiate from early cancer on CT (Fig. 18).
Diffuse, bilateral enhancement of the laryngeal
mucosa, calcifications in necrotic lymph nodes,
and presence of pulmonary TB may help in diag-
nosis of TB, if they accompany a mass lesion in
the larynx, especially in young patients. But radi-
ologists should keep in mind that laryngeal TB
and cancer of the larynx can coexist, although
rarely.

Tuberculous abscess rarely occurs in the
larynx and if present, is seen as a low-density

Fig. 15 Diffuse enhancement in laryngeal tuberculosis.
(a) Coronal contrast-enhanced CT image shows diffuse,
bilateral, pronounced enhancement of the supraglottis

(open arrows). (b) Coronal contrast-enhanced CT image
after 6 months of anti-tuberculosis medication shows dis-
appearance of the supraglottic enhancement (open arrows)
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Fig. 16 Laryngeal tuberculosis with subglottic and tra-
cheal involvement. (a) Coronal contrast-enhanced CT
image shows thickening of subglottic and tracheal mucosa
with diffuse enhancement (arrows). (b) Coronal contrast-

enhanced CT image in a different patient shows normal
subglottic airway and trachea without soft tissue thicken-
ing (arrows)

Fig. 17 Epiglottic involvement in laryngeal tuberculosis
in two different patients. (a) Axial contrast-enhanced CT
image shows diffuse, smooth thickening of the epiglottis
with enhancement of the laryngeal surface (open arrow).
(b) Axial contrast-enhanced CT image in a different

fluid collection with rim enhancement
(Aspestrand et al. 1989; Muranjan and Kirtane
2001). Coarse calcifications may be observed
in the abscess area and may help distinguish
tuberculous abscess from other causes
(Fig. 19). Ulceration of the laryngeal surface

patient shows thickening and irregularity of the epiglottic
surface with enhancement of the epiglottis (small arrow-
heads) and valleculae (black arrow). A small round calci-
fication is present at the lingual surface of epiglottis
(white arrow)

is rarely seen on CT (Moon et al. 1996; Kim
et al. 1997) (Fig. 20a). Laryngeal cartilages
are usually intact in laryngeal TB. Reactive
sclerosis of the -cartilage is rarely seen
(Fig. 20b). Destruction of the cartilages from
laryngeal TB has not been reported. Up to
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Fig. 18 Laryngeal tuberculosis presenting as a vocal
cord mass mimicking cancer. (a) Axial contrast-enhanced
CT image shows a heterogeneously enhancing mass at the
anterior false and true vocal cords bilaterally (open
arrows). The mass has the same appearance as a mass due

Fig. 19 Laryngeal tuberculosis with abscess formation.
This patient presented with cervical lymphadenopathy
which turned out to be from metastatic poorly differenti-
ated carcinoma of unknown origin. ENT examination
showed a mass at the left side of the epiglottis. Biopsy of
the epiglottic mass showed granuloma and the tissue was
strongly positive for acid-fast bacilli. Sagittal contrast-
enhanced CT image shows thickening of the epiglottis
(arrowhead) with a rim-enhancing fluid collection at the
epiglottic base extending to the vallecula (black solid
arrow). A calcification within the abscess wall is present
(small open arrow). H = hyoid bone

50% of patients with laryngeal TB have cervi-
cal lymphadenopathy on CT (Moon et al.
1996; Kim et al. 1997).

to cancer. (b) Axial contrast-enhanced CT image of a dif-
ferent patient with glottic cancer shows a small enhancing
mass at anterior true vocal cords with anterior commis-
sure involvement (arrows)

5.4.2 Magnetic Resonance Imaging
There have only been a few reports of MRI being
performed on patients with laryngeal TB. The
findings are non-specific diffuse enhancement of
the vocal cords and/or supraglottis with diffuse
swelling (Lou and Li 2019).

5.5 Imaging Differential

Diagnosis

Nontuberculosis mycobacterial (NTM) laryngitis
is extremely rare. The clinical presentation and
laryngoscopic examination are the same as laryn-
geal TB (Yan et al. 2020). The imaging findings
of NTM laryngitis have not been described in the
literature. Our case of NTM laryngitis showed
diffuse swelling with mucosal enhancement of
the free edge of the epiglottis and both aryepi-
glottic folds, indistinguishable from laryngeal
TB (Fig. 21).

Laryngeal carcinoma can have the same
appearance as laryngeal TB on laryngoscopic
examination and on imaging. Early infiltrative
cancer can have mucosal or deeper soft tissue
enhancement, similar to the diffuse enhance-
ment type of laryngeal TB. However, early can-
cer is more likely to involve only one side of the
larynx, while TB frequently involves both sides
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Fig.20 Laryngeal tuberculosis with ulceration and carti-
lage sclerosis. (a) Coronal contrast-enhanced CT image
shows enhancing mucosa of both false and true vocal
cords with ulceration and necrotic tissue of the right true
vocal cord (arrow). (b) Axial contrast-enhanced CT image

Fig. 21 Nontuberculosis mycobacterial (NTM) laryngi-
tis. (a) Axial contrast-enhanced CT image shows diffuse
enhancement with thickening of the epiglottis (solid
arrow) and multiple bilateral heterogeneously enhancing
lymph nodes (open arrows). (b) Axial contrast-enhanced

(Fig. 22). A small cancer that presents as a mass
cannot be distinguished from mass-like TB on
imaging (Fig. 18b) and the diagnosis can only
be made by biopsy. The presence of cartilage

shows sclerosis of the right arytenoid cartilage (open
arrow) associated with the ulceration. The patient also has
anteromedial deviation of the left arytenoid cartilage from
left true vocal cord paralysis (black arrow) of unknown
cause

CT image shows diffuse enhancement with thickening of
bilateral aryepiglottic folds (black arrows). Multiple
heterogeneously enhancing lymph nodes are present
(open arrows). The patient also had enhancement at the
left palatine tonsil and the pharyngeal wall (not shown)

destruction can suggest a diagnosis of cancer
(Fig. 22c¢). Subglottic or hypopharyngeal exten-
sion is more common in cancer than in TB
(Moon et al. 1996).
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Fig. 22 Laryngeal cancer. This patient presented with
hoarseness for 3 months. (a) Coronal contrast-enhanced
CT image shows infiltrative lesions at the right supraglot-
tis, glottis, and subglottis (open arrows). (b) Axial
contrast-enhanced CT image taken at the level of the sub-
glottis shows an intact cricoid cartilage (open arrow). The
CT findings cannot be distinguished from those of tuber-
culosis. The patient also had active pulmonary tuberculo-
sis seen on CT (not shown). Biopsy of the laryngeal lesion
showed squamous cell carcinoma. The patient was lost to
follow-up for 2 months after biopsy. (¢) Axial contrast-
enhanced CT image taken 2 months later at the same level
as (b) shows cricoid cartilage destruction typical of malig-
nancy (open arrow)

Diffuse thickening of the supraglottis with
mucosal enhancement can be observed on CT in
patients with acute supraglottitis from bacterial
infection. The clinical presentation in supraglot-
titis is usually more acute and more severe, com-
pared to the presentation of laryngeal TB. On CT,
acute supraglottitis is often accompanied by sub-
cutaneous fat clouding, platysma muscle thicken-
ing, and thickening of the retropharyngeal space
(Smith et al. 1996). These findings are not fea-
tures of laryngeal TB and can help in differentiat-
ing between the two entities.

Fungal laryngitis is a rare condition. Reports
of CT findings are limited and include soft tissue
enhancement, swelling of laryngeal tissue, and
frank abscess formation (Nair et al. 2011; Kmeid
et al. 2016). The findings on imaging cannot be
differentiated from laryngeal TB. Other rare
granulomatous diseases of the larynx which can
present as infiltrative soft tissue or localized
masses on imaging are sarcoidosis and amyloido-
sis (Ferretti et al. 2002; Parmar et al. 2010;
Takumi et al. 2020). The CT and MRI findings
can be similar to TB, and diagnosis should be
made by biopsy.

5.6 Diagnosis Confirmation

The diagnosis of tuberculous laryngitis can be dif-
ficult due to nonpathognomonic symptoms and
physical examination findings, particularly for
those without pulmonary disease and in those with
HIV infection, but can be confirmed by a combi-
nation of laboratory examinations (Oziidogru et al.
2005; Leahy 2020). Endoscopic examination of
the larynx in laryngeal TB is non-specific and may
be confused with laryngeal cancer (Swain et al.
2019). However, laryngoscopy allows character-
ization and surface mapping of lesions, collection
of biopsy specimens for AFB smears and cultures,
as well as histopathological evaluation.

The positive rates of sputum smears and cul-
tures are higher in patients with laryngeal TB hav-
ing extensive and ulcerative lesions and concurrent
pulmonary TB, than in patients without
pulmonary TB (Zang et al. 2020). The
histopathological features of ulcerative lesions
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include fewer granulomas and more areas with
caseous necrosis, and these lesions are more likely
to have AFB detected with a Ziehl-Neelsen stain
than exophytic lesions that rarely show detectable
bacilli (Zang et al. 2020). Histopathological and
bacteriological examinations are confirmatory
tests for the diagnosis (Agarwal et al. 2019; Swain
et al. 2019), and may be supported by a PCR test
(Kenmochi et al. 2003). Chest radiographs and
sputum AFB smears and cultures can rule in or
exclude the presence of pulmonary TB (Agarwal
et al. 2019). In cases with no pulmonary involve-
ment, a PPD test may be positive if laryngeal TB
is present (Leahy 2020).

5.7 Treatment

Similar to head and neck TB in other subsites, a
six to nine-month course of a combination of
anti-TB medications can cure the disease and
alleviate symptoms. Particularly for tuberculous
laryngitis, it can expedite and improve hoarse-
ness, although dysphonia may persist after reso-
lution of TB (Lucena et al. 2015). It is also
prudent that in the management of patients with
laryngeal TB, HIV screening be performed, given
the high incidence of co-infection (Leahy 2020).

6 Conclusion

The diagnosis of TB in the ear, nose, and throat
region is difficult for both clinicians (such as
ENT surgeons) and radiologists. Although imag-
ing findings are mostly non-specific, there are
some clues that can help in arriving at the diagno-
sis. Knowing the imaging spectrum of TB in
these organs is important for radiologists because
they can help ENT surgeons initiate further inves-
tigation and early treatment.
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Tuberculosis is an airborne infectious disease
caused by Mycobacterium tuberculosis. It is a
major cause of morbidity and mortality, par-
ticularly in developing countries, and its inci-
dence is rising in developed countries. The
lungs are the most involved organ of the tho-
rax, but other extrapulmonary thoracic struc-
tures can be affected. Imaging is fundamental
in the management of the disease. The first
approach of diagnosis is based on clinical
symptoms. Radiological signs depend on the
patient’s age, immune status, and previous
contact with M. fuberculosis. Confirmation of
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the diagnosis can be made only by bacterio-
logical and/or histological examination. Chest
radiography remains the first-line imaging
examination and can suggest the diagnosis
based on lesion features and location.
Computed tomography plays an important
role in the detection of tuberculosis in patients
with normal or inconclusive chest radiographs
and in disease activity determination. It is also
indicated for the detection of complications,
evaluation of parenchyma sequelae, and
prior to surgical management of multidrug-
resistant tuberculosis.

Abbreviations

AIDS  Acquired immunodeficiency syndrome

CT Computed tomography

MRI  Magnetic resonance imaging
PPTB  Post-primary tuberculosis
TB Tuberculosis

1 Introduction

Pulmonary tuberculosis (TB) is a major cause of
morbidity and mortality around the world, par-
ticularly in developing countries, even though it
is a preventable disease. After exposure to
Mycobacterium tuberculosis, an estimated
20-25% of the subjects become infected.
Approximately 3—5% of these infected individu-
als will progress to developing active TB disease
during their lifetime (Yu et al. 2019; World
Health Organization 2021c). Pulmonary disease
is present in more than 80% of TB cases, while
extrapulmonary TB occurs in about 20% of
cases (Yu et al. 2019). Its radiological manifes-
tations may vary according to factors related to
the host (e.g., age, immune status, and previous
contact with M. tuberculosis). Imaging has a
crucial role in the screening, diagnosis, and
monitoring of TB. Chest radiographs may be
sufficient for diagnosis in an appropriate clinical
setting. Computed tomography (CT) is indicated

when there are radiological-clinical discrepan-
cies and is useful to look for signs of disease
activity. It is indicated in the diagnosis of com-
plications and the assessment of sequelae, as
well as in long-term follow-up. Magnetic reso-
nance imaging (MRI) may be performed to eval-
uate complications of thoracic disease, such as
chest wall involvement, but is of limited value in
the assessment of patients with pulmonary
TB. Positron-emission tomography (PET) is not
currently performed for diagnosis but has
yielded promising results. This chapter aims to
review the characteristic imaging findings of
various forms of pulmonary and extrapulmonary
thoracic TB, as well as to assess the role of CT
and other modalities in the diagnosis and man-
agement of pulmonary TB.

2 Pathophysiology

2.1 Transmission of Tuberculosis

TB is a contagious interhuman disease. M. fuber-
culosis is carried in airborne particles and is
transmitted through air, which leads to the spread
of the disease. Infectious droplet nuclei are gen-
erated when persons with pulmonary or laryngeal
TB disease cough, sneeze, shout, or sing.
Depending on the environment, these tiny parti-
cles can remain suspended in air for several
hours. Prolonged exposure in a closed atmo-
sphere can lead to infection of contacts (e.g.,
inhabitants of the same house, coworkers in an
office, clients in bars). Transmission occurs when
a contact person inhales droplet nuclei containing
M. tuberculosis, which reaches the lung alveoli.
These tuberculous bacilli are phagocytosed by
alveolar macrophages and are destroyed or inhib-
ited. A small number may multiply in cells and
are then released when the macrophages die. If
alive, these bacilli may spread through lymphatic
channels or the bloodstream to more distant tis-
sues and organs (including areas of the body in
which TB disease is most likely to develop, such
as the regional lymph nodes, lung apex, kidneys,
brain, and bone). This process of dissemination
primes the immune system for a systemic
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response (Barreira-Silva et al. 2018; Migliori
et al. 2018; World Health Organization 2021c).

Other transmission modes are less frequent
and include the digestive tract and the cutaneous
or cutaneous-mucous routes. In the digestive
tract, M. bovis is transmitted by ingesting unpas-
teurized milk products from cows with TB or by
handling contaminated animal products. The
cutaneous or cutaneous-mucous route is rare and
is caused by an injury of the skin with direct con-
tact with M. tuberculosis or by projection (e.g.,
conjunctiva).

2.2 Pathogenesis of Tuberculosis
2.2.1 Incubation Time

TB has two incubation times. The first concerns
the primary infection. It is the time between the
first contact with M. tuberculosis and the date of
positive tuberculin test, lasting from 4 to
12 weeks. The patient is usually asymptomatic.
Once the primary infection occurs, TB disease
and symptoms may appear after a certain time.
This second incubation time can be short (imme-
diate) or long (up to several years). Recent
research has clearly demonstrated that human TB
infection, from latent infection to active TB dis-
ease, exists within a continuous spectrum of met-
abolic bacterial activity and antagonistic
immunological responses (Pai et al. 2016; Drain
et al. 2018).

2.2.2 Primary Tuberculosis

Primary TB occurs when a host is initially
exposed to bacilli by inhalation. The bacilli are
carried by normal airflow, mainly to the middle
and lower lung fields. An early granulomatous
inflammatory response occurs, known as the pri-
mary (or Ghon) focus. Within weeks after infec-
tion, the immune system is usually able to halt
the multiplication of tuberculous bacilli, hence
preventing further progression. As an effective
cellular immune response can take weeks and
varies from host to host, bacilli are initially able
to grow and divide in the distal parenchyma
before being transported to hilar lymph nodes by
the lymphatics and possibly to more distant ana-

tomical sites by the bloodstream. Typical epithe-
lioid granulomas with giant cells and caseous
necrosis are then organized. At this stage, the dis-
ease is called latent TB infection (LTBI) and may
be detected using the tuberculin skin test (TST)
or an interferon-gamma release assay (IGRA)
(Barry et al. 2009).

Only 5% of people infected with TB rapidly
progress to active disease. The others develop
LTBI but remain at risk for progression to active
disease (“reactivation”) (American Thoracic
Society 1990; Cadena et al. 2017). Primary or
scattered foci can also be fractionated and
remain quiescent with the risk of being reacti-
vated in the future, causing post-primary dis-
ease. If the host’s immune status fails upon
initial containment, uncontrolled primary infec-
tion (primary progressive TB) occurs, with
bacilli spreading hematogenously and endo-
bronchially. Primary TB has classically been
considered as a disease of children living in
highly endemic areas, where exposure is more
likely to occur during the first years of life.
However, the recognition of primary TB in
adults is increasing, probably due to effective
public health initiatives and treatments that have
created larger populations of unexposed adults
(American Thoracic Society 1990).

2.2.3 Post-primary Tuberculosis

Both reactivation and reinfection with the tuber-
culous bacillus are categorized under post-
primary TB (PPTB) or TB disease. It occurs in
people who have developed immunity to primary
TB. Only 5-10% of the approximately two bil-
lion people infected with M. tuberculosis world-
wide will develop TB disease during their
lifetime, most often in the first 2 years after the
primary infection. TB disease can result from
either a new exposure (exogenous infection) or
reactivation of quiescent bacteria due to decrease
in immune defenses (endogenous reinfection).
The probability of developing TB disease is
much higher in people with acquired immunode-
ficiency syndrome (AIDS). It is also higher in
people having risk factors such as diabetes mel-
litus, undernutrition, malignancy, organ trans-
plantation, chemotherapy, steroids, TNF-alpha
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inhibitor drugs, smoking and alcohol consump-
tion, chronic obstructive pulmonary disease, past
history of TB, healthcare workers, and pregnant
women (World Health Organization 2021a). The
elderly and children younger than 5 years of age
are also at increased risk for progression of LTBI
to TB disease (Lewinsohn et al. 2017).

3 Clinical Features

The clinical features of thoracic TB are depen-
dent on several factors, including the disease
type (primary or post-primary), predominant
infection location (e.g., lymph nodes, lung
parenchyma, pleural space), infection duration,
and host factors such as age and immune status.
The symptoms are generally non-specific. As TB
is a slowly progressive disease, the initial symp-
toms are usually discrete and become more
prominent with time. The classic symptoms of
pulmonary TB include persistent cough, hemop-
tysis, evening fever, night sweats, and weight
loss. Cough, the most common symptom of pul-
monary TB, may be dry in the early course of the
illness, but sputum is usually produced as inflam-
mation continues. Chest pain and dyspnea,
sometimes even respiratory distress, are present
in very extensive forms or forms occurring in
patients with chronic lung disease. Most patients
present for medical consultation after having
been symptomatic for weeks or even months. In
TB cases discovered by systematic screening
(e.g., in migrants or during contact investiga-
tions), the prevalence of symptoms may be much
lower (Migliori et al. 2018).

Clinical examination of the lungs is most fre-
quently normal, contrasting with the reported
symptoms and extent of radiological lesions.
Physical signs are usually absent, except when
pulmonary lesions are extensive with large areas
of consolidation. Crackles, wheezing, and bron-
chial breath sounds may be heard. Uveitis, ery-
thema nodosum, and other skin conditions may
be the first signs of pulmonary TB (Lewinsohn
et al. 2017; Migliori et al. 2018). When present, it
is also possible to discover a pleural effusion or a
pneumothorax on physical examination. Pleural
effusion is often the only manifestation of pri-

mary TB. The frequency of effusion increases
with age, occurring in about 40% of adults with
primary TB. The pleural space is more likely to
be involved in PPTB because of the large number
of bacteria reaching the pleural space from a rup-
tured cavity resulting in bronchopleural fistula,
localized effusions, hydropneumothorax, or
tuberculous empyema (Epstein et al. 1987). The
extrathoracic clinical examination should include
looking for dissemination to structures such as
the central nervous system, peripheral lymphade-
nopathy, and urogenital and musculoskeletal
systems.

4 Imaging Modalities

4.1 Chest Radiography

Chest radiography has a major role in the assess-
ment of pulmonary TB. Typically, the posterior-
anterior radiograph is  sufficient. = Other
radiographical views, such as a lordotic view or
dual-energy radiography with bone subtraction,
can improve the depiction of the lung apices
(Sharma et al. 2015; Nachiappan et al. 2017).
Chest radiographs are used for the screening of
TB in general population, those with structural
risk of TB development, patients with AIDS, and
people younger than 15 years who are contacts of
patients with TB. Radiographs have a sensitivity
of 94% and specificity of 89% when considering
any abnormality. The specificity rises to 96%
when considering suggestive abnormalities.
Chest radiographs may be normal in 15% of
cases. Computer-aided detection (CAD) has now
been introduced as an alternative to human inter-
pretation of digital chest radiographs for TB
screening. However, its application should be
limited to patients aged 15 years or older. CAD
has not shown significant differences in sensitiv-
ity and specificity, compared to human reading of
chest radiographs (0.90-0.92 versus 0.82-0.93
and 0.23-0.66 versus 0.14-0.63) (World Health
Organization 2021a). Chest radiographs are also
useful for reactivation detection after a previous
healed episode, assessment of sequelae and com-
plications, as well as monitoring of treatment
efficacy.
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4.2 Ultrasound Imaging

Ultrasound (US) imaging is a non-invasive imag-
ing tool that has proven its usefulness for the
diagnosis of pneumonia, pneumothorax, and
pleural as well as pericardial effusion and thick-
ening. It is also used for the assessment of cold
abscesses, thoracic bone lesions, and detection of
mediastinal lymph nodes in children (Di Gennaro
et al. 2018; Heuvelings et al. 2019). Many US
imaging findings in lung TB have been described,
such as apical consolidation and subpleural nod-
ules. Detection of consolidation has a sensitivity
ranging from 72.5% to 100% with an odds ratio
of 5.29 1, while subpleural nodule detection has a
sensitivity ranging from 6.7% to 80.4% with an
odds ratio of 9.67. Sensitivity is lower for the
detection of proven chest radiographical cavitat-
ing lesions (Giordani and Heller 2019; Montuori
et al. 2019; Fentress et al. 2020; Bigio et al.
2021). Moreover, fine-needle aspiration and
biopsies for diagnostic purposes can be per-
formed under US imaging guidance with a per-
formance accuracy that can reach 100% (Di
Gennaro et al. 2018).

4.3 Computed Tomography

CT may be indicated in many situations, such as
discrepancy between clinical presentation and
chest radiographical findings, or smear-negative
sputum (paucibacillary TB). The radiation dose
can be reduced to the minimum necessary for
diagnosis. Low-dose CT, performed with 50 mAs
and 120 kVp, has a sensitivity of 100% and a
positive predictive value of 86.4% (He et al.
2017). Ultralow-dose CT (80 kVp, 25 mAs) may
offer the same diagnostic value, especially when
applying iterative reconstruction (Yan et al.
2019). Moreover, CT can be performed for the
evaluation of the extent of fibrotic lesions and
assessment of complications (e.g., lymph node
rupture in the trachea or esophagus, mediastinal
fibrosis, empyema necessitans). In patients with
hemoptysis, CT aortography is useful for the
detection of Rasmussen aneurysm and systemic
mapping of the bronchial or nonbronchial arter-
ies prior to embolization (Hantous-Zannad et al.

2015). CT offers the possibility to assess lesions
in the differential diagnosis as well as associated
diseases such as lymphoma, sarcoidosis, and
lung cancer. Moreover, it allows guidance of
interventional procedures such as punctures,
biopsies, and intracavitary treatment.

4.4 Magnetic Resonance Imaging
MRI is not commonly used for the diagnosis of
pulmonary TB because of its high cost and low
availability in developing countries (Hantous-
Zannad et al. 2015). Moreover, it used to have a
poor image quality due to the low density of pro-
tons of the lungs, motion artifacts, and suscepti-
bility (Yanetal. 2020). Currently, the development
of ultrashort time echo (UTE) sequences has
enabled the assessment of various lung lesions,
including TB (Delacoste et al. 2019; Yan et al.
2020). When performed, MRI is comparable to
CT in detecting consolidation, cavities, and non-
calcified nodules larger than 5 mm, with a sensi-
tivity varying between 69.6% and 100% (Yan
et al. 2020). MRI has also been found to be more
sensitive in  detecting caseous necrosis,
liquefaction, active cavitation, and abnormalities
of lymph nodes and pleura (Yan et al. 2020).
Enlarged tuberculous lymph nodes have specific
signal abnormalities on T2-weighted sequences,
depending on their histological features. They
have moderately hyperintense signal when
inflamed. When they contain necrosis, they have
a central hypointense signal surrounded by a
hyperintense signal. Liquefaction results in an
obvious hyperintense signal (Hantous-Zannad
et al. 2015; Zeng et al. 2019). MRI is also the
technique of choice for studying the impact of
tuberculous pericarditis and can be used for the
assessment of chest wall lesions.

4.5 Positron-Emission
Tomography and Other

Modalities

[Fluorine-18]-fluoro-2-deoxy-D-glucose  (‘*F-
FDG) PET/CT is not currently performed for the
diagnosis of TB, but it may be used for
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determining the activity of disease and the
response to treatment (Hantous-Zannad et al.
2015; Yu et al. 2019). It is also useful in the detec-
tion of unknown sites and allows the most appro-
priate site of biopsy to be selected. It plays an
important role in monitoring response to therapy
in cases of multidrug-resistant TB or extrapulmo-
nary TB. However, ®F-FDG PET/CT cannot reli-
ably differentiate active TB from malignant
lesions, and false positives can be due to other
infective or inflammatory conditions. It is also
unable to distinguish tuberculous lymphadenitis
from metastatic lymph node involvement. The
lack of specificity is a limitation for '*F-FDG
PET/CT in the management of TB (Yu et al.
2019). Angiography is no longer used for diag-
nostic purposes, except as the first step before
embolization. This latter procedure is performed
in patients with life-threatening hemoptysis.

5 Imaging Features

Even if it is more accurate to distinguish active
from inactive TB (Sharma et al. 2015; Nachiappan
et al. 2017), we consider it more didactic to keep
the classical distinction of primary and PPTB as
their clinical pathological and radiological mani-
festations are quite different.

5.1 Primary Tuberculosis

Primary TB commonly manifests with enlarge-
ment of the mediastinal and hilar lymph nodes
and homogeneous parenchymal consolidation.
Unilateral pleural effusion and a miliary appear-
ance may also be observed.

5.1.1 Parenchymal Involvement

Parenchymal involvement most often results in a
small segmental or subsegmental subpleural con-
solidation. More rarely, lobar pneumonia resis-
tant to antibiotics or multifocal involvement is
observed. Parenchymal involvement is classi-
cally preferentially localized in the middle, lingu-
lar, and inferior lobes in adults, corresponding to
the best ventilated pulmonary territories.

Location in the upper lobe is more common in
children. Cavitation is observed in 10% of cases
(Andreu et al. 2005). In about two-thirds of cases,
parenchymal lesions resolve without leaving any
sequelae, but this resolution may take up to
2 years. Pulmonary infiltrates leave a few paren-
chymal scars such as nodules, which can com-
pletely calcify to form a Ghon focus or an area of
fibrosis. Concomitant presence of a calcified hilar
or mediastinal lymph node constitutes the Ranke
complex (Koh et al. 2010).

5.1.2 Lymph Node Involvement

Lymph node involvement is most frequently uni-
lateral. It is bilateral in nearly one-third of cases.
The hilar and paratracheal groups are the most
affected, while subcarinal nodes are less fre-
quently involved. Lymph node involvement is
visible on chest radiographs in 96% of children
and 43% of adults (Koh et al. 2010). CT is more
sensitive to detect this involvement. Lymph nodes
greater than 20 mm present with a central
hypodensity corresponding to caseous necrosis
and peripheral ring-like enhancement after intra-
venous contrast administration corresponding to
inflammatory granulomatous tissue (Burrill et al.
2007) (Fig. 1). The frequency of lymph node
involvement decreases with age, while that of
parenchymal involvement increases. Lesions
evolve towards regression in two-thirds of cases,
with possible massive calcified scar formation
(Skoura et al. 2015; Nachiappan et al. 2017).

5.1.3 Pleural Effusions

Pleural effusions are observed in about a quarter
of patients with primary TB and develop
3-7 months after the first exposure. They are
more common in adults (Andreu et al. 2005;
Burrill et al. 2007; Nachiappan et al. 2017).
Pleural effusion is often multicompartmentalized
and hyperechoic on US imaging (Fig. 2).

5.1.4 Miliary Involvement

Miliary involvement is rare during primary infec-
tion, occurring in 1-7% of cases. It is mostly
observed during PPTB (Andreu et al. 2005;
Burrill et al. 2007; Koh et al. 2010). This can be
explained by hematogenous dissemination of
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Fig. 1 Primary tuberculosis manifesting as lymph node  prevascular (white arrow in b), as well as bilateral internal
enlargement. (a and b) Axial contrast-enhanced CT mammary (red arrows in b) enlarged lymph nodes, all of
images in soft tissue window settings show retrotracheal ~ which have central necrotic low attenuation and periph-
(yellow arrow in a), lateral tracheal (yellow arrow in b),  eral rim enhancement

Fig. 2 Pleural tuberculosis in a 29-year-old woman. (a) (yellow arrow). (¢) Coronal and (d) axial contrast-
PA chest radiograph shows a large left pleural opacity. (b) ~ enhanced CT images confirm left pleural effusion and
Lateral thoracic US image shows an anechoic pleural thickening (white arrows)

effusion with septations and thickening of parietal pleura
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M. tuberculosis in patients whose immune sys-
tem could not contain the infection (e.g., young
children, immunocompromised patients). It is
considered to be a severe form of the disease,
with systemic spread and frequent meningeal as
well as hepatosplenic involvement. It usually
occurs within 6 months after the first contact with
the bacteria. The TST may remain negative and
could therefore be a source of diagnostic errors.
In 85% of cases, radiological characteristics con-

Fig. 3 Miliary tuberculosis in a 26-year-old woman. PA
chest radiograph shows diffuse and randomly distributed
millet-sized nodular opacities in both lungs

sist of micronodules 1-3 mm in size, with sharp
contours and diffuse distribution. There is an
apparent predominance in the lung bases,
explained by the larger volume of parenchyma at
this level (Fig. 3). CT is more sensitive for the
detection of micronodules and their random dif-
fuse distribution in both lungs. Reconstructions
using maximal intensity projection (MIP) are
useful for this purpose (Fig. 4). CT also allows
assessment of other asymptomatic locations
(Jeong and Lee 2008; Skoura et al. 2015;
Nachiappan et al. 2017). MRI is more accurate
than CT for the detection of brain lesions. Lesions
generally heal under adequate treatment within
2—6 months (Nachiappan et al. 2017).

5.2 Post-primary Tuberculosis

Unlike primary TB, PPTB is chronic and fibros-
ing. It usually occurs in the apical and posterior
segments of the upper lobe and less frequently in
the apical segment of the lower lobe. The high
intra-alveolar oxygen pressure and poor lym-
phatic drainage with low clearance of microor-
ganisms help M. tuberculosis development in
these areas. Bilateral upper lobe location is pres-
ent in 32-64% of cases, with an asymmetric
appearance in most cases (Skoura et al. 2015).
Involvement of two or more lobes has a good
positive predictive value for the diagnosis of
active PPTB. Finally, multilobar involvement is
common, and a progression towards a complete

Fig. 4 Miliary tuberculosis in a 47-year-old man with
right pleural effusion. (a) PA chest radiograph shows dif-
fuse millet-sized nodular opacities in both lungs, with a
right pleural opacity (arrow). Axial (b) millimeter section
and (c¢) MIP-reconstructed HRCT images taken at the

level of the upper lobes show uniformly sized small nod-
ules randomly distributed in both lungs, which are better
detected with MIP reconstruction. Note the presence of
bilateral pleural effusions
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lobar or pulmonary involvement with parenchy-
mal destruction can be observed. Radiological
features comprise nodules, cavities, and alveolar
and nonalveolar opacities. Cavitation is charac-
teristic of this form of TB. Lymph node involve-
ment is less frequent than in the primary form,
being described in only 5-10% of cases (Bomanji
et al. 2015).

5.2.1 Micronodules and Nodules

Micronodules and nodules occur secondary to
bronchogenic spread, which constitutes the most
characteristic mode of dissemination of

PPTB. This dissemination occurs when an area
of caseous necrosis liquefies and communicates
with the bronchial tree (Nachiappan et al. 2017).
They are most often multiple with blurred bound-

aries, measuring 5—15 mm in diameter, and grow
slowly. On CT, centrilobular micronodules are
characterized by fuzzy contours, variable density,
size less than 3 mm, and centrilobular topogra-
phy located 2—3 mm from the pleura, with integ-
rity of the pleuropulmonary interfaces (Fig. 5).
They are best identified on CT MIP reconstruc-
tions using 6 mm thickness. This lesion results
from bronchogenic dissemination of bacilli. It
corresponds pathologically to the sections of
bronchioles filled with granulomas in connection
with the so-called cellular bronchiolitis.

These micronodules sometimes appear to be
linked to distal broncho-arterial axes. This
appearance has been described as “tree in bud”
(Jeong and Lee 2008) (Fig. 6). It reflects thicken-
ing of the bronchiolar wall, associated with or

Fig. 5 Post-primary tuberculosis in a 32-year-old man.
(a) Axial HRCT and (b) axial and (c) sagittal MIP-
reconstructed HRCT images show centrilobular

micronodules, and branching nodular and linear (tree-in-
bud) opacities (arrow) in the dorsal segment of the left
upper lobe

Fig. 6 Post-primary tuberculosis in a 35-year-old man. (a)
PA chest radiograph shows bilateral alveolar opacities in the
upper lungs with a cavity in a right opacity (arrow). (b and ¢)
Axial HRCT images show bilateral cavitating consolida-

tions and nodules, centrilobular micronodules, and acinar
nodules. (d) Axial 4 mm MIP-reconstructed HRCT image
shows branching nodular and linear (tree-in-bud) opacities
(arrow) in the lateral segment of the middle lobe
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without dilation of the bronchiolar lumen filled
with secretions such as mucus, pus, and granula-
tion tissue. Presence of branching centrilobular
nodules with a tree-in-bud appearance is the most
useful radiological feature for distinguishing
active from inactive TB. However, it is not
pathognomonic as it can be observed in pyogenic
bronchopneumonia, atypical mycobacteria infec-
tion with bronchogenic dissemination, as well as
invasive airway aspergillosis (Rossi et al. 2005).
There is a clear tendency for these micronodules
to congregate and cluster around the bronchioles.
Their confluence will lead to the appearance of
acinar nodules 5—-10 mm in diameter, blurred out-
lines, and centrilobular location, corresponding
to filling of the acini by granulomas beyond bron-
chiolar walls. The coalescence of these nodules
results in acinary rosettes (Jeong and Lee 2008;
Nachiappan et al. 2017) (Fig. 6).

5.2.2 Cavitation

Cavitation is the characteristic sign of PPTB and
is considered an activity marker. Cavitation
occurs in about half of affected patients (Andreu
et al. 2005). The presence of cavitating lesions is
significantly associated with smear-positive spu-
tum, due to the greater bacillary richness of cavi-
ties (Singla et al. 2003). The cavities appear on
chest radiographs as gas-filled spaces, rarely con-
taining fluid, often with irregular contours and
sharp and thick walls (Figs. 7 and 8). The bron-
chus to which they drain may be sometimes iden-
tified. On CT, the presence of bronchial
micronodules located around a cavity in a typical
area (apical and dorsal segments of the upper
lobe and apical segment of the lower lobe) sug-
gests the diagnosis of TB. These cavities are fre-
quently multiple and are typically within an area
of parenchymal consolidation (Fig. 9).

5.2.3 Lobar Alveolar Opacities

Lobar alveolar opacities correspond to tubercu-
lous pneumonia. They appear as a systematized
alveolar syndrome with air bronchogram, occur-
ring in immunocompetent adults, always in the
upper lobes, most often the right one. This con-
solidation almost always contains a cavity.

Fig. 7 Tuberculosis reactivation in a 27-year-old man.
AP chest radiograph shows retractile and cavitating opaci-
ties in both upper lung lobes (arrows) as well as multiple
bilateral ill-defined nodules

Fig. 8 Tuberculosis reactivation in a 59-year-old man.
PA chest radiograph shows a cavitating consolidation in
the left upper lobe (black arrow) and multiple ill-defined
and confluent nodules in both lungs. Note bronchiectasis
in the left lower lobe (red arrow)

5.2.4 Pneumatoceles

The development of pneumatoceles (or thin-
walled cystic spaces in lung parenchyma) during
PPTB is explained by the drainage of necrotic
parenchymal lesions in areas of consolidation,
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Fig. 9 Pulmonary tuberculosis reactivation in a 36-year-
old man. (a) PA chest radiograph and (b—e) axial HRCT
images show retracted consolidations containing several
cavities predominantly in the upper lobes (yellow arrows),

coupled with the check-valve phenomenon
caused by bronchiolar obstructions due to inflam-
matory edema of the walls (Burrill et al. 2007).

5.3 Extrapulmonary Tuberculosis
5.3.1 Pleural Tuberculosis
Tuberculous pleuritis is the second most common
form of extrapulmonary TB after lymph node
TB. It is present in 3-5% of patients with TB in
developed countries and is ten times more fre-
quent in high endemic countries (Shaw et al.
2018). In patients with AIDS, pleural TB is the
primary site of infection, occurring in 30% of
cases (Shaw et al. 2018). It usually develops
3-6 months after the primary infection. The pleu-
ral fluid is paucibacillary in most of the cases, but
culture is positive in 76% of patients (Mazza-
Stalder et al. 2012). In the first 24 h after inocula-
tion, there is an accumulation of neutrophils in
pleural fluid, followed by macrophages, whose
number reaches a peak on the fourth day. After
that, the fluid becomes lymphocytic (Shaw et al.
2018).

Pleural empyema results from a chronic infec-
tious and highly bacillary process. The pleural

one of which communicates with the apical bronchus of
the right lower lobe (red arrow). There are also bilateral
confluent centrilobular micronodules and acinar nodules

fluid contains mainly neutrophils with a rate
greater than 50%. This may result either from
lymph node rupture into the pleural space or from
hematogenous spread. Tuberculous empyema
evolves into three phases, namely the preempyema
exudative phase, the fibrinopurulent phase, and the
organizing phase with granulation tissue develop-
ment (Shaw et al. 2018).

Pleural TB is generally unilateral with a vari-
able volume that is often moderate (Udwadia and
Sen 2010; Shaw et al. 2018). Concomitant paren-
chymal involvement is observed in 20-50% of
cases on chest radiographs (Shaw et al. 2018).
US imaging can be used to assess the volume of
pleural effusion, loculations, and pleural thicken-
ing, as well as to guide pleural punctures
(Udwadia and Sen 2010; Hantous-Zannad et al.
2015). Pleural effusion may be anechoic, sep-
tated, or homogeneously echogenic in cases of
empyema (Shaw et al. 2018) (Fig. 2). It can rarely
be connected to the skin by a fistula, resulting in
a so-called empyema necessitans (Hantous-
Zannad et al. 2015) (Fig. 10). CT is the best
imaging technique to assess the entire pleura and
lung parenchyma, as well as for bronchopleural
fistula detection (Udwadia and Sen 2010;
Hantous-Zannad et al. 2015). Nodular thickening
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Fig. 10 Pulmonary tuberculosis and empyema necessi-
tans. (a and b) Axial contrast-enhanced CT images in a
45-year-old patient with evolutive parenchymal tubercu-

Fig. 11 Nodular pleural tuberculosis in a young woman.
Axial contrast-enhanced CT image shows multiple areas
of nodular pleural tuberculosis (arrows). There is no effu-
sion. The diagnosis was confirmed by surgical biopsy

of the pleura without effusion is rare and atypi-
cal; this may mimic mesothelioma and metasta-
ses (Ngji et al. 2017) (Fig. 11).

5.3.2 Endobronchial Tuberculosis

Endobronchial TB is observed in 5-40% of
patients with active TB. It results from fistulation
of an interbronchial lymph node into the lumen
of an airway or an extension of granulomas from
peribronchial lymphatics (Pathak et al. 2016).
Affected patients present most commonly with
cough. Chest radiographs may show a lobar col-
lapse, suggestive of bronchial cancer, particularly
in patients at risk (Cadifianos Loidi et al. 2014).

losis (tree-in-bud opacities in the right upper lobe in a)
and empyema necessitans (arrows in b)

On bronchoscopy, endobronchial TB can be clas-
sified into seven types, namely caseating,
edematous-hyperemic, fibrostenotic, tumoral,
granular, ulcerative, and non-specific bronchitis
type, with most of them evolving into stenosis
(Chung and Lee 2000).

5.3.3 Cardiovascular Tuberculosis

In autopsy studies of patients who died from TB,
the heart is involved in 2% of immunocompetent
patients and in 80% of patients with HIV
co-infection (Mutyaba and Ntsekhe 2017).
Pericardial TB is the most frequent expression of
heart involvement and represents 1-2% of all
tuberculous locations, but is associated with
mortality close to 40% (Hantous-Zannad et al.
2015; Mutyaba and Ntsekhe 2017; Lépez-Lopez
et al. 2021). It is more common in immunocom-
promised patients, especially those with AIDS
who present with tuberculous pericardial effu-
sion in 85% of cases (Mutyaba and Ntsekhe
2017; Lopez-Lopez et al. 2021). It results more
from retrograde lymphatic dissemination than a
hematogenous route. It can also result from
direct rupture of adjacent pulmonary or pleural
foci (Mutyaba and Ntsekhe 2017). Pericardial
fluid is typically paucibacillary (Mutyaba and
Ntsekhe 2017). Patients may present with one of
these four syndromes: acute pericarditis, effusive
pericarditis, myopericarditis, and constrictive
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Fig. 12 Chronic calcified pericarditis. (a—c¢) Axial and
(d) coronal contrast-enhanced CT images show circum-
ferential calcifications of the pericardium (white arrows),

pericarditis. TB accounts for 38—83% of causes
of constrictive pericarditis in endemic countries,
and pericardial TB evolves to constriction in
20-50% of cases, despite adequate treatment
(Lopez-Lopez et al. 2021).

US imaging, CT, and MRI can show pericar-
dial effusion and thickening and can be used to
assess their effect on the heart cavities. CT is the
best technique to show calcifications of the peri-
cardium, which is the final stage in the develop-
ment of tuberculous pericarditis (Hantous-Zannad
et al. 2015) (Fig. 12). Left ventricle myocardial
involvement results from hematogenous spread
most of the time. The right ventricle myocardium
is involved by contiguous spread from right

and dilatation of the atria, pulmonary artery, and inferior
vena cava (yellow arrow)

mediastinal lymph nodes. Patterns include myo-
carditis, tuberculomas, miliary tubercles, or dif-
fuse infiltration (Mutyaba and Ntsekhe 2017)
(Fig. 13). Endocarditis is extremely rare, with
only few cases having been reported (Lépez-
Lopez et al. 2021).

Tuberculous aortitis is exceptional and
accounts for 0.004% of 22,792 post-mortem
examinations performed over 50 years (Mutyaba
and Ntsekhe 2017). M. tuberculosis reaches the
aortic wall via the vasa vasorum and implants on
atheromatous plaques. Patients may present with
mycotic aneurysms of the thoracic or abdominal
aorta. Stenotic lesions are less frequent (Mutyaba
and Ntsekhe 2017; Lépez-Lépez et al. 2021).
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Fig. 13 Cardiac tuberculosis with myocardial tuberculo-
mas in a 24-year-old woman. Cardiac (a) four-chamber,
(b) short-axis cine, and (¢) delayed-enhancement MR

5.3.4 Anterolateral Chest Wall
Tuberculosis

TB of the anterolateral chest wall represents less
than 5% of osteoarticular TB and 15% of extra-
pulmonary thoracic TB (Hantous-Zannad et al.
2015). It mainly affects the ribs and intercostal
spaces (2%). Sternal and clavicular involvement
is rarer. Primary TB of the sternum occurs in
0.3% (Fig. 14). Chest wall TB is exceptionally
an isolated location (Bouslama et al. 1998). A
history of TB is found in 83% of cases, and
associated active pulmonary TB is found in 17%
of cases (Bouslama et al. 1998). Chest wall
involvement results either from hematogenous

images show myocardial and pericardial thickening (yel-
low arrows) as well as many tuberculomas with peripheral
enhancement (white arrows)

and lymphatic spread or from contiguous medi-
astinal lymph nodes and pleural empyema
(Kakamad et al. 2020). Patients generally pres-
ent with a fluctuant painless mass without
inflammatory signs (Bouslama et al. 1998;
Kakamad et al. 2020).

On imaging, presumptive signs of chest wall
TB infection include extensive osteolysis without
osteoblastic reaction and presence of bone
sequestra or fine soft tissue calcifications on
radiographs and CT (Chelli Bouaziz et al. 2009).
Pathological sternal or rib fractures may occur.
On US imaging, a cold abscess may manifest as a
thick-walled fluid collection containing bone
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Fig. 14 Multifocal anterolateral chest wall tuberculosis
in a 19-year-old woman. (a—-d) Axial contrast-enhanced
CT images show osteitis with associated collections of the
sternum (yellow arrows in a and b) and left sixth rib (yel-

sequestra or a heterogeneous tissue mass, most
often one that is largely necrotic (Hantous-
Zannad et al. 2015; Kabiri et al. 2020; Kakamad
et al. 2020). The walls of a cold abscess typically
show a regular enhancing rim after contrast
administration on CT and MRI (Chelli Bouaziz
et al. 2009). Needle aspiration or core biopsy is
sometimes needed to confirm the diagnosis
(Kakamad et al. 2020).

5.4 Atypical Forms of Pulmonary
Tuberculosis
5.4.1 Tumorlike Puimonary

Tuberculosis
Tumorlike pulmonary TB accounts for 3.5-4.5%
of cases in immunocompetent patients (Hantous-
Zannad et al. 2015). It is more common in
immunocompromised patients. Mycobacterial

low arrow in d). Note the necrotic internal mammary
lymph node (white arrowhead in a), right paravertebral
and intraspinal epidural collections (red arrowheads in ¢),
as well as a right pleural effusion

infections account for 27% of all lesions mimick-
ing lung cancer (Hammen 2015). This form of
pulmonary TB occurs at an average age of
45 years (Hantous-Zannad et al. 2015). However,
it may also occur in children (Chen et al. 2018b).
The period taken for diagnosis varies between 30
and 70 days, due to the negativity of direct exam-
ination of the common samples (Hantous-Zannad
et al. 2015). The diagnosis is made based on cul-
tures of bacteriological samples and on patho-
logical examination of fragments of bronchial
and transparietal biopsies and operative resection
specimens. The diagnostic accuracy, sensitivity,
specificity, positive predictive value, and negative
predictive value of CT-guided percutaneous biop-
sies for the diagnosis of TB are 90%, 79.6%,
100%, 100%, and 88.9%, respectively (Chen
et al. 2018a).

There are two forms of pseudotumoral TB,
namely the parenchymal form and the
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Fig. 15 Tumorlike tuberculosis in a 23-year-old man
who presented with chest pain. (a) PA chest radiograph
shows a rounded right lower zone opacity (white arrow).
(b and ¢) Coronal and (d and e) axial CT images show an
endobronchial mass (red arrows in b and ¢), pulmonary

endobronchial form (Fig. 15). The parenchymal
form may present either as a single mass, as well
as a rounded consolidation, mimicking a primary
lung cancer, or as many nodules simulating
metastases (Kaur 2021). Lesions are generally
predominantly found in the apical and dorsal seg-
ments of the upper lobe and the apical segment of
the lower lobe. However, these locations are not
specific. Some signs may suggest the diagnosis
of TB, such as peripheral contrast enhancement
of masses; coexistence of diffuse, central, or
lamellar calcifications; necrotic or calcified
lymph nodes; and centrilobular micronodules
producing a tree-in-bud appearance and acinar
nodules (Hantous-Zannad et al. 2015).

nodules (white arrows in d), and a necrotic mass (white
arrow in e) in the right lower lobe. (f) Follow-up axial CT
image shows that the disease has healed after treatment
with sequela of a calcified nodule (white arrow)

5.4.2 Paucibacillary Tuberculosis

Paucibacillary TB is defined by a negative acid-
fast bacilli (AFB) smear microscopy. AFB smear
microscopy has a sensitivity of only 34-80% for
the diagnosis of pulmonary TB (Park et al. 2019).
Hence, the confirmation of paucibacillary TB is
made on cultures or on pathological examination
of a biopsy sample. It represents 41-49% of all
new cases of TB in countries with a high ende-
micity for this disease and is responsible for
10-20% of TB transmission (Li et al. 2013;
Campos et al. 2016). It is more common in men
than in women and in HIV-positive patients (Li
et al. 2013; Campos et al. 2016). The World
Health Organization recommends the diagnosis
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Fig. 16 Paucibacillary tuberculosis in an 18-year-old patient who presented with chronic cough. (a and b) Axial CT
images show micronodules and nodules of the left upper and lower lobes

of these forms in immunocompromised and
immunocompetent patients to be based on clini-
cal symptoms and chest radiographical features
(World Health Organization 2007; Huerga et al.
2012; Walusimbi et al. 2013). However, only
55% of patients can be treated based on this
approach (Huerga et al. 2012).

Patients with smear-negative TB have less
typical chest radiographical features. CT is more
sensitive and is particularly indicated in patients
with normal or nonsuggestive chest radiographi-
cal findings (Matsuoka et al. 2004). Its sensitivity
and specificity for detecting signs of disease
activity in paucibacillary patients range from
70% to 88%. Its positive predictive value is in the
70-92% range, and its negative predictive value
is in the order of 80%. It can be used to look for
signs of TB disease activity such as centrilobular
micronodules with a “tree-in-bud” appearance,
acinar nodules, cavitating nodules, consolidation,
and areas of ground-glass opacities (Caliskan
et al. 2014) (Fig. 16). Centrilobular micronodules
are the most frequently seen lesions and are as
common in paucibacillary patients as in bacillif-
erous patients (Alsowey et al. 2017; Kim et al.
2019). Consolidation, cavitation, and involve-
ment of the upper lobes and of multiple lobes are
more frequent in bacilliferous patients (Alsowey
et al. 2017). Peripheral location and lower zone
involvement are associated with smear-negative
TB (Lee et al. 2021). CT is more sensitive but

less specific than polymerase chain reaction
(PCR) test and less sensitive and less specific
than IGRA for the diagnosis of smear-negative
TB (Lee et al. 2010; Shaarrawy et al. 2013;
Alsowey et al. 2017).

5.4.3 Tuberculosis of the Lung Bases

TB of the lung bases is an atypical form of TB
and is defined by lesions located inferior to the
hilum, i.e., involving the right middle lobe, the
lingula, and the lower lobes without involvement
of the upper lung (Halawar and Sudhindraswamy
2019; Ben Miled-M’Rad et al. 2002). It repre-
sents almost 5% of all cases of pulmonary TB,
with diabetes mellitus as the main risk factor and
predominance to the right side. The main radio-
logical findings are patchy opacities and homo-
geneous consolidations. Cavities may also be
observed (Halawar and Sudhindraswamy 2019)
(Fig. 17). Mechanisms of involvement of the
lung bases include inoculation from apical foci,
fistulation of a hilar lymph node in a bronchus, or
retrograde lymph flow from the hilum to the
lower lung territories (Ben Miled-M’Rad et al.
2002).

5.4.4 Multidrug-Resistant
Tuberculosis

Multidrug-resistant tuberculosis (MDR-TB) is

defined as resistance to at least isoniazid

and rifampicin. Extensively drug-resistant
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Fig. 17 Tuberculosis of the lower lungs. (a) PA chest
radiograph shows a cavitating opacity in the right lower
lung (black arrow). (b and ¢) Axial MIP-reconstructed
HRCT images show tree-in-bud opacities with a cavitat-
ing consolidation of the right lower lobe (black arrow). (d)
Axial and (e) coronal MIP-reconstructed contrast-

tuberculosis (XDR-TB) has been defined, since
January 2021, by resistance to any fluoroquino-
lone and at least one additional Group A drug
(Group A drugs comprise levofloxacin, moxiflox-
acin, bedaquiline, and linezolid) (World Health
Organization 2021b). Surgery has changed the
prognosis of patients with MDR-TB and
XDR-TB. However, the indications for surgery
are restricted to only 2% of these patients. Only
patients with unilateral involvement or limited to
operable locations can benefit from surgical treat-
ment, which has a cure rate of up to 90-98%
(Mordant et al. 2012). CT has an essential place
in the pre-operative assessment of the disease
extent (Fig. 18).

Tuberculosis

in Inmunocompromised

Patients

TB can occur in patients with impaired cellular
immunity. Patients with organ transplant and
AIDS are 20 to 30 times more likely to develop
TB (Nachiappan et al. 2017). TB occurs at a stage
where the CD4 level is most often between 200
and 500/mm? and is responsible for 12% of
deaths in patients with AIDS (Hantous-Zannad
et al. 2015; Guedes 2018). Chest radiographical

5.4.5

enhanced CT images show right chronic pulmonary
embolism (seen as the absence of opacification of the
right pulmonary arteries, compared to the left side in d)
and hypertrophy of the bronchial arteries (yellow arrows
in e)

signs vary according to the CD4 count (Hantous-
Zannad et al. 2015; Nachiappan et al. 2017).
When the CD4 level exceeds 350/mm?, TB has a
classic presentation with occurrence of upper
lobar cavities. However, radiographs may be nor-
mal in patients with a CD4 count below 200/
mm?®, explaining the absence of AFB in sputum
(Hantous-Zannad et al. 2015; Nachiappan et al.
2017). The apical location is less frequent than in
immunocompetent patients. Mediastinal lymph
node enlargement, hematogenous dissemination,
and extrapulmonary involvement are more fre-
quent in immunosuppressed patients (Guedes
2018). Miliary TB can occur in patients with
severe immunosuppression. Worsening of pul-
monary lesions can occur within 60 days after
anti-retroviral therapy, which is associated with
immune reconstitution inflammatory syndrome
observed when the CD4 level is less than 5/mm?
(Nachiappan et al. 2017). CT may suggest the
diagnosis and evaluate the disease extent
(Hantous-Zannad et al. 2015).

Cancers and their treatment are also recog-
nized to promote the development of TB
(Fig. 19). In fact, the incidence of TB in patients
with cancers is higher than that in a control
population, with a hazard ratio of 1.64 and
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Fig. 18 Multidrug-resistant tuberculosis in a 54-year-old patient. (a—c) Axial, (d) coronal, and (e) sagittal CT images
show a cavitating consolidation (white arrow) and nodules located mainly in the left upper lung (yellow arrows)

Fig. 19 Pulmonary tuberculosis in a 60-year-old woman
who was treated for breast cancer. She underwent surgery,
chemotherapy, radiotherapy, and hormonotherapy. (a and

incidence rate ratio (IRR) of 1.47 (Vento and
Lanzafame 2011; Shen et al. 2021). It is more
often observed in patients with aerodigestive
tract and hematological cancers (Vento and
Lanzafame 2011). The IRR of TB for adult
patients is 2.61. In hematological cancers, the
IRR is 3.53, and in solid cancers in adults, it is
2.25. The highest IRR is observed in children
with hematological malignancies or solid can-
cers (IRR 16.82) (Dobler et al. 2017). Its devel-

b) Axial CT images show cavitating consolidations (black
arrows), acinar nodules (black dashed arrows), and centri-
lobular micronodules (yellow arrowhead)

opment is explained by malnutrition and
alteration of the local and systemic immunity
that is caused by cancer itself or by chemother-
apy and radiotherapy (Vento and Lanzafame
2011). TB occurs most frequently in the year
before and the year after the diagnosis of cancer
(Shen and Lin 2021). Recurrence of TB is
observed in 3% and 5% of cases, respectively, in
the first year and the first 2 years after treatment
completion (Shu et al. 2019).
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6 Imaging Differential
Diagnosis

6.1 Pulmonary Tuberculosis

The imaging differential diagnosis depends on
the infection type and pattern.

6.1.1 Miliary Involvement

Miliary involvement is seen in a wide variety of
diseases. Chest radiographs alone cannot distin-
guish among the differential diagnoses. CT may
identify the hematogenous distribution of
micronodules and associated signs, thus restrict-
ing the etiological diagnostic range.

In infections, several microorganisms can
manifest as military involvement. Viral pneumo-
nitis has been reported, particularly the herpes
group of viruses (Agrawal 2011; Franquet 2011).
Other causes such as fungal infections, nocardio-
sis, and salmonellosis have also been described.
Miliary metastases (Agrawal 2011; Chaddha
etal. 2017) may be caused by many tumors, espe-
cially thyroid carcinoma, osteosarcoma, renal
cell carcinoma, breast carcinoma, pancreatic can-
cer, and lung cancer. Other histological types are
less frequent, such as malignant melanoma and
trophoblastic disease.

Miliary involvement has been described as a
rare presentation of sarcoidosis (Rajagopala et al.
2020). With the advent of high-resolution CT

(HRCT), perilymphatic nodule distribution is
better recognized, and the diagnosis of sarcoid-
osis is more easily considered (Koyama et al.
2004). However, random micronodules have
been described in sarcoidosis (Criado et al. 2010;
Chaddha et al. 2017). Associated signs such as
peribronchovascular thickening and symmetrical
nonnecrotic enlarged mediastinal lymph nodes
help in the diagnosis (Criado et al. 2010; Chaddha
et al. 2017) (Fig. 20).

Pneumoconioses such as silicosis, berylliosis,
and coal workers’ pneumoconiosis may also
manifest as a miliary pattern. Hypersensitivity
pneumonitis may appear miliary on chest radio-
graphs. CT is able to highlight the centrilobular
distribution of micronodules and their ground-
glass appearance (Fahim and Khan 2011).
Langerhans cell histiocytosis may rarely mani-
fest as a miliary pattern (Chaddha et al. 2017)
(Fig. 21).

6.1.2 Cavitating Lesions

Cavitating lesions can occur in other diseases
including infection, vasculitis, and sarcoidosis.
There is a huge number of species of nontuber-
culous mycobacteria, and only a few have a
proven pulmonary pathogenicity in humans:
Mycobacterium avium complex (MAC/M.
avium and M. intracellular), M. kansasii, M.
xenopi, and M. abscessus. The diagnosis is dif-
ficult, requiring a concordance of clinical,

Fig. 20 Miliary sarcoidosis in a 32-year-old woman. (a
and b) Axial HRCT images show randomly distributed
micronodules in both lungs (a) that disappeared after

treatment with corticosteroids (b). Note also peribroncho-
vascular thickening (yellow arrows) and hilar lymphade-
nopathy (red arrow) on the initial HRCT image (a)
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Fig.21 Langerhans cell histiocytosis. (a) PA chest radio-
graph shows a miliary pattern. (b—d) Axial CT images
show diffuse ground-glass micronodules. (e-g) Follow-up
CT images show appearance of confluent cysts.

Association of miliary tuberculosis and pneumocystosis
was suggested. Diagnosis of Langerhans cell histiocytosis
was confirmed by high CD1a count from the bronchoal-
veolar lavage. Pneumocystis jirovecii test was negative

Fig. 22 Atypical mycobacterial infection in a 48-year-
old man who presented with fever and night sweats. He
was previously treated for gastric lymphoma in 1996 and
pulmonary tuberculosis in 2016. (a and b) Axial and (c

radiological, and bacteriological criteria. Three
radiological presentations have been described.
M. avium and M. kansasii cause the “tuberculo-
sis-like” form with nodules, “tree-in-bud”

and d) axial and (e) coronal MIP-reconstructed CT images
show bilateral cavitating consolidations (arrows) and tree-
in-bud opacities (circled). Sputum bacteriological exami-
nation showed Mycobacterium kansasii

appearance, and cavities, which predominate in
the upper lobes (Andréjak et al. 2011)
(Figs. 22 and 23). Uncommon bacterial infec-
tions that have been reported to have a cavitary
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Fig.23 Atypical mycobacteria infection (Mycobacterium
fortuitum) in a 22-year-old man with no past medical his-
tory who presented with dry cough and weight loss. (a—e)
Axial contrast-enhanced CT images show tree-in-bud

pattern are actinomycosis (Fig. 24) and nocar-
dia (Fig. 25). Fungal infections that may mani-
fest as a chronic cavitating consolidation
include aspergillosis, mucormycosis, histoplas-
mosis, blastomycosis, cryptococcosis, and
pneumocystosis (Fig. 26).

Common imaging findings in vasculitis
(granulomatosis with polyangiitis) include
multiple, bilateral pulmonary masses that may
cavitate in larger lesions. These cavitating
nodules and masses have thick and irregular
walls (Cho et al. 2019). Very active forms of
sarcoidosis may cavitate and mimic
TB. However, they remain very rare, compris-
ing fewer than 1% of cases. The diagnosis is
sometimes difficult, and even more so in the
presence of micronodules and upper zone pre-
dominance of lesions. Bullae in advanced
fibrotic sarcoidosis may simulate the sequelae
of TB (Fig. 27).

opacities in the upper lungs (a and b), a cavitating nodule
(arrow in ¢), and multiple enlarged mediastinal lymph
nodes (arrows in d and e)

6.1.3 Lung Cancer
The diagnosis of TB and lung cancer can be dif-
ficult as symptoms of both diseases are often
similar. Some radiological features can help in
differentiating cancer from pseudotumoral
TB. Malignant lesions have irregular or spicu-
lated margins (Bhatt et al. 2012), whereas centri-
lobular micronodules around lesions with a
“tree-in-bud” appearance are the most character-
istic CT features suggestive of pulmonary
TB. Tuberculoma can also mimic lung cancer,
especially in the absence of calcifications.
However, the presence of benign-looking calcifi-
cation within the nodule, adjacent tree-in-bud
lesions, or satellite nodules may help in differen-
tiating tuberculomas from malignant nodules.
PET/CT has been suggested to distinguish
between both diagnoses. However, increased
FDG intake is also observed in granulomatous
inflammation and tuberculomas. Maximum
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Fig. 24 Actinomycosis in a 60-year-old man, a cigarette
smoker, who presented with hemoptysis. (a—¢) Axial CT
images show an irregular-walled air-filled cavity with

standardized uptake values (SUVmax) tend not to
be significantly different for TB and malignant
lesions (Goo et al. 2000; Zheng et al. 201 1; Ankrah
etal. 2016). Thus, positive ¥ F-FDG PET/CT find-
ings should be interpreted with caution in
TB-endemic regions. Besides '®F-FDG, other PET
tracers have been investigated for imaging of TB.
"'C-choline has been evaluated for differentiation
of lung cancer and other lesions, including active
TB, and has been proven to be an accurate tool for
this differentiation, especially in cases of combin-
ing ""C-choline and "®F-FDG (Hara et al. 2003;
Ankrah et al. 2016). Nevertheless, this tool is not
generally used in our mainstream practice.

6.2 Lymph Node Tuberculosis

Many conditions can produce enlarged mediasti-
nal nodes with low attenuation on CT.

hypodense content (arrows in a and c¢) that shifts to a
dependent position on the prone image (b). The diagnosis
was pathologically confirmed after upper right lobectomy

6.2.1 Sarcoidosis

Typically, the lymphadenopathies observed in
sarcoidosis are well defined, homogeneous,
with hilar and right paratracheal predominant
locations (Criado et al. 2010). Symmetry is an
important diagnostic feature to differentiate
sarcoidosis from TB. The lymph node pattern
of enhancement is an important criterion in the
differentiation of a tuberculous node from one
due to sarcoidosis. Sarcoidosis lymphadenopa-
thy typically enhances homogeneously.
However, it should be noted that even sarcoid-
osis lymphadenopathy may have heteroge-
neous enhancement with the “cluster of black
pearls” sign. This sign corresponds to tiny
round hypodense nodules scattered uniformly
within an enlarged node (Venkata Ramanan
etal. 2017) (Fig. 28). Lymph node calcification
may be present in long-standing sarcoidosis.
When  calcifications  have  amorphous,
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Fig. 25 Nocardiosis in an 11-year-old patient with a his-
tory of chronic septic granulomatosis. (a and b) Axial CT
images show multiple cavitating consolidations in the
right lower lobe without obvious communication with the
bronchial tree. (¢ and d) Axial MIP-reconstructed CT

punctuate, or popcorn-like appearances, it
becomes indistinguishable from those seen in
other infectious granulomatous diseases such
as TB (Suwatanapongched and Gierada 2006;
Criado et al. 2010). Eggshell-like calcifications
are more suggestive of sarcoidosis (Criado
et al. 2010).

6.2.2 Fungal Infections

Fungal infections, most notably histoplasmosis
and pulmonary coccidioidomycosis, can be con-
sidered in cases of lymph node enlargement (Nin
et al. 2016). In the acute form of histoplasmosis,
lymphadenopathy is a common finding. In the
chronic form, calcifications may be seen (Nin
et al. 2016).

images show bilateral confluent centrilobular micronod-
ules predominantly in the middle and right lower lobes.
Favorable outcome was achieved after appropriate antibi-
otic treatment with cotrimoxazole.

6.2.3 Lymphoma and Lymph Node
Metastases

Like TB, lymphomatous adenitis appears asym-
metrical (Suwatanapongched and Gierada 2006).
The enhancement pattern can be helpful in distin-
guishing TB from lymphoma. Commonly, lym-
phoma shows homogenous enhancement, which
is very rarely described in lymph node TB (Tang
etal. 2012) (Fig. 29a, b). The association between
lymphoma and TB should be considered in
endemic countries because of immunity suppres-
sion due to lymphoma, and the similarities in
clinical course as well as imaging findings
(Narasimhan et al. 2014). Lymph node metasta-
ses are characterized by asymmetrical involve-
ment and low-density attenuation (Fig. 29c, d).



Imaging of Thoracic Tuberculosis 209

Fig. 26 Atypical form of pneumocystosis. (a and b) tating (arrowheads). (¢) Follow-up axial CT image shows
Axial CT images show right upper lobe cystic lesions  clear regression of lesions after treatment
(arrows) associated with nodules, most of which are cavi-

o A4

Fig. 27 Cavitating sarcoidosis mimicking tuberculosis sequelae. (a) Axial and (b) coronal CT images show bilateral
cavitating consolidations of the upper lobes and the upper segments of the lower lobes with bronchiectasis (arrows)

BE-FDG PET is not useful in distinguishing TB  supraclavicular, and intra-abdominal tuberculous
from malignant lymphadenopathy. A high focal lymphadenitis (Harkirat et al. 2008; Pelletier-
uptake of FDG has been reported in mediastinal, ~Galarneau et al. 2017).



210 S. Hantous-Zannad et al.
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Fig. 28 Sarcoidosis mediastinal lymphadenitis. (a and b) Axial contrast-enhanced CT images show heterogeneous
enhancement of enlarged mediastinal lymph nodes with the “cluster of black pearls” sign (arrows)

Fig.29 Different malignant conditions mimicking medi- lymph nodes (arrows) and (¢ and d) melanoma metastases
astinal lymph node tuberculosis. Axial contrast-enhanced ~ with heterogeneous and confluent enlarged lymph nodes
CT images show (a and b) Hodgkin lymphoma with  (arrows)

asymmetrical and homogeneous enlarged mediastinal
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6.3  Pleural Tuberculosis

Pleural TB can be confused with several differen-
tial diagnoses, mainly malignant pleural disease.
In fact, it can mimic metastatic pleural disease,
mesothelioma, and primary pleural lymphoma.
Common imaging signs suggestive of malignant
pleural disease are circumferential pleural thick-
ening, nodular thickening (with unique or multi-
ple nodules), pleural thickening >10 mm, and
mediastinal pleural involvement (Kim et al.
2016). In some cases, distinguishing between
pleural TB and malignant pleural disease is chal-
lenging, especially in cases of extensive pleural
TB with mediastinal pleural involvement (Kim et
al. 2014). In a recent study, the phlegmonous
appearance of paracardiac fat (defined as a com-
bination of paracardiac fat stranding and multiple
fluid collections) with no lymph nodes in the ipsi-
lateral paracardiac fat has been found to be more
frequent in pleural TB than in malignant pleural
effusion (Lee et al. 2020). Pleural TB may also
mimic some benign pleural diseases such as
non-specific pleural empyema, inflammatory dis-
ease, asbestosis, or silicosis.

7 Diagnosis Confirmation

Sputum smear and culture of AFB are considered
the first step for the diagnosis of pulmonary
TB. Sputum should be spontaneously produced
by the patient in the morning immediately after
waking up and before breakfast, i.e., on an empty
stomach. Otherwise, induced expectoration
should be performed. Gastric tube insertion is
indicated in cases where there is difficulty in pro-
ducing sputum, particularly in children and
women. If sputum samples are negative, bron-
chial endoscopy with bronchoalveolar lavage can
be performed. Sputum produced immediately
after bronchoscopy should be collected for smear
and culture to optimize the diagnostic yield.
Samples can be obtained by tracheal or tracheo-
bronchial aspiration in intubated patients.
Specimens from associated extrapulmonary loca-

tions can also be considered. In case of mediasti-
nal lymphadenopathy, endobronchial US-guided
transbronchial needle aspiration may be helpful
for diagnosis (Nachiappan et al. 2017). In patients
with AIDS (with a CD4 count <100 cells/mm?), it
is also recommended to perform mycobacterial
cultures of blood and urine (George et al. 2011).

There are several identification techniques
available for the diagnosis of TB. Direct micros-
copy still plays a major role in the diagnosis and
follow-up of TB. The demonstration of acid-
alcohol-resistant bacteria by Ziehl-Neelsen stain
(fuchsin) or by auramine is considered as the ref-
erence technique. In rapid molecular tests, the
direct detection of M. tuberculosis by genomic
amplification (PCR) is very specific, allowing
diagnostic confirmation within hours. Culture-
based methods (Lowenstein-Jensen) improve the
results of direct examination, taking up to
8 weeks to provide results but remaining as the
reference standard. The use of liquid media and
automated reading systems can shorten culture
detection times to between 7 and 12 days
(Lewinsohn et al. 2017). Although multiple
advances have been made in the diagnosis of TB,
no reliable and simple test exists to definitively
diagnose the disease. Pathological examination
of tissue samples can be a diagnostic method by
demonstration of epithelioid granulomas with
caseous necrosis (Lewinsohn et al. 2017; World
Health Organization 2021c).

8 Treatment

The current recommended treatment for cases of
drug-susceptible TB disease is 6 months of first-
line regimen including the following drugs: iso-
niazid (H), rifampicin (R), ethambutol (E), and
pyrazinamide (Z), consisting of 2 months of ini-
tial phase with all four drugs (HRZE) followed
by a 4-month maintenance phase with two drugs
(HR): 2HRZE/4HR. The use of fixed dose com-
binations is recommended rather than separate
drugs. Anti-retroviral therapy should be started
during TB treatment in all people living with HIV
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(World Health Organization 2017). It is feasible
and safe to start anti-retroviral therapy within
2 weeks of TB treatment initiation, regardless of
CD4 cell count. For people with drug-susceptible
TB, treatment success rates are at least 85%.
Treatment for people with rifampicin-resistant
TB (RR-TB) and MDR-TB is longer and requires
drugs that are more expensive and more toxic.
The latest World Health Organization data show a
global treatment success rate of 59% for MDR-TB
(World Health Organization 2021c).

The best way to make sure that patients get
their treatment is to ensure that they take the
medication under direct observation. All comor-
bidities should be addressed, especially any psy-
chiatric illnesses that might affect adherence to
TB treatment. Efficiency monitoring is based on
clinical signs, chest radiography, and bacteriol-
ogy (microscopy and cultures). The bacteriology
control must be done at 2 months, at the end of
the fifth month to look for treatment failure, and
at the sixth month (Fitzwater et al. 2010; World
Health Organization 2013). A chest radiograph
should be obtained in all patients at the comple-
tion of treatment to establish a new baseline.
Patients responsive to pulmonary TB treatment
and normal chest radiographs do not require any
follow-up. Those with an abnormal chest radio-
graph at the end of the treatment should have a
new one two months later to decide whether the
patient needs further follow-up. Relapse occurs
in 1-3% of cases and is defined by a positive cul-
ture 1-2 years after treatment completion
(Alffenaar et al. 2018).

For LTBI, recommended options for
TB-preventive treatment include a weekly dose
of rifapentine and isoniazid for 3 months (3HP),
a daily dose of rifampicin and isoniazid for
3 months (3HR), a daily dose of rifapentine and
isoniazid for 1 month (1HP), a daily dose of
rifampicin for 4 months (4R), and a daily dose of
isoniazid for 6 months (6H) or longer (Migliori
et al. 2018; World Health Organization 2018).
The unique licensed vaccine helpful in protecting
against TB disease in children is the bacille
Calmette—Guérin (BCG) vaccine. No vaccine is
effective in preventing TB disease in adults,
either before or after exposure to TB infection
(World Health Organization 2021c).

9 Disease Course,
Complications, and Sequelae

With treatment, nonresistant TB disease cure is
obtained in 96% of patients. Treatment failure is
defined by bacillus persistence in the sputum for
at least 5 months after treatment onset.
Complications and sequelae may appear during
or after treatment.

9.1 Imaging of Tuberculosis

Complications

Sometimes, vital complications can occur, what-
ever the evolutionary stage of the disease. The
role of CT is fundamental in diagnosis, treatment
guidance, and monitoring.

9.1.1 Hemoptysis

Hemoptysis occurs more frequently in cases of
TB sequelae than in active TB disease (Carette
et al. 2012). The bleeding originates in most
cases from the bronchial arteries. CT angiogra-
phy aims to locate the bleeding in some cases and
to assess its etiology and mechanism. Several
lesions are responsible for hemoptysis, namely
bronchiectasis, broncholithiasis, systemic hyper-
vascularization, Rasmussen aneurysm, and asper-
gilloma (Carette et al. 2012; Almeida et al. 2020).
Systemic hypervascularization leads to hypertro-
phy of systemic bronchial and nonbronchial
(intercostal, diaphragmatic, internal mammary)
arteries. Thoracic CT angiography, performed in
the systemic arterial phase, allows clear visual-
ization of these arteries and specification of their
number, origin, and course. It is also useful to
identify ectopic vessels or nonbronchial collater-
als and to locate the artery of Adamkiewicz
(Carette et al. 2012).

9.1.2 Aspergilloma

Aspergilloma is a mycelial tuft associated with
mucus and cellular debris, developing mainly in a
residual cavity. Hemoptysis is the most common
clinical manifestation. Aspergilloma presents
radiographically as the “air crescent sign.” CT
shows a hypodense, mobile, and gravity-
dependent mass in a parenchymal cavity
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Fig. 30 Aspergilloma in a 74-year-old patient with a his-
tory of pulmonary tuberculosis. (a) Axial and (b) coronal
CT angiography images show resultant lesions in the
upper lobes with a left cavity containing a mycetoma

(arrow in a). Note the surrounding systemic bronchial and
nonbronchial bilateral hypervascularization, particularly
around this cavity (b)

Fig. 31 Rasmussen aneurysm in a 42-year-old man. (a
and b) Axial contrast-enhanced CT images show active
pulmonary tuberculosis with cavitating consolidation of

(Fig. 30). Thickening of the cavity wall or of the
adjacent pleura, as well as the appearance of fluid
contents, may be the first sign of aspergillus
development (Khan et al. 2020).

9.1.3 Rasmussen Aneurysm
Rasmussen aneurysm is a rare complication of
TB due to the weakening of the wall of a pulmo-

the left upper lobe. (¢) Coronal MIP-reconstructed
contrast-enhanced CT image shows the Rasmussen aneu-
rysm (arrow)

nary artery at the boundary of an adjacent cavity.
It can be responsible for a fatal hemoptysis.
Thoracic CT angiography can be used to diag-
nose Rasmussen aneurysm (Fig. 31) and to show
signs of active bleeding such as spontaneously
hyperdense contents of a cavity or extravasation
of contrast agent. Pulmonary arterial vaso-
occlusion is recommended for the treatment of



214

this complication (Carette et al. 2012; Hantous-
Zannad et al. 2015).

9.1.4 Thromboembolic
Complications

Pulmonary thromboembolism (PTE) or deep
vein thrombosis (DVT), or both, may be observed
in association with TB in active disease (Khan
et al. 2020) (Fig. 17). The prevalence of DVT and
PTE among patients with active TB is 2.07% and
0.95%, respectively, against 0.72% and 0.27%,
respectively, among control patients without TB
(Dentan et al. 2013). Hypercoagulability during
TB is attributed to associated factors such as
inflammatory syndrome, disorders of hemostasis
(protein S deficiency, protein C and antithrombin
III resistance), and chronic hypoxia (Berthe et al.
2014). Careful attention to PTE/DVT should be
paid at the time of diagnosis of TB and during
anti-TB therapy (Ha et al. 2019). The diagnosis
of PTE and DVT is confirmed by CT angiogra-
phy and Doppler US imaging, respectively.

9.1.5 Cancer Complicating

Parenchymal Sequelae

of Tuberculosis
The association between TB and cancer is not
accidental. Chronic inflammation and the process
of fibrous scarring lead to metaplasia predispos-
ing to malignant transformation. The diagnosis is
suggested by the modification of pre-existing
lesions, convexity of the contours of parenchy-
mal consolidation, and appearance or existence

S. Hantous-Zannad et al.

of a pleural extension or bone osteolysis by con-
tiguity or by occurrence of lymphadenopathies
(Hantous-Zannad et al. 2015; Khan et al. 2020).

9.1.6 Bronchopleural Fistulae

A bronchopleural fistula is a direct communica-
tion between the pleural cavity and the bronchial
tree or lung parenchyma. This may develop either
during the active stage of TB infection or as a
complication of chronic tuberculous empyema.
Multiplanar reconstructed CT images help in
identifying and recognizing these fistulas (Choi
et al. 2001; Khan et al. 2020).

9.1.7 Complications of Lymph Node
Involvement

Complications of lymph node involvement such
as broncholithiasis and rupture into the bronchus
or esophagus (Fig. 32) are easily recognized on
CT, which is facilitated by multiplanar recon-
structions. CT can also help suggest the diagnosis
of mediastinal fibrosis resulting from coales-
cence of granulomatous mediastinal nodes and
the development of multiple foci of tuberculous
granulomas in the mediastinum. Chest radio-
graphs show few abnormalities, which contrast
with obvious clinical signs such as the superior
vena cava syndrome. CT angiography shows
mediastinal fibrosis and its impact on mediastinal
vessels and the air—tracheobronchial axis by
demonstrating thrombosis of the superior vena
cava, compression of the arteries and pulmonary
veins, and compression of the trachea and the

Fig. 32 Nodal-esophageal fistula in a patient with active
tuberculosis who presented with dysphagia. (a—c) Axial
contrast-enhanced CT images show necrotic enlarged

mediastinal lymph nodes communicating with the esoph-
agus lumen and containing air (arrows)
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Fig. 33 Mediastinal fibrosis confirmed by surgical
biopsy in a 65-year-old woman who was previously
treated for pulmonary tuberculosis. (a) Axial and (b) cor-
onal contrast-enhanced CT images show a partially calci-

large bronchial trunks (Fig. 33). Associated pul-
monary sequelae evoke the tuberculous origin of
mediastinal fibrosis (Khan et al. 2020).

9.2 Interventional Radiology
Treatment of Tuberculosis
Complications

9.2.1 Hemoptysis

TB results in chronic inflammation of the lungs,
which leads to recruitment of systemic vessels,
either bronchial or nonbronchial, in the inflamed
regions. These vessels may rupture, resulting in
hemoptysis that may threaten the patient’s life.
Patients with hemoptysis due to TB may be
treated by embolization. TB represents 50% of
causes of hemoptysis in patients undergoing
bronchial arterial embolization. This technique
results in immediate clinical course improvement
in 86-96% of patients (Shin et al. 2011; Pei et al.
2014). Recurrence of hemoptysis after emboliza-
tion is observed in 30.6-50% of patients,
particularly in those with active TB, mycetoma,
and incomplete embolization. The risk of
recurrence increases with time. In fact, cumula-
tive recurrence-free rate shifts from 98.5% at
1 month to 65.7% at 48 months (Shin et al. 2011;
Peng et al. 2019). Endovascular treatment is also

fied mediastino-pulmonary mass sheathing the right
bronchial tree (arrow in a) with parietal irregularity and
lumen narrowing (arrow in b)

a common procedure for the management of
Rasmussen aneurysm. Embolization should be
done by systemic and pulmonary arterial
approaches because of the development of
pulmonary-to-systemic arterial anastomoses pro-
duced by chronic inflammation (Tanahashi et al.
2016; Giraldo-Montoya et al. 2018).

9.2.2 Intracavitary Treatment

of Aspergillomas

Aspergillomas developing in tuberculous cavities
are complex and may cause life-threatening
hemoptysis. The gold standard treatment of
aspergillomas remains to be surgical excision.
However, patients with contraindications to sur-
gery may undergo nonsurgical alternatives such
as systemic administration of antifungal medica-
tion, transbronchial removal of aspergilloma, and
endobronchial and intracavitary instillation of
antifungal medication. The latter is performed
under CT guidance via catheter placement in the
cavity containing the aspergilloma (Lang et al.
2020). The aim of this technique is to completely
fill the cavity, therefore creating an anaerobic
environment that is inappropriate for aspergillus
development (Giron et al. 1998) (Fig. 34).
Technical success is achieved in 95-100% of
cases, with clinical cessation of hemoptysis in
85-100% of patients (Giron et al. 1998; Kravitz
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Fig. 34 Intracavitary treatment of an aspergilloma in a
58-year-old man who presented with recurrent tuberculo-
sis. (a) PA chest radiograph shows a cavitating lesion with
an internal mass suspicious of aspergilloma (white
arrows). (b) Axial CT image shows the aspergilloma
(black arrow) more precisely. The diagnosis was con-

firmed by serology. The patient had a functional contrain-
dication to surgery. (¢) Axial CT image and (d) PA chest
radiograph show a pigtail catheter introduced into the cav-
ity, which was filled by contrast material and amphoteri-
cin B (white arrow)
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et al. 2013). Disappearance of the fungal ball
occurs in 72.5% of cases (Giron et al. 1998).

9.3 Imaging of Post-tuberculosis

Sequelae

Post-TB sequelae are due to the anatomical and
pathophysiological changes in the chest follow-
ing TB infection, even after completion of treat-
ment and achievement of bacteriological cure.
They depend on the interaction between the viru-
lence of tuberculous bacilli and the host’s
immune response, duration of the disease, and
delay in diagnosis. Various sequelae lesions can
persist in both primary and post-primary TB and
can be the cause of complications. These sequelae
can be categorized into parenchymal lesions, air-
way disease, pleural and chest wall lesions,
mediastinal lesions, and vascular abnormalities
(Khan et al. 2020). CT evaluation at the end of
the treatment, possibly repeated, with search for
tuberculous bacilli may be necessary before con-
cluding that there is inactive TB.

9.3.1 Parenchymal Lesions

Tuberculomas can be observed after primary or
post-primary TB and are often located in the
upper lobes. They appear as single or multiple

—m

solid nodules, usually with smooth margins, mea-
suring between a few mm to 3 cm in size (Fig. 35).
They may contain calcifications, which may be
nodular or diffuse, are found in 20-30% of cases,
and are better visualized on CT (Hantous-Zannad
et al. 2015). Tuberculomas can manifest as an
eccentric cavity or a hypodense lesion with
peripheral contrast enhancement. Any change in
the CT appearance, such as an increase in volume
and the appearance of surrounding bronchiolar or
acinar micronodules, should suggest TB reactiva-
tion (Carette et al. 2012; Hantous-Zannad et al.
2015; Khan et al. 2020).

With anti-TB treatment, the cavitary lesions
retract, their walls become thinner, and the sur-
rounding lesions tend to disappear. These cavities
may persist and usually have regular walls, usu-
ally of less than 1 cm and even 1 mm thickness,
making them difficult to distinguish on CT from
an emphysematous bulla, cystic bronchiectasis,
air cyst, or pneumatocele (Hantous-Zannad et al.
2015) (Fig. 36). They can be complicated by sec-
ondary pyogenic infection or aspergillus devel-
opment or be the site of TB reactivation (Khan
et al. 2020).

The process of healing tuberculous parenchy-
mal lesions may lead to fibrous bands and retrac-
tile stellar or linear scarring. These fibrous lesions
may be associated with traction bronchiectasis

‘

Fig.35 Tuberculoma in a 42-year-old woman. Axial contrast-enhanced CT images taken in (a) soft tissue and (b) lung
window settings show a tuberculoma of the right upper lobe (arrows)
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Fig. 36 Tuberculosis sequelae. (a) PA chest radiograph
shows retractile bilateral apical opacities with bilateral
hilar elevation. (b and ¢) Axial HRCT images show

and paracicatricial emphysema, which has a
characteristic appearance on CT (Hantous-
Zannad et al. 2015). Extensive parenchymal
destruction may appear as atelectasis of an entire
lobe or entire lung. It may be the site of bronchi-
ectasis and cavitary images associated with
retraction of the mediastinum; enlargement of the
trachea, the remaining lung, and the esophagus;
and retraction of the parietal pleura with hyper-
trophy of extrapleural fat (Fig. 36). Compensatory
expansion of the healthy lung as well as broncho-
vascular and scissural distortion are observed.
Lobar or segmental atelectasis may also occur
secondary to proximal bronchial obstruction
(Pathak et al. 2016).

9.3.2 Tracheobronchial Stenosis

Tracheobronchial stenosis may result from
fibrous parietal involvement caused by bronchial
TB. This appears on CT as regular circumferen-
tial wall thickening with narrowing of the bron-
chial lumen. The stenosis may be secondary to
compression of the bronchus by a residual lymph

L=

|

X7
v,

destruction of the upper lobes with cavities and bronchi-
ectasis. Note the extrapleural fat hypertrophy (arrow)

node. Erosion of the bronchial wall by a calcified
compressive lymph node causes broncholithiasis
(Hantous-Zannad et al. 2015; Pathak et al. 2016;
Khan et al. 2020) (Fig. 37). CT is ideal to aid
diagnose and assess the impact of bronchial
obstruction downstream, i.e., obstructive pulmo-
nary disease, atelectasis, expiratory trapping, and
bronchiectasis. Constrictive bronchiolitis associ-
ated with fibrous involvement of the bronchioles
leads to air trapping and emphysematous lesions.
CT reveals areas of hypoattenuation reflecting air
trapping and pulmonary arterial vasoconstriction,
which is accentuated on expiration (Hantous-
Zannad et al. 2015).

9.3.3 Mediastinal Lesions

Residual lymph nodes may persist after tubercu-
lous lymph node involvement, even when prop-
erly treated. Caseous lesions are gradually
replaced by fibrous tissue and calcification. The
Ranke complex is a sequel of primary TB, com-
prising a Ghon lesion that has undergone calcifi-
cation and an ipsilateral calcified mediastinal
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Fig. 37 Broncholithiasis in a 45-year-old patient with a
history of pulmonary tuberculosis who presented with
recurrent hemoptysis. Axial contrast-enhanced CT images
taken in (a) soft tissue and (b) lung window settings and

node (Choi et al. 2001; Carette et al. 2012; Khan
et al. 2020). Fibrous or calcified thickening of the
pericardium may complicate pericardial effusion,
resulting in constrictive pericarditis in about 10%
of patients. CT shows pericardial thickening of
more than 3 mm and can identify calcifications
(Khan et al. 2020). MRI enables studying the
effects of constrictive pericarditis on right car-
diac function (Hantous-Zannad et al. 2015).

9.3.4 Pleural Lesions

Fibrothorax refers to an extensive and regular
thickening of the pleura, which can be partially or
totally calcified. It presents as diffuse pleural
thickening but without effusion, suggesting inac-
tivity, and is associated with volume loss of the
ipsilateral lung. Patients with diffuse pleural
thickening may develop restrictive lung disease
(Khan et al. 2020). Empyema may persist and
cannot be confirmed to be inactive on imaging. It
may be complicated by empyema necessitans,
bronchopleural fistula, and pneumothorax. More
rarely, they can form the basis of neoplastic
degeneration (Choi et al. 2001). Chyliform effu-
sion is also a known post-TB pleural complica-
tion. CT findings include air-fluid, fat-fluid, or
fat-calcium levels in the pleural cavity (Khan

(¢) coronal contrast-enhanced CT images taken in the soft
tissue setting show broncholithiasis in the middle lobe
bronchus (yellow arrows) with collapse of the middle lobe
containing bronchiectasis (arrowheads)

et al. 2020). A pleural fibrinous body is a charac-
teristic but non-specific lesion, producing the
appearance of a pseudopleural mass. Its diagno-
sis is suggested on CT by the presence of a hyper-
dense lesion and absence of enhancement after
contrast administration (Choi et al. 2001; Khan
et al. 2020).

9.3.5 ChestWall Sequelae

Osteitis, osteoarthritis, and tuberculous spondyl-
odiscitis can leave sequelae in the form of bone
or cartilage destruction and spinal deformity with
dorsal kyphosis. Soft tissue calcifications can
also be seen.

10 Conclusion

The radiological manifestations of thoracic TB
are variable and depend on factors related to the
host. Chest radiography remains the first-line
examination showing a characteristic appearance
in most cases. CT is an effective diagnostic
method when chest radiographs are normal or
inconclusive and provides valuable information
for the diagnosis and management of TB. In
patients with positive findings on TST or IGRA,
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imaging and especially CT play an important
role in risk stratification by helping to distinguish
latent infection, previous inactive disease, and
active disease. In addition to the diagnosis of TB,
HRCT is useful in determining disease activity.
Its role is essential in the management of compli-
cations dominated by hemoptysis due to its
severity and in the evaluation of sequelac. MRI
may be performed to evaluate some
complications.
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Abstract

Compared to pulmonary tuberculosis (TB),
extrapulmonary TB occurs much less fre-
quently, with abdominal TB comprising a
small subset of extrapulmonary TB. Although
a variety of imaging modalities are available,
computed tomography is the single most use-
ful technique for evaluating TB involving the
abdominal solid organs and peritoneal cavity.
The miliary, macronodular, serohepatic, and
cholangitic forms of hepatobiliary TB present
as rim-enhancing parenchymal hypodensities,
subcapsular lesions that sugar-coat and scal-
lop the liver surface, as well as bile duct thick-
ening, strictures, and periductal miliary
calcifications. Gall bladder and pancreatic TB
are very rare and mimic malignancy but the
presence of necrotic lymphadenopathy, asci-
tes, liver, spleen, or ileocecal lesions may

225

M. E. Ladeb, W. C. G. Peh (eds.), Imaging of Tuberculosis, Medical Radiology Diagnostic Imaging,

https://doi.org/10.1007/978-3-031-07040-2_9


mailto:shalagovil@gmail.com
mailto:s4govil@gmail.com
mailto:anuepn@yahoo.com
https://doi.org/10.1007/978-3-031-07040-2_9

226

S. Govil et al.

suggest the diagnosis. Splenic TB presents as
rim-enhancing hypodensities, calcifications,
or endarteritis-related infarcts. Peritoneal TB,
a relatively common form of abdominal TB,
involves the peritoneal lining, mesentery, and
omentum, and is caused by contiguous spread
from the fallopian tube, bowel, or psoas
abscess. The four forms of peritoneal TB are
wet-ascitic, dry-plastic, fixed-fibrotic, and
“abdominal cocoon.” Tuberculous lymphade-
nitis, the commonest form of abdominal TB,
occurs secondary to small bowel or right colon
infection and presents as enlarged, matted,
enhancing peripancreatic and superior mesen-
teric nodes that progress to fibrosis and calci-
fication following treatment and healing.

Abbreviations
CT Computed tomography
HIV  Human immunodeficiency virus

MRI Magnetic resonance imaging

the disease over the same period. The South-
East Asia region, as defined by the WHO,
accounts for 43% of the global burden; with
India alone harboring 26% of all patients, 8% of
whom are HIV-positive. The incidence of
extrapulmonary TB has also steadily increased
over the last three decades. Up to two-thirds of
patients with acquired immunodeficiency syn-
drome (AIDS) and TB have extrapulmonary
involvement. The WHO reports an extrapulmo-
nary TB average incidence of 16%, with an
additional 10-15% having coexistent pulmo-
nary and extrapulmonary TB (Evans et al. 2016;
CDC 2019; World Health Organization 2021).
Abdominal TB accounts for 5-17% of all
extrapulmonary TB; with the small bowel most
commonly affected (34%), followed by the peri-
toneum (31%), large bowel (22%), liver (15%),
and the upper gastrointestinal tract (9%), with
overlapping tuberculous lymphadenitis in
55-66% of cases (Al Karawi et al. 1995).

In this chapter, we discuss the imaging of hep-
atobiliary, pancreatic, splenic, peritoneal, and
lymph node TB, focusing on pathophysiology,

TB Tuberculosis clinical presentation, and differential diagnosis as

[N Ultrasound they pertain to imaging features and choice of
imaging modality.

1 Introduction 2 Hepatobiliary Tuberculosis

Tuberculosis (TB) is a disease of antiquity, 2.1 Pathophysiology

described as a consumptive illness (“phthisis™)
from as far back as the sixth century BC. After
achieving epidemic proportions as the “White
Plague” in the Western world in the seventeenth,
eighteenth, and nineteenth centuries, its recogni-
tion as a bacterial disease and consequent suscep-
tibility to antibiotics resulted in a brief period of
control in the twentieth century. In the last three
decades, however, there has been a resurgence of
this “Captain of all these men of death,” particu-
larly in patients infected with the human immu-
nodeficiency virus (HIV) (Herzog 1998).

The World Health Organization (WHO) esti-
mated that approximately ten million people fell
ill with TB in 2020 and 1.3 million died from

and Classification

Tuberculous bacilli most commonly reach the
liver by hematogenous arterial dissemination
during primary infection with Mycobacterium
tuberculosis or on reactivation of pulmonary
infection. Isolated hepatobiliary infection can
occur via the portal vein, from bowel or mesen-
teric TB. Less commonly, the liver may be
infected via the amniotic vein during prenatal or
perinatal dissemination. Regardless of the path-
way to the liver, the bacilli are contained within
granulomas (Chaudhary 2014). In isolated hepa-
tobiliary TB, the primary complex is formed
within hepatic hilar lymph nodes. If the host
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immune response is overwhelmed by the bacte-
rial load, granulomas develop with central case-
ation that may coalesce to form larger masses.

Pulmonary TB is associated with granulomas
in the liver in up to 20% of patients. Miliary TB
involves the liver in 20-50% (McMullan and
Lewis 2017), with patients with advanced preter-
minal pulmonary TB being more likely to have
liver involvement. Biliary system involvement is
usually secondary to rupture of liver granulomas
and release of bacteria into the bile, or involve-
ment of the bile ducts by lymph node masses
(Chaudhary 2014). Other pathological findings
that are associated with hepatic TB and may be
apparent on imaging include hepatic steatosis,
amyloidosis, and peliosis hepatis (McMullan and
Lewis 2017).

Many attempts have been made to classify
hepatobiliary TB with a view to differentiate mil-
iary multisystem involvement from localized
involvement of the hepatobiliary system and
abdominal organs. Some also differentiate micro-
scopic disease revealed only on liver biopsy from
gross disease apparent on imaging. From an
imaging standpoint, hepatobiliary TB can be
classified into four distinct patterns of involve-
ment, namely miliary, macronodular, serohe-
patic, and cholangitic forms that cover all
manifestations observed on imaging (Alvarez

Table 1 Classification of hepatobiliary tuberculosis

1998; Vanhoenacker et al. 2004; Amarapurkar
et al. 2008; Kakkar et al. 2015; Evans et al. 2016)
(Table 1).

2.2 Clinical Features

Hepatobiliary TB is most commonly seen in
younger patients between 30 and 50 years of age.
The most common symptom is right upper quad-
rant abdominal pain (65-87%), with non-specific
symptoms such as fever, anorexia, and weight
loss (55-90%). Symptoms are often present for a
year or more; and jaundice (35%), hepatomegaly
(70-96%), and splenomegaly (25-55%) may be
found on physical examination (Chong 2008;
Chaudhary 2014). Laboratory tests reveal
abnormal liver function tests, with a dispropor-
tionate elevation of serum alkaline phosphatase
and gamma glutamyl peptidase in the infiltrative
miliary or granulomatous forms.

23 Imaging

2.3.1 Chest Radiograph

An abnormal chest radiograph is seen in
65-75% of patients with hepatobiliary
TB. Findings include apical cavitation and

Miliary * Most common pattern Mixed
tuberculosis ¢ Disseminated disease * Miliary calcifications
* Concurrent involvement of abdominal organs * Nodular lesions
* Random, miliary micronodular lesions <2 cm * Different stages
» Miliary calcification * Coexisting granulomas
Macronodular | ¢ Rare compared to miliary * Liquefaction necrosis
tuberculosis | » Macronodular lesions >2 cm * Fibrosis
« Solitary or multiple ¢ Calcification
e Variable-sized
* Punctate calcification
Serohepatic * Rarest variant
tuberculosis * Subserosal tissue inseparable from the fibrous Glisson capsule
* Subcapsular hypodense lesions
 Thickened capsule
Tuberculous * Rare
cholangitis e Irregular dilated intrahepatic ducts
« Diffuse miliary peribiliary calcifications
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fibrosis, miliary nodules, and pleural effu-
sions. Subdiaphragmatic calcifications may be
seen on the chest radiographs in up to 50% of
patients (Alvarez 1998).

2.3.2 Ultrasound Imaging

The transabdominal ultrasound (US) imaging
features of hepatobiliary TB vary, depending on
the type of lesion.

2.3.2.1 Miliary Lesions

In the most common miliary form of the disease,
the only finding may be hepatosplenomegaly.
However, US imaging, with its high contrast res-
olution, may reveal miliary disease with a dif-
fusely echogenic and heterogeneous “bright
liver” containing multiple hyperechoic, nonshad-
owing specks (Akhan and Pringot 2002; Gupta
et al. 2019).

2.3.2.2 Macronodular Lesions
Macronodular liver lesions have a variable
appearance on US imaging and can appear
hypoechoic, mixed echogenicity with anechoic
foci of necrosis, hyperechoic or rarely,
hypoechoic with a hyperechoic caseous center.
The lesion can be fairly ill-defined, gaining
definition as multiple small hypoechoic lesions
coalesce to form a large mass and develop a
well-defined wall. Some of these lesions may
show a pseudocapsule due to compressed
parenchyma. Larger masses demonstrate echo-
genic debris, shaggy septations, and a “honey-
comb” appearance. Calcifications may be
apparent in late-stage disease, either within or
along the rim of the mass (Batra et al. 2000;
Akhan and Pringot 2002).

2.3.2.3 Tuberculous Cholangitis

On US imaging, tuberculous cholangitis presents
as intrahepatic biliary dilatation, hilar lymph
nodal masses, intrinsic bile duct wall thickening,
and stricture. Gall bladder TB has hypoechoic
irregular wall thickening, shaggy echogenic
intraluminal septations, and regional hypoechoic
lymphadenopathy (Akhan and Pringot 2002;
Kakkar et al. 2015).

2.3.3 Computed Tomography

2.3.3.1 Miliary Lesions

Miliary tubercles are often too small and isodense
to be detected by computed tomography (CT)
and usually present as hepatosplenomegaly.
Sometimes, larger tubercles may be visible as
small, subcentimeter, hypodense (30-40 HU)
nodular or cystic focal lesions in the liver, show-
ing  minimal  peripheral enhancement.
Calcification in chronic disease is more easily
discernible as small nodular foci of calcification
(Fig. 1). Miliary TB may be suspected when on
abdominal CT, the lung bases show miliary nod-
ules; or a chest radiograph reveals features of
concurrent pulmonary TB (Alvarez 1998; Evans
et al. 2016). However, miliary metastases, lym-
phoma, and sarcoidosis still need to be included
in the differential diagnosis of tiny liver hypoden-
sities, and excluded definitively with biopsy.

2.3.3.2 Macronodular Lesions

The granulomatous and nodular forms of TB are
solid, hypodense, and heterogeneous (1445 HU)
lesions of varying sizes, with the larger nodular
forms presenting as single solid pseudotumors
(Gulati et al. 1999; Evans et al. 2016; Gupta et al.

Fig. 1 Calcification in hepatic tuberculosis. Axial
contrast-enhanced CT image shows chronic tuberculous
disease that is more discernible as small nodular foci of
calcification (dashed black arrow). There are enlarged
retropancreatic nodes (black arrows), thickened omentum
(white arrows), loculated perigastric peritoneal fluid
(white asterisk), and splenomegaly (black asterisk).
(Courtesy of Dr. Jansi Sekar, Naruvi Hospital, Vellore,
India)
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2019). Noncaseating granulomas are hypodense
and show minimal, non-specific peripheral rim
enhancement; while caseating granulomas show
necrosis, liquefaction, and calcification. In the
less common mode of infection, where bacilli
travel from the intestine into the liver via the por-
tomesenteric venous circulation, extrahepatic
and intrahepatic portal phlebitis may be visible in
the form of thickened, narrowed, and enhancing
portal venous walls that can progress to a portal
cavernoma (Fig. 2).

Individual and coalescing hepatic abscesses
surrounding portal radicles may give rise to the
characteristic “cluster sign.” “Honeycomb”
lesions are larger, multiseptated, peripherally
enhancing lesions with septal enhancement and

central necrosis. These appearances are non-
specific and more often associated with pyogenic
or cholangitic abscesses; but when combined
with enhancing peritoneal thickening, necrotic
lymph nodes and splenic hypodensities, the pos-
sibility of TB should be considered. The rim of
some lesions may be hyperdense due to granula-
tion tissue in the wall of necrotic collections, or
due to coexistent -calcification (calcificans
puncta). Dominant necrosis without obvious
peripheral enhancement can be misdiagnosed as
cysts. When necrotic and confined to the liver,
TB can closely mimic pyogenic abscess,
especially when complicated by rupture, perihe-
patic collections, and peritonitis. Tuberculous
granulomas can also exhibit washout which,

Fig.2 Periportal tuberculous lymphadenitis causing por-
tal cavernoma in a 46-year-old man with spinal tuberculo-
sis. (a and b) Axial contrast-enhanced CT images show a
right paraspinal abscess (white arrows) and periportal
nodal mass encasing a portal cavernoma (black arrow). (¢

and d) Axial contrast-enhanced CT images at 2 years fol-
low-up show resolution of the periportal nodal mass and
also resolution of the right paraspinal lesion (white arrow).
Portal cavernoma at the porta hepatis (black arrow) and in
the head of pancreas (black arrowhead) is still present
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when associated with portal vein thrombosis, can
mimic hepatocellular carcinoma (HCC) (Kakkar
et al. 2015).

2.3.3.3 Serohepatic Tuberculosis

In this characteristic but rare form of hepatobili-
ary TB, conglomerated subcapsular lesions over-
lie a thickened enhancing capsule and give rise to
a “sugar-coated” or “frosted liver” appearance
that is often associated with bulky necrotic gas-
trohepatic and retroperitoneal lymphadenopathy.
Scalloping of the liver and other solid organs,
previously thought to be pathognomonic of pseu-
domyxoma peritonei or peritoneal carcinomato-
sis, can also occur in TB (Jain et al. 2016; Gupta
et al. 2019) (Fig. 3).

2.3.3.4 Tuberculous Cholangitis

Tuberculous cholangitis can be primary or sec-
ondary due to compression by periportal nodes
and hepatic granulomas. Both intrahepatic and
extrahepatic bile ducts may be involved, with bile
duct thickening and strictures leading to obstruc-
tive biliopathy (Fig. 4), sometimes associated
with an ill-defined periportal mass. Extensive
periductal miliary calcifications are characteris-

Fig. 3 Serohepatic tuberculosis. Axial contrast-enhanced
CT image shows a large subcapsular hypodense collection
indenting and “scalloping” the left lobe of liver (white
arrows). There are bulky, necrotic, conglomerated gastro-
hepatic, and retroperitoneal lymphadenopathy extending
along the subcapsular plane (black arrows). (Courtesy of
Dr. Jansi Sekar, Naruvi Hospital, Vellore, India)

tic, when evident. Synchronous hypodense liver
granulomas, cholangitic abscesses, retroperito-
neal nodal masses, periportal granulomatous
infiltration, or splenic nodules may suggest
TB. Ductal TB presents as single or multiple bili-
ary strictures and focal dilatations, giving rise to
a “beaded” appearance that can mimic sclerosing
cholangitis; while parenchymal atrophy and hilar
masses can mimic cholangiocarcinoma (Gulati
et al. 1999; Evans et al. 2016; Gupta et al. 2019).

2.3.3.5 Gall Bladder Tuberculosis

Gall bladder TB is extremely rare, and has a non-
specific appearance that resembles the irregular
wall thickening and mass of gall bladder malig-
nancy. Multiple foci of necrosis or calcifications
and evidence of TB elsewhere may suggest the
diagnosis of gall bladder TB.

Types of gall bladder TB that have been
described are the micronodular/polypoid type,
thickened wall type, and mass-forming type.
The polypoid type is broad-based and < 1 cm
in size, as opposed to carcinoma >1 cm in size
and benign epithelial polyps that are narrow-
based. The most common thickened wall type
closely resembles cholecystitis and carcinoma
with varying appearances; being diffuse or
focal, uniform or irregular, with homogeneous
or heterogeneous enhancement. A “halo” of
edema has been described in gall bladder TB, a
feature not seen in carcinoma. The mass-form-
ing type is also similar to gall bladder carci-
noma, although foci of low-density necrosis
and flecked calcifications may be suggestive of
gall bladder TB. Low-density foci in a thick-
ened gall bladder wall associated with calculi
can also be due to xanthogranulomatous chole-
cystitis (Xu et al. 2011).

2.3.4 Magnetic Resonance Imaging

2.3.4.1 Miliary Lesions

Due to the wider availability and accuracy of
contrast-enhanced CT, magnetic resonance imag-
ing (MRI) is less commonly performed for hepa-
tobiliary TB. Disseminated and miliary TB
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Fig.4 Tuberculous stricture of the bile duct in a 40-year-
old man with hepatic tuberculosis confirmed on histol-
ogy. (a and b) Axial contrast-enhanced CT images taken
in the portal venous phase show dilated intrahepatic bili-
ary radicles (black arrow) and a dilated common bile duct
(white arrow). (¢) MRCP, (d) PTC, and (e) ERCP images

involving the liver and spleen most commonly
present with hepatosplenomegaly (Fig. 5) on
MRI, with a few visible tiny granulomas when
they are T2-hyperintense.

2.3.4.2 Macronodular Lesions

Unlike CT, where all lesions are hypodense
regardless of disease stage, MRI findings corre-
late well with the stage of TB. In the early stages,
granuloma with or without caseation/ liquefac-
tion necrosis appears TIl-hypointense and
T2-hyperintense; while the later fibrous stages
reveal both T1 and T2 signal hypointensity. On
contrast-enhanced MRI, there is peripheral and
internal enhancement resulting in “honeycomb”
lesions that are T2-hyperintense and surrounded
by a T2-hypointense rim (Evans et al. 2016;
Gupta et al. 2019).

prior to stent placement show a tightly obstructing mid
common bile duct stricture (dashed white arrows). (f)
Postprocedure radiograph following internal bile duct
stent placement shows satisfactory position of the inter-
nal bile duct stent

Fig. 5 Hepatosplenomegaly in disseminated tuberculo-
sis. Coronal T2-W MR image shows disseminated and
miliary tuberculosis presenting as hepatosplenomegaly.
Both kidneys are heterogeneously hyperintense with
irregular parenchymal thinning and asymmetrical hydro-
calycosis (black arrows). (Courtesy of Dr. Ashok Mithra,
Naruvi Hospital, Vellore, India)
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2.3.4.3 Tuberculous Cholangitis

Magnetic resonance cholangiopancreatography
(MRCP) accurately depicts biliary anatomy and
pathology non-invasively, while endoscopic
ultrasonography (EUS) and endoscopic retro-
grade cholangiopancreatography (ERCP) pro-
vide opportunities for tissue sampling and stent
placement. MRI and MRCP can demonstrate a
necrotic or nonnecrotic lymph nodal mass at the
hilum, smaller mildly-enhancing peribiliary
nodes, thickened enhancing bile duct wall, or
tight narrowing of the common bile duct (Fig. 4).
Focal biliary radical dilatation is well depicted on
MRCP.

2.3.4.4 Serohepatic Tuberculosis
Serohepatic TB presents as peripherally placed,
subcapsular lesions with thickening of the adja-
cent liver capsule and overlying peritoneum.
These lesions are Tl-hypointense and
T2-hyperintense, producing a “sugar-coated” or
“frosted liver” appearance (Jain et al. 2016;
Gupta et al. 2019).

2.3.5 OtherImaging Modalities

ERCP and EUS can complement findings of
cross-sectional ~ imaging in  hepatobiliary
TB. ERCP is useful for biliary analysis, brush
cytology, and stenting of dominant extrahepatic
biliary strictures (Fig. 4). On rare occasions, the
diagnosis of TB can be made by detecting acid-
fast bacilli (AFB) in bile samples or brush cytol-
ogy. EUS is helpful in obtaining needle biopsies
of lymph nodal masses or left lobe liver lesions,
and can guide biliary duct cannulation when
transpapillary cannulation proves technically
difficult.

The sclerosing cholangitis-like changes occa-
sionally encountered in tuberculous cholangitis
are best displayed on ERCP, given the inherent
high spatial resolution of conventional contrast
radiography. Intrahepatic and extrahepatic bile
duct irregularities, strictures, and dilatations have
been described; mimicking primary sclerosing
cholangitis in immunocompetent patients, and

HIV-cholangiopathy or atypical mycobacterial
cholangitis in those who are immunocompro-
mised (Karaosmanoglu et al. 2016).

The role of Fluorine-18-2’-Deoxy-2-fluoro-d-
glucose (['*F] FDG) positron-emission tomogra-
phy (PET)/CT is unclear but since granulomas
are ['*F] FDG-avid, there may be some benefit in
the evaluation of pyrexia of unknown origin,
determining disease extent in HIV-positive
patients, and evaluating response to anti-TB ther-
apy (Sathekge et al. 2013; Pai et al. 2016).

24 Differential Diagnosis

The miliary form of hepatic TB is identical to the
miliary form of other disseminated granuloma-
tous disease such as fungal infection and sarcoid-
osis. Characteristic appearances that include the
“sand-like” hypodensities of sarcoidosis and the
“wheel-within-wheel” US imaging appearance
of hepatosplenic candidiasis may help in differ-
entiating these entities, as well as calcification
and evidence of TB elsewhere.

The granulomatous nodular form of hepatic
TB can be mistaken for a pyogenic liver abscess,
while the portobiliary findings closely resemble
hilar cholangiocarcinoma. Serohepatic TB may
be misdiagnosed as pseudomyxoma peritonei or
peritoneal carcinomatosis because of scalloping
of the liver. Low-density visceral scalloping in
the setting of a low-density liver mass usually
indicates biliary cystadenoma or cystadenocarci-
noma but biliary stricturing is not the dominant
feature of these pathologies (Sharma et al. 2017).
Ascites, diffuse peritoneal thickening and
enhancement, necrotic or matted lymph nodes,
splenic and bowel involvement, particularly in
the clinical setting of a young patient with a long
history, may raise the possibility of abdominal
TB. In the vast majority, malignancy remains the
most common and important differential diagno-
sis, with biopsy and histopathological examina-
tion the only final arbiter for a definitive
diagnosis.
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CT is more sensitive than US imaging in the
diagnosis of hepatobiliary TB but neither modal-
ity is very specific. The diagnosis of malignancy,
other inflammatory and infective etiologies such
as fungal abscess, sarcoidosis, and sclerosing
cholangitis must be considered and excluded
though biopsy or bile fluid sampling for AFB
(Evans et al. 2016). Tuberculous granulomas at
an early or medium stage, and fibro-proliferous
lesions, all appear hypodense on CT but on
T2-weighted MRI, have various signal intensi-

ties that can be an advantage when diagnosing
hepatic TB. However, MRI is of limited value in
detecting calcification, although large calcific
lesions may appear T2-hypointense (Fig. 6).
Contrast-enhanced MRI shows minimally
enhancing, non-specific honeycomb lesions. In
endemic countries and in the right clinical set-
ting, calcification and concurrent involvement
of extrahepatic sites may suggest the diagnosis
of TB, even when liver imaging is non-specific
(Joshi et al. 2014).

Fig. 6 Tuberculous lymphadenitis. (a) Axial unenhanced
CT, (b) coronal T2-W MR, and (c¢) axial contrast-enhanced
CT images show small and large centrally (black arrows)
and peripherally (white arrows) calcified nodes in the
coeliac, splenic, and lesser curve nodal regions. The large

node along the lesser curve in the gastrohepatic ligament
(dashed white arrow) is T2-hypointense on MRIL
(Courtesy of Dr. Ashok Mithra, Naruvi Hospital, Vellore,
India)
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3 Pancreatic Tuberculosis
3.1 Clinical Features

Pancreatic TB is extremely uncommon, with an
incidence of only 2-5% of autopsies of patients
with miliary TB. However, the incidence is rising,
especially in developing countries, due to the
increasing number of immunocompromised
patients. Patients with pancreatic TB usually pres-
ent in the fourth decade with abdominal pain
(81%), weight loss (55%), fever (36%), vomiting
(19%), or jaundice (17%). Fever and an abnormal
chest radiograph should raise the possibility of
TB, with abnormal chest radiographs being
reported in up to 50% of patients with pancreatic
TB. Pancreatic TB can develop from direct exten-
sion, lympho-hematogenous dissemination or
reactivation of previous abdominal TB. In patients
with HIV infection or those with miliary TB, US
imaging may demonstrate a bulky heterogeneous
pancreas with multiple small hypoechoic (90%)
or isoechoic (10%) lesions, sometimes with fine
intralesional echoes (Woodfield et al. 2004; Nagar
et al. 2009; Sharma et al. 2016).

3.2 Imaging

CT shows hypodense pancreatic masses associ-
ated with peripancreatic lymphadenopathy

Fig. 7 Pancreatic tuberculosis in a 48-year-old immuno-
compromised man with disseminated tuberculosis that
was confirmed on cytology. (a and b) Axial contrast-
enhanced CT images show enlarged hypodense periportal
portocaval nodes (black arrow). There is contiguous

(75%) (Fig. 7) that can form a confluent, con-
tiguous, complex, lobulated, mixed solid, and
cystic pancreatic mass. The head and body of the
pancreas are the most common sites, with mul-
tiple lesions found in 30% of patients. Cystic
masses can, in fact, be mistaken for macrocystic
mucinous cystic neoplasms. Smaller lesions
(<3 cm) are more likely to be homogeneous,
while larger lesions are heterogeneous. On
dynamic contrast-enhanced CT, initial mild
enhancement can progress to delayed, intense
enhancement of the cyst wall or solid compo-
nent. Calcification, biliary dilatation, and main
pancreatic duct (MPD) dilatation are uncom-
mon; while ascites (40%) and involvement of the
liver, spleen, and ileocecal region are more com-
mon (15%). Necrotic peripancreatic nodes and
adjacent vascular involvement can also occur
(Nagar et al. 2009).

MRI shows TI-hypointense or isointense
focal lesions that are heterogeneous on
T2-weighted images. On contrast-enhanced
fat-suppressed T1-weighted MRI, there is periph-
eral enhancement around foci of central necrosis.
A diffuse enlargement of the pancreas with
T2-hyperintense signal has also been described.
On MRCP, biliary or MPD dilation is rarely iden-
tified (9%). ERCP is rarely necessary but EUS
provides visualization of mediastinal lymphade-
nopathy and periduodenal adenopathy that may
be amenable to EUS-guided biopsy.

Y

involvement of the pancreas as fluid-density foci in the
neck of pancreas, indenting the splenoportal confluence
(white arrow). Tuberculous granuloma is seen in the
spleen (black arrowhead)

\‘.\
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33 Differential Diagnosis

The differential diagnosis includes carcinoma,
cystic neoplasms, walled-off necrosis, and
abscess. Vascular involvement in the form of con-
tiguous portal thrombophlebitis can occur in pan-
creatic or peripancreatic TB, and is therefore not
useful in differentiation from pancreatic carci-
noma (Joshi et al. 2014).

4 Splenic Tuberculosis

4.1 Clinical Features
Splenic TB is rare and occurs in 5-8% of patients
with TB, being more common in those with HIV
infection. Patients present with fever (82%),
weight loss (44%), and splenomegaly (13—100%).
Types of splenic TB include the miliary pattern,
multiple nodular granulomas, and a solitary mass.
Mass-forming tuberculomas and splenic calcifi-
cations are seen in the later phase of the disease.
Miliary TB occurs more often in immunocom-
promised patients, with the spleen being the third
most common organ infected (75%), after the
lung (100%) and liver (82%,). The spleen is more
commonly involved than the lymph nodes (55%)
and bone marrow (41%) (Chablou et al. 2021).
The spleen is enlarged by multiple varying-sized
tiny nodules scattered throughout the parenchyma,
with some nodules coalescing into microab-
scesses. Isolated primary involvement in immu-
nocompetent patients is extremely rare. Splenic
TB is often misdiagnosed on imaging as metasta-
sis, lymphoma, hemangioma, sarcoidosis, or
splenic abscess, and hence requires histopatho-
logical diagnosis (Lin et al. 2016).

4.2 Imaging

4.2.1 Ultrasound Imaging

Splenic lesions are first detected on US imaging,
although this modality is limited in lesion charac-
terization, displaying most pathologies as non-
specific hypoechoic nodules. Micronodular
forms of splenic TB are seen in association with

miliary TB and demonstrate a diffusely hyper-
echoic “bright spleen.” Larger lesions are often
multiple and hypoechoic, with some lesions
showing a hyperechoic rim, calcification, and
internal debris. Single lesions, when present
(15%), are hypoechoic and heterogeneous, and
contain calcification. In early stages of the dis-
ease, the mass can be hyperechoic and with pro-
gressive liquefaction, develop into a “honeycomb”
lesion. US imaging, with its inherent high con-
trast resolution, may occasionally display splenic
lesions more obviously than other modalities. US
imaging can also provide real-time guidance of
percutaneous aspiration done to confirm TB.

4.2.2 Computed Tomography

The miliary pattern consists of innumerable sub-
centimeter hypodense microabscesses, often too
small to be perceptible, producing a non-specific,
heterogeneous, enlarged spleen. A few lesions
may coalesce to form a heterogeneous hypodense
mass (35-45 HU) with moderate rim enhance-
ment and a nonenhancing central portion
(Fig. 8). Dense nodular calcification and multiple
calcified lesions in the spleen suggest healed
prior TB. Splenic infarcts secondary to endarteri-
tis can also occur. The combination of splenic
infarcts, splenic hypodensities, rim-enhancing
lesions, and calcifications should raise the possi-
bility of splenic TB (Fig. 9).

Fig. 8 Splenic tuberculosis in a 23-year-old woman with
fever and loss of weight. Axial contrast-enhanced CT
image shows splenomegaly with multiple hypodense
lesions (white arrow)
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Fig. 9 Pulmonary and extrapulmonary tuberculosis.
(a—e) Contrast-enhanced CT images show retropancreatic
nodes that are (a) enlarged with punctate calcifications
(white arrows). In the spleen, there is (a) an infarct (black
arrow), (b) punctate calcifications (white arrowhead), and
(¢) irregular, hypodense nodules (black arrowhead). The

4.2.3 Magnetic Resonance Imaging

MRI is more helpful for lesion characterization
with higher soft tissue contrast resolution and
capacity for tissue characterization; often serving
as the arbiter when US imaging and CT are
equivocal or when malignancy cannot be
excluded. The use of diffusion-weighted imaging
(DW]) is limited, because the normal spleen
physiologically restricts diffusion, and because
both splenic abscesses and malignancy also
restrict diffusion. Focal splenic tuberculous
lesions are of variable signal intensities and
enhancement patterns. This spectrum of variable
imaging findings represents different phases of
disease progression with signal intensities depen-
dent on the extent of fibrosis, granuloma forma-
tion, caseation, and liquefaction necrosis.

On T1-weighted images, tuberculomas in the
spleen appear as hypointense nodules with a rela-
tively less hypointense rim. On T2-weighted
images, they appear as nodules with a hyperin-

lungs show (d) a small thick-walled right apical cavity
(dashed white arrow) and (e) “tree-in-bud” bronchiolitis
(double white arrow). (c¢) A left psoas muscle collection
(dashed black arrow) is also present. (Courtesy of Dr.
Jansi Sekar, Naruvi Hospital, Vellore, India)

tense central area, also surrounded by a less
intense rim; this appearance correlates with a
caseating granuloma, having a semiliquid center
and peripheral reactive fibrosis. Nodules with
extensive central liquefaction necrosis, and mini-
mal peripheral granuloma and fibrosis, appear as
hyperintense lesions without rim hypointensity
on T2-weighted images. The sensitivity for
detecting granulomas is higher on MRI than on
CT. Larger masses with heterogeneous signal
intensity show heterogeneous enhancement on
contrast-enhanced T1-weighted images (Joshi
et al. 2014).

Contrast-enhanced imaging of the spleen on
both CT and MRI has pitfalls due to the unique
splenic blood flow pattern. The “zebra pattern,”
pseudonodular hypodense and pseudoinfiltrative
hypodense lesions seen in the early arterial phase
mimic pathology that disappear in the late venous
phase, resulting in complete homogenization of
the organ.
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4.3 Differential Diagnosis

The imaging features of miliary TB involving the
spleen are non-specific and include a wide dif-
ferential diagnosis of inflammatory, infective,
and neoplastic diseases (Table 2). The presence

Table 2 Differential diagnosis of splenic tuberculosis

Miliary type
Sarcoidosis

Histoplasmosis

Brucellosis
Berylliosis
Hodgkin disease
Parasitic diseases

Metastatic carcinoma
Nodular granuloma
Lymphoma
Metastases

Primary splenic tumors, e.g., angiosarcoma

of pulmonary and extrapulmonary TB, along
with splenic calcification, enlarged lymph nodes
and soft tissue collections are the best discrimi-
nators among these entities (Fig. 9). Lymphoma
and nodular tuberculomas of the spleen have
similar clinical and imaging presentations, espe-
cially when associated with enlarged periportal,
omental, and mesenteric lymph nodes. Other
similar nodular appearances are seen in splenic
metastases and primary aggressive splenic tumors
such as the angiosarcoma; however, these are
rarely encountered. Peripheral target-like
enhancement favors metastases. Although splenic
infections have largely non-specific appearances,
a few characteristic findings listed in Table 3 can
be useful as discriminators. The definitive diag-
nosis, however, can be made only on histopatho-
logical examination of tissue obtained by
percutaneous image-guided aspiration, biopsy, or
splenectomy.

Table 3 Characteristic imaging features of various splenic infections (Ref: Karaosmanoglu et al. 2021)

Infectious disease

Imaging characteristics

Pyogenic abscess Air

Restricted diffusion on MRI

Brucellosis

Splenic infarcts

Calcifications: snowflake, concentric lamellated patterns

Mycobacterium avium-intracellulare complex

T2-hypointense signal on MRI

Progressive peripheral enhancement

Melioidosis

Hypointense signal on T2-W, T1 in-phase MRI, DWI

Multiloculated lesions

Malaria

Perisplenic extension

Splenic rupture

Splenic infarction

Massive splenomegaly

Infarction

Rupture

Chronic: “onion skin” from healed, recurrent bleeds

Echinococcosis

Cyst-within-cyst “cartwheel” sign

Water-lily sign

Laminated wall

Pericyst T2-hypointense signal on MRI

Candidiasis

Wheel-within-wheel

T2-hypointense signal on MRI

Delayed contrast media retention

Calcifications

Pneumocystis

T2-hypointense signal

Annular calcifications
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5 Peritoneal Tuberculosis
5.1 Pathophysiology
and Classification

Peritoneal TB is a relatively common form of
abdominal TB that involves the peritoneal lining,
mesentery, and omentum. Although 38% of
patients will have an abnormal chest radiograph,
active pulmonary TB is present in only 15% of
patients. Patients with cirrhosis, HIV infection,
or chronic renal failure on continuous ambulatory
peritoneal dialysis are at increased risk for perito-
neal TB. Mechanisms of pathogenesis of tuber-
culous peritonitis include reactivation of latent
foci of peritoneal infection, rupture of caseous
abdominal lymph nodes, blood-borne spread
from active pulmonary disease, and direct con-
tiguous spread from the fallopian tube, bowel or
psoas abscess. Ingested or blood-borne
tuberculous bacilli infect the mucosa, form sub-
mucosal tubercles, undergo caseous necrosis,
ulcerate the overlying mucosa, and spread trans-
murally into adjacent lymph nodes and
peritoneum.

There are four types of peritoneal TB. The
wet-ascitic type (90%) presents as free or locu-
lated ascites containing strands of fine adhesions
and floating membranes. The dry-plastic type
(3%) primarily involves the mesentery demon-
strating thickening, caseous nodules, lymph node
enlargement, and bowel adhesions. The fixed-
fibrotic type (7%) primarily involves the omen-
tum and is associated with matted bowel loops,
small-volume ascites, and sometimes a clinically
palpable mass. Most often, these forms overlap
each other and differentiation among them is
clinically irrelevant.

The “abdominal cocoon,” or sclerosing encap-
sulating peritonitis, is considered a distinct fourth
form. Arising secondary to peritoneal TB, the
tuberculous abdominal cocoon is composed of
diffuse, thickened, enhancing bowel encapsu-
lated by thickened, enhancing peritoneum. This
differs from the primary or congenital cocoon,
where localized malfixation of the peritoneum
results in an internal hernia of small bowel prone
to closed loop obstruction. In congenital cocoon,

the hernial sac is thin walled and the bowel within
is normal in thickness (Fig. 10). Tuberculous
ascites may be free or loculated, and is present in
30-100% of patients with tuberculous peritonitis
(Sanai and Bzeizi 2005).

5.2 Clinical Features

Patients with peritoneal TB can present with
fever, abdominal pain, anorexia, weight loss,
malaise, abdominal tenderness, a “doughy”
abdomen and ascites. Ascites from peritoneal
TB is exudative and can mimic peritoneal carci-
nomatosis. Clinical presentation and fluid anal-
ysis often cannot distinguish TB from
carcinoma, with yield from fluid AFB being
variable (Debi et al. 2014). Given the low sensi-
tivity of other non-invasive methods such as
ascitic fluid AFB stain and culture (4-8%),
biopsy is the best option at laparoscopy.
However, US-guided localization of a peritoneal
nodule for core biopsy is possible, when suffi-
cient ascites outlines an anteriorly located nod-
ule on high frequency scanning. Extensive
adhesions demonstrated on imaging should be
anticipated, when performing laparoscopy or
surgery (Demir et al. 2001).

5.3 Imaging

5.3.1 USimaging

US imaging typically shows fixed membranes,
septa and debris (17%), floating debris (13%),
mobile strands or membranes (9%), and fixed
septa (9%), with a moderate or large amount of
ascites with clear or complex fluid (83%). US
imaging also shows an omental “cake” (26%),
thickened mesentery with adherent small bowel
loops (22%), splenomegaly (20%), pleural effu-
sion (17%), lymphadenopathy (13%), and thick-
ening of the ileal wall (7%). Free floating debris,
fine echo exudates, and mobile septae are not eas-
ily visible on CT. Chylous ascites, though rarely
present, demonstrates a fat-fluid level, with the
echogenic supernatant that is more echogenic
than the sediment layer. Peritoneal thickening is
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Fig. 10 Abdominal cocoon: comparison of secondary
versus primary types. (a) Cocoon secondary to peritoneal
tuberculosis. Axial contrast-enhanced CT image shows
encapsulation of thickened enhancing small bowel (black
arrows) and locules of fluid (black asterisks) by thickened
enhancing peritoneum (dashed white arrow). (b)
Congenital cocoon/internal hernia causing closed loop
obstruction due to small bowel malrotation. Coronal

present in 14-100%, more evident when
highlighted by surrounding ascites. Smooth, dif-
fuse, regular, hypoechoic 2—6 mm thickening, or
irregular peritoneal thickening with nodules
<5 mm can be found. Omental abnormality is
observed in 14-55% of patients on US imaging
and 36-82% on CT. The omentum may have a
“smudged,” “dirty”” or much less often, a “caked”
appearance (Fig. 11). Nodular omentum is not a
feature of TB. The mesentery is thickened
>15 mm, echogenic and nodular. Enlarged lymph
nodes and sometimes caseous, centrally echo-
genic nodules may be apparent within or adjacent
to the mesentery (Lee et al. 1991).

5.3.2 Computed Tomography

On CT, ascites has high density (20—45 HU) due
to the high protein and cellular content. When a
chylous fat-fluid level is present, it is clearly
demonstrated on CT and the rare combination
of  chylous ascites with  abdominal

contrast-enhanced CT image shows encapsulation of nor-
mal thickness small bowel by a thin sac in the right side of
the abdomen (black arrowheads). There is “beaking”
(white arrowhead) of the afferent jejunal loop obstructed
at the mouth of the cocoon. Dilated and obstructed jejunal
loops in the lower half of the sac (white asterisks) and col-
lapsed loops in the upper half of the sac are present

Fig. 11 Peritoneal tuberculosis. US image shows chalky
thickening of greater omentum, seen as an “omental cake”

(white arrow). Tuberculosis was confirmed on

histopathology
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Fig. 12 Peritoneal tuberculosis. (a and b) Axial contrast-
enhanced CT images show diffuse peritoneal (white
arrowhead), omental (black arrows), and mesenteric

(dashed white arrows) thickening, nodularity and
enhancement. (Courtesy of Dr. Jansi Sekar, Naruvi
Hospital, Vellore, India)

Fig. 13 Peritoneal tuberculosis in a 35-year-old man
with anorexia and weight loss for 6 months. (a and b)
Axial contrast-enhanced CT images show a right pleural

lymphadenopathy is pathognomonic of TB
(Prasad and Patankar 1999). On CT, peritoneal
thickening, nodularity, and enhancement are
seen (Fig. 12), along with mesenteric hypervas-
cularity, patchy or diffuse hyperdensity
(Fig. 13). Clumped and matted bowel, together
with thickened adhesive mesentery, can cause
closed loop obstruction. Interloop abscess, locu-
lations of ascites, and peritoneal and mesenteric
nodal calcification (Fig. 14) can occur, along
with calcifications in the wall of encysted asci-
tes. Fixed loops of bowel and mesentery can
stand out as spokes of a wheel radiating from
the mesenteric root, giving rise to the “stellate
sign.” In advanced disease, the peritoneal layers

effusion (white arrow). There is mesenteric nodularity and
thickening (dashed white arrow) and diffuse small bowel
wall thickening due to serosal involvement

Fig. 14 Calcifications in peritoneal tuberculosis. Axial
unenhanced CT image shows multiple punctate calcifica-
tions (white arrows) within conglomerate peritoneal
nodes, medial to the descending colon. (Courtesy of Dr.
Ashok Mithra, Naruvi Hospital, Vellore, India)
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Fig. 15 Disseminated tuberculosis of the abdomen in a
31-year-old woman presenting with low-grade fever and
abdominal pain for 2 weeks. She also has diabetes melli-
tus. (a and ¢) Axial and (b) coronal contrast-enhanced CT
images show (a) clumping of small bowel with mesenteric

can lose their definition and form an abdominal
cocoon. An enhancing mantle of thickened peri-
toneum envelops thickened and matted small
bowel, forming the cocoon. Abdominal cocoon
secondary to TB differs from the idiopathic or
primary cocoon that resembles an internal her-
nia, with a smaller clump of bowel encased by a
thin, smooth membranous sac that may be asso-
ciated with small bowel malrotation (Rastogi
2008; Sharma et al. 2013) (Figs. 11 and 15).

5.3.3 Magnetic Resonance Imaging

On MRI, thickened enhancing peritoneum that is
T2-iso- or hyperintense can be seen, although
peritoneal and mesenteric nodes are not well
delineated due to poor spatial resolution.
Conversely, mildly-enhancing, thick and thin
septae within the loculated fluid on T2-weighted
images are not always evident on CT. Thickened

thickening (white arrow) forming a cocoon and causing
bowel obstruction, with (b) dilated proximal small bowel
(dashed white arrow). There is a (b) left psoas abscess
(white arrow) and (¢) right tubo-ovarian mass (white
arrow)

omentum shows heterogeneously hyperintense
T2 signal (Joshi et al. 2014).

54 Differential Diagnosis

The differential diagnosis of peritoneal TB
includes disseminated peritoneal carcinomatosis,
ovarian carcinoma, peritoneal mesothelioma, and
nontuberculous peritonitis. Differentiating peri-
toneal TB from carcinomatosis is difficult given
the considerable overlap in findings, with no sin-
gle distinctive finding favoring one or the other
diagnosis. However, the combination of distinc-
tive findings can lead to a specific diagnosis.
Mesenteric macronodules (>5 mm) are found
more frequently in TB (52%), while the omen-
tum is more irregularly infiltrated in peritoneal
carcinomatosis. A thin omental line covering the



242

S. Govil etal.

Fig. 16 Peritoneal tuberculosis in a 22-year-old woman
with abdominal distension for 6 months. (a and b) Axial
contrast-enhanced CT images show (a) ascites with peri-
toneal nodules (white arrow) and (b) diffuse thickening

infiltrated omentum and peritoneal or extraperi-
toneal masses with a low-density center (43%)
favors TB, as also splenomegaly and calcification
(14%) (Ha et al. 1996).

Significant ovarian capsular change and
greater ovarian parenchymal attenuation are also
useful findings in differentiating between perito-
neal TB and peritoneal carcinomatosis with
normal-sized cancer of the ovary (Shim et al.
2017) (Fig. 16). Occasionally, peritoneal thicken-
ing, enhancement, and nodularity can occur sec-
ondary to a bile leak or urinary leak and unless
there is a clinical suspicion, the peritoneal abnor-
malities may be mistaken for TB or carcinomato-
sis. On CT, finding fluid around the bile duct, gall
bladder, kidneys, ureters, or bladder or identify-
ing a hematoma or a tongue of omentum adherent
to the dome of bladder or fundus of gall bladder,
can suggest a leak as the cause of peritonitis
(Titton et al. 2003).

6 Tuberculous Abdominal
Lymphadenopathy
6.1 Pathophysiology

and Classification

Tuberculous infection and inflammation of the
lymph nodes, also called tuberculous lymphade-
nitis, are the most common presentation of

and enhancement of the pelvic peritoneum (white arrow)
with enlarged and enhancing adnexal masses (dashed
white arrows)

abdominal TB, being present in 55—-66% of cases.
Approximately 5.7-17.2% of patients with
peripheral tuberculous lymphadenopathy also
have involvement of abdominal lymph nodes
(Leder and Low 1995). Tuberculous lymphadeni-
tis occurs more commonly in females and immi-
grants from endemic countries, with an age range
of 30-40 years old (Salvador et al. 2015).

There are three major routes of infection,
namely oral ingestion, blood-borne infection, and
direct spread from contiguous infection. The oral
route is most common and happens after the
ingestion of sputum or milk infected with tuber-
culous bacilli. Bacilli are carried by intestinal
lymphatics from a lesion in the intestinal submu-
cosa into lymph nodes that drain that segment of
bowel, usually the ileocecum, jejunum, ileum,
and right side of colon, into peripancreatic and
superior mesenteric lymph nodes (L1 vertebral
level), but rarely from the left colon into the infe-
rior mesenteric nodes (L3 vertebral level) or the
lower para-aortic lymph nodes. Duodenal TB
drains into the periduodenal nodes, lesser omen-
tal or hepatoduodenal ligament nodes, and the
peripancreatic nodes. The lymphatic drainage
from the bowel explains why lower para-aortic
lymph node involvement is uncommon in the
nondisseminated form of intra-abdominal TB
lymphadenitis. The blood-borne route brings
bacilli from a distant site, usually the lungs, to the
blood and entire abdominal lymphatic system;
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and therefore involves all groups of intra-
abdominal nodes, including the lower para-aortic
lymph nodes.

The direct route is from adjacent infected glands
or structures such as the reproductive organs that
drain into the para-aortic and anterior pararenal
nodes. Therefore, para-aortic and paracaval node
involvement occurs in disseminated TB or direct
spread from reproductive organs. 80% of nondis-
seminated or localized TB drains into the mesen-
teric, lesser omental, anterior pararenal, and upper
para-aortic lymph nodes; while only 20% of dis-
seminated TB involve the lower para-aortic lymph
nodes. Rarely, isolated periportal lymphadenopa-
thy can be the only sign of TB, and while TB
involves the mesenteric root and the periportal
nodes in isolation, para-aortic or paracaval lymph
node involvement does not happen in isolation, as
it does in lymphoma.

Tuberculous  lymphadenitis ~ progresses
through different stages which can be reflected
on CT. The first stage of lymphoid proliferation is
marked by lymph node enlargement with homo-
geneous enhancement. With disease progression,
the central part of the lymph node undergoes
caseous necrosis, resulting in a centrally nonen-
hancing node with peripheral capsular rim
enhancement. Capsular degeneration results in
perinodal cloudiness and fat stranding, and fusion
of adjacent lymph nodes which appear as a mul-
tilocular enhancement and “matting.” In the final
stage, after treatment or healing, the lymph nodes
undergo fibrosis, and calcifications can be seen.
Caseation or liquefactive necrosis in the center of
the enlarged lymph nodes show a 28-84 HU low
attenuation related to the insufficient blood sup-
ply, while the peripheral inflammatory lymphatic
tissue shows a higher attenuation reflecting the
preserved blood supply (Fig. 17).

Infected lymph nodes are usually never larger
than 4 cm, with a mean size of 2 cm, in line with
self-limiting growth. Even when large conglom-
erate masses are formed, tuberculous lymphade-
nitis does not produce significant ureteric or
bowel obstruction, but can cause biliary obstruc-
tion because of periductal inflammation and mass
effect. Tuberculous lymph nodes can cause portal
or splenic vein thrombophlebitis, extrahepatic

Fig. 17 Tuberculous lymphadenitis. Axial contrast-
enhanced CT image shows multiple confluent enlarged
mesenteric lymph nodes (black arrows) with associated
perinodal fat stranding and cloudiness (dashed black
arrow). Caseation in the center of the enlarged lymph
nodes shows low density (dashed white arrow) due to
insufficient blood supply, while peripheral inflammatory
lymphatic tissue shows higher density due to preserved
blood supply and enhancement (white arrow)

portal vein obstruction, and cavernoma formation
(Fig. 2). Calcification and scarring may be a
dominant feature (Fig. 6) (Pereira et al. 2005).

6.2 Clinical Features

The clinical presentation of abdominal tubercu-
lous lymphadenitis comprises malaise, low-
grade fever, weight loss, abdominal pain, and
diarrhea related to small bowel involvement. In
addition, symptoms based on the site of lymph-
adenopathy can cause localized pain and tender-
ness that mimics appendicitis, diverticulitis, or
cholecystitis. Necrotic nodes, capsular disrup-
tion, and ensuing perinodal inflammation can be
extensive and lead to bile duct obstruction, por-
tal vein thrombosis and portal hypertension, fis-
tula formation, duodenal stricture, and stenosis.
Rarely, aortitis and renal arteritis secondary to
ruptured caseating periaortic nodes lead to reno-
vascular hypertension. In a review of 21 cases of
mesenteric TB reported in the literature, all
patients were females with a mean age of
43 years (range 23-69 years). Abdominal disten-
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sion was the most common presenting feature
(57%), while 52% of patients presented with
abdominal pain. Fever was present in 19% of
individuals, while dyspnea was present in 9%
(Mehmood et al. 2019).

6.3 Imaging

6.3.1 Abdominal Node Size

and Stations

The threshold size for lymph node enlargement
depends on node location. Intra-abdominal
lymphadenopathy should be diagnosed only
when the nodal measurement exceeds the thresh-
old size for that specific location. In countries
with a high TB prevalence, wrongly diagnosed
intra-abdominal lymphadenopathy will inevita-
bly lead to a diagnosis of abdominal TB and
ensuing clinical missteps ranging from biopsy,
laparoscopy, and open surgery to empirical anti-
TB therapy. Table 4 lists the threshold short-axis
sizes for the main intra-abdominal nodal loca-
tions (Dorfman et al. 1991).

In the setting of intra-abdominal TB lymphad-
enitis, where CT will be the likely modality
employed for treatment follow-up, the use of
standard terminology when describing the loca-
tion of enlarged lymph nodes is equally impor-
tant. As TB often involves the peripancreatic
region, a description of “enlarged peripancreatic
nodes” actually covers many nodal stations, and a

in cases likely to undergo follow-up imaging.
Abdominal nodal station nomenclature is based
on the accompanying vessel, as is given in Table 5
(Moron and Szklaruk 2007).

6.3.2 Ultrasound Imaging

The relative insensitivity of US imaging in the
detection of enlarged intra-abdominal nodes has
long been known, with CT outperforming US
imaging in the detection of enlarged para-aortic
and iliac lymph nodes by a 29-33% increased
sensitivity (Munker et al. 1995). Despite this rel-
atively low sensitivity, the safe, portable, inex-
pensive, and non-invasive nature of US imaging
is a distinct advantage in resource-limited set-
tings where CT and MRI are not widely avail-
able. US imaging is increasing in accessibility,
particularly with the growing practice of point-
of-care ultrasonography (POCUS). In the last
few decades, the overlap of the HIV and TB epi-
demics in sub-Saharan Africa has contributed to
an increase in abdominal TB; this has created a
challenge in this resource-limited setting to dif-

Table 5 Nomenclature for abdominal lymph node sta-
tions (Ref: Mor6n and Szklaruk 2007)

Station | Nodes

1 Right cardia lymph nodes

2 Left cardia lymph nodes

3 Lymph nodes along the lesser curvature

4 Lymph nodes along the greater curvature
4sa Lymph nodes along the short gastric vessels

lack of specific location can lead to confusion ~4sP_ | Lymph nodes along the left gastrocpiploic vessels
when comparing node sizes from prior reports. ad Lymplh nodes along the right gastroepiploic
Therefore, it would be prudent to describe lymph ;esse : lori F lvmph nod )
uprapyloric group of lymph nodes or nodes
node location using nodal station nomenclature along the right gastric artery
6 Infrapyloric groups of lymph nodes
) o Lymph nodes along the left gastric artery
Table 4. Apdommal lymph nodﬁ:s: upper limit of normal Lymph nodes along the common hepatic
short-axis sizes by location (Ref: Dorfman et al. 1991) artery
Location Size 9 Lymph nodes around the celiac artery
Retrocrural space 6 mm 10 Lymph nodes at the splenic hilum
Paracardiac 8 mm 11 Lymph nodes along the splenic artery
Gastrohepatic ligament 8 mm 12 Lymph nodes in the hepatoduodenal ligament
Celiac axis to renal artery 9 mm 13 Lymph nodes behind the pancreatic head
Renal artery to aortic bifurcation 11 mm 14 Lymph nodes at the root of the mesentery or
Portacaval space 10 mm the superior mesenteric artery
Porta hepatis 7 mm 15 Lymph nodes along the middle colic artery
Mesenteric 5 mm 16 Para-aortic group of lymph nodes
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ferentiate between HIV-related opportunistic
infection or neoplasm and the onset of abdominal
TB. In sub-Saharan countries, POCUS and
focused assessment with sonography for HIV-
associated TB (FASH) are increasingly used to
diagnose abdominal TB (Heller et al. 2010).
76% of patients with culture-positive TB dem-
onstrate at least one or more of three features,
namely long-axis lymph node length > 10 mm,
splenic hypoechoic lesions, and abdominal/pleu-
ral/pericardial effusions (Griesel et al. 2019). In a
study done in India evaluating POCUS in abdom-
inal TB, a positive FASH in the form of abdomi-
nal lymphadenopathy and splenic microabscesses
was strongly associated with a diagnosis of TB
(Weber et al. 2018). Ascites, lymphadenopathy,
and mesenteric thickening are the main findings
in abdominal TB. Lymph nodes, when necrotic,
can appear nearly cystic and even demonstrate
posterior acoustic enhancement, providing a tar-
get for US-guided fine-needle aspiration cytology
(FNAC) (Ghazinoor et al. 2004). On US imaging,
the caseous center of the enlarged lymph node

may also appear hyperechoic and heterogeneous
(Dorfman et al. 1991; Morén and Szklaruk 2007);
while on CT, the central part of the enlarged node
is hypodense (<30 HU) (Fig. 18) or sometimes
isodense to skeletal muscle (35 HU).

6.3.3 Computed Tomography

The types of contrast-enhanced CT patterns in

abdominal TB lymphadenitis (Pombo et al. 1998)

are as follows:

(a) Peripheral rim enhancement with hypodense
center

(b) Inhomogeneous enhancement

(c) Homogeneous enhancement

(d) Nonenhancing lymph nodes

(e) Conglomerate lymph node masses with
areas of necrosis secondary to perinodal
inflammation

(f) Increased number (>3 in one CT section) of
normal-sized or mildly enlarged mesenteric
nodes of homogeneous density

(g) Calcified lymph nodes

Fig. 18 Disseminated tuberculous lymphadenitis. (a and
b) Axial contrast-enhanced CT images show enlarged
peripherally enhancing centrally hypodense lymph nodes
in the lesser omentum (white arrow) and subcarinal
regions (white arrowhead). There is destruction of the ver-

tebral body (dashed black arrow) with a right paraspinal
abscess (dashed white arrow) and a right pleural effusion
(black arrow). (Courtesy of Dr. Jansi Sekar, Naruvi
Hospital, Vellore, India)
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Fig. 19 Necrotic tuberculous lymphadenitis in a 19-year-
old girl with fever, loss of weight, and appetite. (a and b)
Axial contrast-enhanced CT images show multiple
enlarged, hypodense, necrotic abdominal nodes in the

Fig. 20 Tuberculous lymphadenitis. Coronal (a) T2-W
SSFE and (b) FIESTA MR images show conglomerated,
matted T2-hyperintense nodes (white arrows) with peri-

Peripheral enhancement, with or without cen-
tral low attenuation (Fig. 17), is the most com-
mon form of lymphadenopathy that is highly
suggestive of TB, but cannot be reliably differen-
tiated from testicular cancer metastases, squa-
mous cell cancer metastases, treated lymphoma,
Crohn disease, or Whipple disease. The other less
common patterns are heterogeneous enhance-
ment, homogeneous enhancement, and nonen-
hanced low-density lymph nodes (Fig. 19), most

portocaval, mesenteric, and para-aortic regions. Note the
necrotic left para-aortic nodes (white arrow) and matted,
necrotic and calcified mesenteric nodes (dashed white
arrow)

nodal T2-hyperintensity (black arrows) and central
T2-hypointensity (dashed white arrow). (Courtesy of Dr.
Ashok Mithra, Naruvi Hospital, Vellore, India)

often  encountered in  patients with
AIDS. Indicators of a tuberculous etiology
include conglomerate or matted lymph node
masses with foci of necrosis and perinodal
inflammation, increased number (>3 in one CT
section) of normal-sized or mildly enlarged,
homogeneous or calcified mesenteric nodes.
Calcified lymph nodes can be also found in meta-
static testicular tumors and non-Hodgkin lym-
phoma after treatment (Joshi et al. 2014).
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6.3.4 Magnetic Resonance Imaging
Tuberculous nodes are T2-hyperintense from lig-
uefactive necrosis and show  perinodal
T2-hyperintensity due to capsular disruption,
with a central T2-hypointense area related to
paramagnetic free radicals from active phagocytic
cells (Fig. 20). On T1-weighted images, lymph
nodes that are hypointense show thin or thick,
complete or incomplete, rim-like peripheral
enhancement; while the nodes that are isointense
enhance homogeneously. Conglomerate group of
nodes show peripheral and central areas of
enhancement (Joshi et al. 2014).

6.4 Differential Diagnosis

The differential diagnosis for the cause of
enlarged lymph nodes with low-density centers
and calcification is listed in Table 6. Although
evidence of AFB is ideally required for the
definitive diagnosis of TB, this is not always
possible in abdominal TB. Currently, diagnos-
tic criteria include clinical manifestations sug-
gestive of TB, imaging evidence indicative of
TB, histopathological or microbiological evi-
dence of TB, and/or therapeutic response to
treatment. Multiplicity, matting, and caseation
are three features that indicate nodal
TB. Diagnosis can be established using FNAC
and a core biopsy under US, EUS, or CT guid-
ance (Joyati Tarafder et al. 2015).

Table 6 Differential diagnosis for abdominal lymphade-
nopathy with low-density centers and calcification

Differential diagnosis of lymph nodes with
low-density centers
Metastatic malignancy

Lymphoma after treatment

Inflammatory conditions (e.g., Crohn disease)
Pyogenic infection

Whipple disease

Differential diagnosis of calcified lymph nodes
Metastases

Teratomatous testicular tumors

Non-Hodgkin lymphoma after treatment

7 Conclusion

With the resurgence of TB and concomitant
increase in extrapulmonary TB, abdominal TB is
currently not an infrequent diagnosis, especially
in countries where TB is prevalent. Although the
bowel, lymph nodes and peritoneum are more
commonly involved, hepatobiliary, pancreatic,
and splenic forms of the disease can occur, often
mimicking malignancy or acute abscess.
Coexisting pulmonary TB, splenic involvement,
rim-enhancing low-density lesions, ‘“cobweb”
ascites, scalloped or “sugar-coated” liver, peri-
pancreatic nodal involvement, periductal miliary
calcifications or an “abdominal cocoon” are all
features that should raise the index of suspicion
for a tuberculous etiology.
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1 Introduction

Abdominal tuberculosis (TB) is the sixth most
common location of extrapulmonary TB, after
lymph node, urogenital, bone, miliary, and central
nervous system TB (Malikowski et al. 2018).
Abdominal TB encompasses the gastrointestinal
(GI) tract, peritoneum, and associated viscera. GI
TB can manifest as an isolated disease or may
occur as a part of disseminated disease. In the GI
system, the ileocecal junction is the most common
site affected by TB, followed by the ascending
colon, jejunum, appendix, duodenum, stomach,
sigmoid colon, and rectum (Kim et al. 2018). In this
chapter, we focus on the pathogenesis and imaging
features of GI TB, particularly of the ileocecal
region. Abdominal solid organ and peritoneal TB
has been addressed in the preceding chapter.

2 Pathophysiology

GI TB is caused by the pathogenic bacteria
Mycobacterium tuberculosis. The possible routes of
infection are direct infection of mucosa through
swallowed respiratory tract secretions, hematoge-
nous spread, extension from neighboring infected
viscera and lymph nodes, or uncommonly through
ingestion of contaminated dairy products (Ma et al.
2019; Zhu et al. 2020). These bacteria invade
through the epithelium of the GI tract and into the
submucosa. The areas within the GI tract which
have more lymphoid tissue and M cells, such as the
ileum, are more susceptible. In addition to the path-
ological involvement of the bowel wall, the vessels
of the mesentery are also involved. Microscopic
examination shows granulomatous inflammation
within the arterial wall and arterial thrombosis.
Ischemia exacerbates the damage initiated by local-
ized granulomatous inflammation. Complications
of GI TB include obstruction, perforation, forma-
tion of fistulae and perianal fistulae, and hemor-
rhage (Lee et al. 2012; Debi et al. 2014).

3 Role of Imaging

Imaging plays an important role in indicating the
diagnosis of GI TB. If the radiological findings
are suggestive of TB, confirmatory diagnosis is

usually achieved by endoscopy and biopsy.
Imaging not only helps in the diagnosis of TB,
but is also used to evaluate the extent of disease.
It has a crucial role in diagnosing the complica-
tions of GI TB, which include obstruction, bleed-
ing, and perforation. After commencement of
treatment, imaging helps assess the treatment
response.

4 lleocecal and Small Bowel
Tuberculosis

The ileocecal junction is the most commonly
involved site in GI TB, being seen in 64% of
patients with GI TB (Bhatt et al. 2017). Infected
patients present clinically with protean colicky
abdominal pain and vomiting. The most common
complication is obstruction due to mural thicken-
ing, stricture, and edematous bowel. Patients can
also present with perforation (Debi et al. 2014).
The ileocecal junction is more commonly
involved because of stasis in this area, presence
of abundant lymphoid tissue in the bowel wall,
increased rate of absorption, and closer contact of
bacilli with the mucosa (Prakash 2009). The
imaging features reflect the pathological find-
ings. The pathological forms of GI TB can be
hypertrophic (10%), ulcero-proliferative (30%),
or ulcerative (60%) (Bhatt et al. 2017). The ulcer-
ative form manifests as circumferential trans-
verse ulcers, and the ulcero-proliferative form
shows inflammatory pseudotumor formation
along with ulcerative thickening of the intestinal
wall. The hypertrophic form presents with scar-
ring, fibrosis, and pseudotumor formation and is
most commonly seen in the ileocecal region.

4.1 Abdominal Radiography

The role of abdominal radiographs in emergency
situations is for the primary evaluation of sus-
pected cases of intestinal obstruction or perfora-
tion, which are known complications in patients
with GI TB. Radiographical findings of TB
include enteroliths, calcified granulomas, abdom-
inal calcified lymph nodes, and hepatospleno-
megaly (Nagi et al. 2004). Dilated bowel loops
with multiple air—fluid levels are a feature in
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patients with intestinal obstruction. The presence
of air under the diaphragm is seen in cases of per-
foration. Intussusception can be sometimes
detected on abdominal radiographs as a soft tis-
sue mass, proximal to which dilated bowel loops
are seen. The specific signs of intussusception are
the “target” and “meniscus” signs. The “target”
sign is seen as a circular lucency within the soft
tissue representing the fat of the intussusceptum,
while the “meniscus” sign is seen as a crescent of
air outlining the intussusceptum.

4.2 Barium Studies

The barium meal and follow-through study
(BMFT) is important for the early diagnosis of
small bowel TB. Barium enema can also be used
concomitantly for the evaluation of the cecum and
ileocecal junction, as well as for colonic TB. The
advantages of barium studies are that they provide
physiological information about the flow of food
in the GI tract, transit time, and presence of motil-
ity disorders. The disadvantages are that they are
lengthy procedures, with less sensitivity due to
poor distensibility and overlapping of bowel seg-
ments. Miller and Sellink introduced barium
enteroclysis in 1979, which has better sensitivity
compared to BMFT, as intubation of the jejunum
by a nasogastric tube leads to better small bowel
distension (Miller and Sellink 1979). It is rela-
tively fast to perform, and the mucosal abnormali-
ties, particularly the smaller lesions, are better
visualized. It is especially useful in patients with
subacute intestinal obstruction, as it can detect
partial or incomplete strictures.

The barium study findings correspond to the
pathological stages (Prakash 2009). The first
stage, which is due to the superficial invasion of
the mucosa, is seen as accelerated intestinal tran-
sit time or spasmodic contractions of the intestine
on the barium study. Disturbances in tone and
peristaltic contractions lead to hypersegmenta-
tion of the barium column. Disturbances in secre-
tions also result in flocculation or dilution of the
barium suspension. There can be changes in the
contours of the intestine, which may be irregular,
crenated, or spiculated. The small bowel may
show soft and thick folds, or hypermobility with
edema of the ileocecal valve.

The second stage is seen as ulceration in the
small bowel on the barium study. Ulcers can be
stellate or linear in shape. Barium specks sur-
rounded by thick or converging folds can be seen
in stellate ulcers. Linear ulcers are perpendicular
to the long axis. The third stage manifests as
hypertrophy. Penetrating ulcers cause short,
hourglass-like strictures. Multiple circumferen-
tial strictures with multifocal areas of bowel dila-
tation may also occur. Fixity, spiculation, and
hyper- or hypomotility of bowel loops may be
seen (Prakash 2009). The cecum becomes con-
tracted, conical, and pulled upwards out of the
iliac fossa, due to contraction of the mesocolon
(Fig. 1).

The signs of ileocecal TB described on barium
studies include the Fleischner or “inverted

umbrella” sign, “gooseneck deformity,” “purse-

string” stenosis, Stierlin sign, and string sign.

Fig. 1 46-year-old man who presented with clinical fea-
tures of intestinal obstruction. Barium meal follow-
through image shows luminal narrowing of the terminal
ileum and ileocecal junction (solid arrow). The cecum is
also contracted and distorted in shape (dashed arrow).
Features are typical of ileocecal tuberculosis
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Fig.2 56-year-old man, known case of abdominal tuber-
culosis, who presented with clinical features of intestinal
obstruction. Barium meal follow-through image shows a
contracted and distorted cecum (dashed arrow) with nar-
rowing of ileocecal junction and dilated terminal ileum,
with resultant “gooseneck’ deformity (solid arrow)

The Fleischner or “inverted umbrella” sign is
present when a thick ileocecal valve which is
gaping, together with associated narrowing of the
terminal ileum, is seen. The “gooseneck™ defor-
mity occurs when there is loss of the normal
ileocecal angle, dilated terminal ileum, and
retracted fibrosed caecum (Fig. 2). “Purse-string”
stenosis is due to localized stenosis at the ileoce-
cal valve, with a round smooth cecum and dilated
terminal ileum. The Stierlin sign is due to acute-
on-chronic inflammation and is seen as lack of
barium retention in the inflamed segments of
ileum, cecum, and variable length of ascending
colon, with normal column of barium on either

Fig. 3 36-year-old woman who had clinical features of
intestinal obstruction. Barium enteroclysis image shows
multiple segmental strictures in the small bowel loops due
to intestinal tuberculosis. The “string sign” (arrow) is seen
as a persistent area of luminal narrowing with dilated
bowel loops proximal and distal to it

side. The string sign is seen as a persistent narrow
stream of barium due to bowel stenosis (Fig. 3).
Barium enteroclysis is more sensitive than BMFT
for demonstrating the findings of small bowel
TB. Barium enteroclysis followed by barium
enema may be the best protocol for the early
detection of ileocecal TB (Debi et al. 2014).

4.3 Ultrasound Imaging

The advantages of abdominal ultrasound (US)
imaging are that it is readily available, does not
involve ionizing radiation, and can be done at the
bedside of the patient. Although it cannot evalu-
ate the intestinal findings of TB as well as barium
studies, it is useful for assessing extraluminal
abnormalities such as necrotic lymph nodes,
peritoneal thickening, and ascites (Fig. 4).
Moreover, it can diagnose possible complications
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Fig. 4 23-year-old woman who presented with symp-
toms of obstipation. (a and b) US images of the abdomen
show multiple dilated small bowel loops (thin solid arrow)
with echogenic contents showing “to-and-fro” move-
ments, and septated ascites (dashed arrow). (¢ and d) US

of TB such as obstruction and perforation. The
disadvantage is that the findings are subjective,
with much interobserver differences.
Endoluminal US imaging is being used more
commonly and helps in clearer visualization of
intestinal wall abnormalities. More recently, con-
trast-enhanced US imaging has been found to be
useful in evaluating patients with TB. Nagi et al.
(2006) described the technique of sonoenterocly-
sis, in which US imaging is done after injection

images of the upper abdomen show multiple enlarged
necrotic periportal lymph nodes (thick solid arrows). The
patient underwent explorative laparotomy and was found
to have a distal ileal stricture, which was resected.
Histopathology confirmed tuberculosis

of isotonic nonabsorbable electrolyte solution
with polyethylene glycol through a nasogastric
tube, which is placed to the level of the jejunum.
The small bowel lesions are visualized with
greater clarity because of better distension, with
findings comparable to barium enteroclysis (Nagi
et al. 2006).

The early changes of small bowel TB are not
visible on US imaging. However, a deep ulcer
can be seen as the extension of echogenic
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Fig. 5 36-year-old woman who was diagnosed with
intestinal tuberculosis. US images show (a) circumferen-
tial mural thickening of the distal ileal loops producing

material into the wall. Hyperplastic ileocecal TB
can be seen on US imaging as asymmetrical
thickening of cecum and ileocecal valve. The
“pseudokidney” sign may be seen when ileocecal
wall thickening is present in a subhepatic loca-
tion (Fig. 5). It is difficult to evaluate jejunal and
ileal involvement because of the overlapping
bowel loops. In cases of obstruction, however,
thick-walled and short strictures may be seen,
proximal to which bowel loops are dilated
and show abnormal peristaltic movements.
Associated peritoneal findings that can be seen
on US imaging include necrotic lymph nodes,
ascites, and omental thickening. Sometimes, free
intraperitoneal air can be detected, indicating
perforation. US imaging can be used for the fol-
low-up of patients who are on anti-TB treatment
to check for resolution of the disease. Contrast-
enhanced US imaging findings in bowel TB are
type 1 enhancement when the serosa enhances
first and mucosa enhances gradually and type 2
enhancement when the whole bowel shows dif-
fuse and quick enhancement (Yang et al. 2015).

4.4 Computed Tomography

As computed tomography (CT) is a cross-
sectional imaging modality, it provides informa-
tion about not only the bowel lumen, but also the

»

the “pseudokidney’
ulcer seen as extension of echogenic foci into the bowel
wall (dashed arrow)

sign (solid arrow) and (b) a deep

extraintestinal abnormalities. The presence of
extraintestinal abnormalities helps in arriving at a
confident diagnosis of TB, when the intestinal
findings are equivocal. The other benefits of CT
are that the whole bowel can be visualized in one
single examination, the complete extent of dis-
ease can be evaluated, and the associated compli-
cations can be diagnosed. CT is also more
objective, the information provided is more reli-
able, and there are fewer interobserver differ-
ences. In addition, most patients tolerate CT
better than barium studies.

CT is the modality of choice for evaluation of
suspected cases of complications such as perfora-
tion and obstruction, because of its greater spatial
resolution and the speed of acquisition (Figs. 6
and 7). Another advantage is the capability to
generate multiplanar reformatted images, which
help in visualizing the entire bowel in different
planes. Intravenous iodinated contrast agent is
administered to differentiate abnormal infected
segments of bowel from normal segments. A
water-soluble contrast agent can also be given
orally in specific cases to facilitate the differenti-
ation of distended bowel segments from intra-
abdominal collections and to evaluate the site of
perforation. The disadvantages of CT are that it
cannot provide detailed evaluation of intralumi-
nal and mucosal abnormalities, which are better
seen on barium studies and endoscopy.
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Fig. 6 26-year-old man who presented with acute
abdominal pain. (a—c) Axial contrast-enhanced CT images
show free air in the nondependent part of the peritoneal
cavity (thick solid arrows). Moderate ascites (dashed
arrow) and multiple enlarged mesenteric lymph nodes are

seen, a few of which are necrotic (thin solid arrows). The
patient underwent explorative laparotomy, with resection
of the perforated ileal segment and end ileostomy.
Histopathology confirmed ileal tuberculosis

Fig. 7 13-year-old girl who presented with abdominal
distension, pain, and constipation. (a and b) Coronal
contrast-enhanced CT images show a long segment of
mural thickening involving the distal ileal loop, ileocecal

CT shows thickening of the ileocecal valve,
terminal ileum, and cecum in patients with
ileocecal TB. Ileocecal junction abnormalities,
together with the involvement of the cecum and
ileum, are highly suggestive of TB (Fig. 8). Mural
wall thickening can be as much as 3 cm in the

junction, and cecum (thick solid arrow). Dilated small
bowel loops (thin solid arrows) are seen. Multiple enlarged
lymph nodes are present in the ileocolic mesentery
(dashed arrow)

cecum and terminal ileum. Mild circumferential
bowel thickening in the early stages, and severe
and asymmetrical wall thickening in late stages,
may be seen in the ileocecal region. Sometimes,
thickening is limited to the ileocecal valve and
medial wall of the cecum. The ileocecal junction
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Fig. 8 27-year-old woman who presented with abdomi-
nal pain and loss of appetite for 2 months. (a) Coronal
contrast-enhanced CT image shows smooth circumferen-
tial thickening of the distal ileum and ileocecal junction
(thin solid arrow). Enlarged necrotic ileocolic lymph
nodes are seen (thick solid arrow). (b) Axial contrast-

can also display abnormal position and angula-
tion. On CT, a small bowel lesion with concurrent
ileocecal involvement strongly suggests the diag-
nosis of TB. However, small bowel involvement
without involvement of ileocecal region may also
be seen. CT may show skip lesions of concentric
mural thickening and enhancement, with associ-
ated luminal narrowing in the small bowel, with
or without proximal dilatation. The ileum is more
frequently involved, compared to the jejunum.
Concomitant jejunal and ileal involvement
may be seen in the form of multiple short or long
strictures. Wall thickening is usually homoge-
neous with no stratification. Strictures can lead to
obstruction and proximal dilatation. Perforation
of bowel can occur, leading to ascites and air in
the peritoneal cavity. CT can demonstrate the site
of obstruction or perforation. CT may also show
fistula formation, which is another known com-
plication of TB. Active bowel disease is seen as

enhanced CT image of the pelvis shows smooth circum-
ferential thickening of the distal ileal loops (solid arrow).
(¢) Axial contrast-enhanced CT image of the upper abdo-
men shows necrotic periportal lymph nodes (dashed
arrow)

areas of enhancement and thickening, while lack
of enhancement indicates fibrosis.

The most important advantage of CT is that it
can show extraintestinal findings in patients with
TB. Disease activity also correlates with perito-
neal changes, including excessive fat stranding,
ascites, and increased vascularity (Bhatt et al.
2017) (Fig. 9). CT also shows enlarged enhanc-
ing lymph nodes in the mesentery, with 30-60%
having a necrotic center in the involved lymph
nodes (Bhatt et al. 2017). The periportal and mes-
enteric lymph nodes are most commonly
involved. Peritoneal TB can also lead to bowel
involvement. Peritoneal thickening and fat strand-
ing can lead to matting of bowel loops and cocoon
formation (Fig. 10). The cocoon, also known as
sclerosing encapsulating peritonitis, refers to
encapsulation of bowel loops within the fibro-
collagenous peritoneal membrane and may lead
to intestinal obstruction (Singhal et al. 2019).
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Fig. 9 53-year-old man who presented with clinical fea-
tures of subacute intestinal obstruction. (a and b) Axial
contrast-enhanced CT images of the abdomen show
omental thickening and fat stranding (dashed arrow),
gross ascites, and enlarged necrotic retroperitoneal lymph
nodes (thick solid arrow). (¢) Coronal contrast-enhanced
CT image shows circumferential wall thickening of termi-

In addition to peritoneal involvement, solid
organs, such as the liver and spleen, can show
enlargement and hypodense lesions if they are
involved. In the chronic stage of the disease, a
contracted and distorted cecum of small caliber,
which may be pulled up, may be seen. The fibrotic
cecum will not show significant mural thicken-
ing. A patulous ileocecal valve and loss of ileoce-

2% Angla: 0

nal ileum and ileocecal junction (thin solid arrow). (d)
Sagittal contrast-enhanced CT image shows circumferen-
tial areas of wall thickening and luminal narrowing in the
colon (thin solid arrows) and necrotic, matted, and
enlarged retroperitoneal lymph nodes (thick solid arrow).
The patient was confirmed to have abdominal tuberculosis
on peritoneal fluid analysis

cal junction angulation are other findings. Fibrotic
strictures of the ileocecal region and small bowel
may lead to recurrent episodes of obstruction.
Calcified bowel wall, calcified lymphadenopathy,
and calcified granulomas in the liver and spleen
are other sequelae of abdominal TB.

CT enterography is an improvement over the
traditional CT techniques for evaluation of the
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Fig. 10 31-year-old woman, a known case of abdominal
tuberculosis on anti-tuberculosis treatment, who pre-
sented with abdominal distension and nonpassage of
stools. (a) Coronal and (b) axial contrast-enhanced CT
images show peritoneal thickening and “cocoon” (scleros-
ing encapsulating peritonitis) formation (thin solid
arrows), leading to encapsulation of jejunal and ileal

small bowel. It involves ingestion of 1,500—
2000 ml of neutral or low-density contrast mate-
rial over 45-60 min, which enables good small
bowel distension, allowing better visualization
of wall and intraluminal abnormalities. Water—
methylcellulose solution, polyethylene glycol,
and low-density barium are some of the oral
contrast agents which can be used for CT
enterography. CT enterography helps in diag-

bowel loops. Moderate ascites is also present. (¢) Coronal
contrast-enhanced CT image shows a dilated duodenum
(dashed arrow) consistent with intestinal obstruction. (d)
Axial contrast-enhanced CT image shows free air in the
peritoneal cavity (thick solid arrow) due to associated
bowel perforation

nosing incomplete or partial structure, which
may lead to episodes of subacute obstruction
(Kalra et al. 2014; Bhatt et al. 2017). CT entero-
clysis involves intubation of the jejunum using a
nasogastric tube, followed by injection of hyper-
osmolar fluid (Dave-Verma et al. 2008; Aiyappan
et al. 2012). As the latter causes more discom-
fort to the patient, CT enterography is preferred
to CT enteroclysis. Both methods are equally
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useful for the evaluation of subacute

obstruction.

Both CT enteroclysis and enterography are
more sensitive than barium enteroclysis for
detecting multiple strictures, which may be
missed on barium examination due to overlapping

ileal loops. Early and partial strictures of TB are
better visualized due to better distension of small
bowel (Figs. 11 and 12). Mild bowel wall thicken-
ing and enhancement are also seen with greater
clarity. Another very recent advanced technique is
virtual CT enteroscopy. In this procedure, the

Fig. 11 32-year-old man who presented with recurrent
abdominal distension. CT enterography was done after
ingestion of 2 L of Peglec solution (an osmotic laxative)
by the patient. (a—c) Axial CT enterography images show
circumferential mural thickening of the terminal ileum

and ileocecal junction (thin solid arrow) causing obstruc-
tion with dilatation of small bowel loops (dashed arrow).
Calcified lymph nodes are seen in the mesentery (thick
solid arrow)

Fig. 12 44-year-old man who presented with iron defi-
ciency anemia. (a-d) Axial contrast-enhanced CT
enterography images show multiple areas of short-
segment circumferential mural thickening and narrowing

in the ileal loops (thin solid arrows) with multifocal dilata-
tion of bowel loops (dashed arrows). Enlarged mesenteric
lymph nodes are also seen (thick solid arrow)
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Fig. 13 30-year-old woman who presented with subacute
episodes of intestinal obstruction. CT virtual enteroscopy
was performed. (a) CT scanogram shows the small and
large bowel distended with carbon dioxide. (b) Coronal
contrast-enhanced CT image shows circumferential mural
thickening with hyperenhancement of one of the ileal

small bowel is cannulated with a nasogastric tube
and distended using carbon dioxide. CT is then
acquired, and advanced reconstruction software is
used to obtain endoluminal images of the small
bowel, similar to those obtained in endoscopy
(Kalra et al. 2021) (Fig. 13). This leads to better
evaluation of intraluminal and mucosal abnormal-
ities of the small bowel.

4.5 Magnetic Resonance Imaging

The main disadvantage of CT is the hazard of
ionizing radiation. Patients with abdominal TB

loops (solid arrow). (¢) CT enteroscopy endoluminal 3D
image shows a normal small bowel loop. (d) CT enteros-
copy endoluminal 3D image shows a stricture in the
ileum. (e) Small bowel barium enteroclysis image shows
a stricture (dashed arrow) in the corresponding ileal loop
with dilatation of the proximal bowel

may need to undergo repeat imaging in order to
evaluate the extent of disease and response to
treatment. Magnetic resonance imaging (MRI) is
a cross-sectional modality that has no radiation
hazard and has better soft tissue contrast com-
pared to CT. Findings which can be seen on MRI
include an exophytic soft tissue mass around a
narrow segment or a minimally symmetric or
asymmetric area of thickening, which is associ-
ated with bowel tethering. The involved bowel
wall is T1-hypointense and T2-hyperintense and
shows heterogeneous enhancement. One of the
additional advantages of MRI is that it can dif-
ferentiate between acute ulcerative and subacute
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Fig. 14 34-year-old man who presented with recurrent
episodes of abdominal distension. (a) Barium meal and
follow-through image shows a short-segment “hourglass”

scarring stages, based on the difference in signal
intensity and enhancement patterns (Krishna
et al. 2016).

Recent advances in MRI include MR enterog-
raphy and MR enteroclysis. These advances in
MRI techniques lead to better evaluation of intra-
luminal and wall abnormalities because of better
distension. MR enterography has been found to
correlate well with BMFT findings (Krishna
et al. 2016) (Fig. 14). In addition, similar to CT
enterography, MR enterography can provide
extraintestinal information together with better
soft tissue contrast. MR enterography can
become the one-stop radiation-free tool for the
evaluation of small bowel TB. Advanced MRI
techniques such as diffusion-weighted images
can help in assessing the disease activity of intes-
tinal TB. A rise in apparent diffusion coefficient
(ADC) values has been found to directly corre-
late with good response to treatment (Mathur
et al. 2019).

4.6 Differential Diagnosis

The imaging differential diagnosis of ileocecal
TB includes Crohn disease, lymphoma, carci-
noma, and amebiasis. Early tuberculous changes
are difficult to differentiate from these clinical

stricture (arrow) in the ileum. (b) MR enterography image
shows the corresponding stricture with associated wall
thickening and hyperenhancement (arrow)

entities. However, advanced TB can usually be
differentiated on imaging. In lymphoma, there is
significantly more bowel wall thickening, as
compared to the wall thickening in TB. Secondly,
bowel wall thickening in lymphoma does not
lead to obstruction. Thirdly, extraintestinal find-
ings such as homogeneously enlarged lymph
nodes are seen in lymphoma, while necrotic
lymph nodes are seen in TB. Hepatosplenomegaly
and small focal lesions in the liver and spleen can
occur in both TB and lymphoma.

One important differential diagnosis of small
bowel TB is Crohn disease. It is difficult to dif-
ferentiate ileocecal and small bowel TB from
Crohn disease. The presence of skip lesions (>3),
long lesions, stratification, asymmetrical thicken-
ing, mesenteric fat proliferation, increased mes-
enteric vascularity, and no necrotic lymph nodes
on CT can help in differentiating Crohn disease
from TB (Lundstedt et al. 1996; Kedia et al.
2015; Goyal et al. 2019). Amebiasis may show
involvement of the cecum, but the terminal ileum
is usually not involved. Carcinoma of the cecum
will typically not involve the terminal ileum. In
addition, it will show predominantly locoregional
metastatic lymphadenopathy, vis-a-vis TB, which
has infected abdominal lymph nodes which are at
a site remote from the ileocecal region (Pereira
et al. 2005).
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5 Esophageal Tuberculosis

Esophageal TB is rare. It accounts for 2.8% of all
cases of GI TB (Prasant et al. 2019). The first case
of esophageal TB was diagnosed post-mortem in
1890. The first case of esophageal TB to be diag-
nosed ante-mortem occurred in 1907. An autopsy
series reported secondary involvement of the
esophagus in 25 of 16,489 patients who died of
TB (Dahale et al. 2018). The modes of spread for
esophageal TB are through swallowed sputum,
retrograde lymphatic spread, blood-borne spread,
and direct spread through mediastinal lymph
nodes, tuberculous lung cavity, and tuberculous
spondylodiscitis  (Pott disease). The mid-
esophagus is the most commonly-affected site
(Dahale et al. 2018).

Esophageal TB can be primary or secondary.
Primary TB involves only the esophagus, without
involvement of any other site. Primary esopha-
geal TB is very rare, because of the inherent
properties of the esophagus that protect it. These
protecting factors include stratified squamous
epithelium, esophageal peristalsis, mucus-coated
epithelium, saliva, and erect posture (Dahale
et al. 2018). Secondary esophageal TB is more
common and is caused by secondary involvement
of the esophagus through spread from mediasti-
nal, lung parenchymal, or spinal TB. The most
common presenting symptom is dysphagia, fol-
lowed by odynophagia (Dahale et al. 2018).
Complications such as esophageal fistula may
lead to symptoms such as coughing and dyspnea
on swallowing.

Nagi et al. (2003b) evaluated 23 patients with
esophageal TB, finding that the chest radiographs
were abnormal in 65% of the patients. Chest
radiographs may therefore be normal in patients
with primary esophageal TB. However, those
with  secondary  esophageal TB  may
show features of pulmonary and mediastinal
TB. Nodules, cavities, and consolidation may be
seen on chest radiographs. The barium swallow
findings of patients with esophageal TB are
extrinsic compression by enlarged lymph nodes,
traction diverticula, smooth strictures, mucosal
ulcerations, sinus/fistulous tracts, kinking, and
pseudotumors. Sinus tracts/fistulous communica-
tions with the mediastinum or tracheobronchial

tree may be seen (Prakash 2009). Esophageal
perforation into the mediastinum may also occur.

The diagnostic modality of choice is
CT. Mediastinal lymphadenopathy is seen in
most patients with esophageal TB. In patients
with primary esophageal TB, CT shows mural
thickening of the esophagus with adjacent lymph-
adenopathy. In secondary esophageal TB, there is
secondary involvement of the esophagus from
adjacent sites, such as the mediastinum, lung
parenchyma, or vertebrae. A feature of mediasti-
nal TB is necrotic lymphadenopathy, while in
lung parenchymal TB, cavities, consolidation,
and centrilobular or miliary nodules may be seen.
CT also assists in diagnosing complications such
as fistula, perforation, or stricture. Imaging
(including chest radiographs, barium swallow,
and CT) also helps in determining the extent of
disease. Endoscopy with mucosal biopsy con-
firms the diagnosis, showing ulcers, elevated
lesions, and fistula (Dahale et al. 2018).
Endoscopic US imaging shows hypoechoic
lesions with indistinct margins, interruption of
the five-layer structure, and mediastinal lymph-
adenopathy (Xiong et al. 2020). The differential
diagnosis includes eosinophilic granulomas,
Crohn disease, candidiasis, actinomycosis, syph-
ilis, esophageal malignancy, and esophageal
injury (Prasant et al. 2019).

6 Gastric Tuberculosis

Gastric TB is usually associated with pulmonary
TB. The incidence of gastric TB has been found
to be 0.03-0.21% of all routine biopsies (Kim
et al. 2018). Gastric involvement occurs in 2% of
patients with pulmonary TB (Kim et al. 2018).
Gastric TB is rare because of the bactericidal
properties of gastric acid, scarcity of lymphoid
tissue in gastric wall, and intact mucosa of the
stomach wall (Mukhopadhyay et al. 2010; Lv
et al. 2020). The most common mode of spread is
from adjacent affected lymph nodes. The most
frequent location is the pyloric antrum and lesser
curvature near the pyloric region, due to increased
lymphoid tissue in this location. This area is also
common for peptic ulcer disease as this site is
prone to mucosal breech, gastritis damage,
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erosions, and ecchymosis. Abnormal gastric con-
ditions such as injury, erosion, and/or ulcer in the
gastric mucosa, reduction in gastric acid, and
delayed gastric emptying increase the time of TB
bacilli in the stomach, leading to increased risk of
gastric TB. Gastric TB can be primary or second-
ary. Regardless of whether it is primary or sec-
ondary, gastric TB is very rare, though the
secondary infection is more common than the
primary form (Ma et al. 2019). The clinical pre-
sentation is non-specific and includes epigastric
pain, vomiting, and weight loss. Sometimes,
patients present with gastric outlet obstruction,
perforation, and dysphagia.

The barium meal may show ulceration and
irregular filling defects in the antral and pyloric
regions (Chazan and Aitchison 1960; Guirguis
etal. 1983; Zengin et al. 2003). Features of gastric
outlet obstruction can be detected on barium stud-
ies (Amarapurkar et al. 2003). In addition, gastro-
colic fistula formation has also been reported
(Nagi et al. 2002). CT is helpful in determining
the lesion and its relationship with surrounding
structures such as paragastric or abdominal lymph
nodes (Fig. 15). Endoscopic US imaging may
show a poorly defined gastric wall or a hypoechoic
lesion in the submucosa of the stomach wall with
irregular boundaries and nonhomogeneous echo-
genicity. Enlarged para-aortic or abdominal lymph
nodes, and connection between the stomach wall
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Fig. 15 24-year-old woman, a known case of gastrointes-
tinal tuberculosis who previously underwent operation for
small bowel obstruction, now presented with recurrent
upper abdominal pain. (a) Axial contrast-enhanced CT
image shows necrotic periportal lymph nodes (thin solid

lesion and enlarged gastric or abdominal lymph
nodes, may be seen. Endoscopic US imaging
facilitates the determination of the layer of origin.
However, on endoscopic US imaging, TB can be
misdiagnosed as a submucosal tumor (Kim et al.
2018; Zhu et al. 2020).

Lack of specific clinical, radiological, and
endoscopy features makes the diagnosis of gas-
tric TB difficult. It can mimic peptic ulcer dis-
ease, cancer, and lymphoma. The gold standard is
endoscopic biopsy, which shows caseating epi-
thelioid granulomas or presence of acid-fast
bacilli (AFB). The diagnosis is challenging, and
only 50% may be diagnosed after biopsy. The
positivity rate of biopsy is low because the lesions
are primarily submucosal. Molecular techniques
such as polymerase chain reaction (PCR) test and
DNA sequencing are helpful (Ma et al. 2019).

7 Duodenal Tuberculosis

Only 2-2.5% of GI TB affects the duodenum.
The second and third parts of the duodenum are
most commonly involved (Nagi et al. 2015).
Involvement can be extrinsic or intrinsic.
Extrinsic involvement is most commonly due to
adhesions or surrounding lymph nodes, while
intrinsic involvement is less common and can be
ulcerative or hyperplastic (De et al. 2016). The

arrow) (b) Axial contrast-enhanced CT image shows cir-
cumferential wall thickening of the stomach in the region
of pylorus (dashed arrow). Enlarged para-aortic lymph
nodes are also seen (thick solid arrow). Endoscopic biopsy
confirmed gastric tuberculosis
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Fig. 16 46-year-old man who presented with loss of
weight and appetite for 3 months. (a and b) Coronal
contrast-enhanced CT images show circumferential thick-
ening of the ileocecal junction and terminal ileum (thin
solid arrow), with a contracted and thick-walled cecum.
There is circumferential thickening of the second part of
the duodenum (dashed arrow) leading to proximal dilata-
tion of the stomach. Enlarged ileocolic lymph nodes are
also seen (thick solid arrow). (¢ and d) Axial contrast-

most common presenting symptoms are obstruc-
tion and dyspepsia.

Barium studies are non-specific but can delin-
eate the level and extent of involvement of duo-
denal TB. The most common barium study
findings in patients who present with obstructive
symptoms are strictures, extrinsic compression,
and polypoidal intraluminal masses. The most
common feature in patients who present with
dyspeptic symptoms is ulceration. Other barium
findings include perforation and fistulas (Nagi
et al. 2015). There may be widening of the duo-
denal C-loop or impressions on the medial aspect
of the C-loop, due to adjacent enlarged lymph
nodes. Extrinsic involvement is most common in
the third part of duodenum, and it can sometimes
simulate the superior mesentery artery syndrome
(Lundstedt et al. 1996). The incompetence of the
sphincter of Oddi can lead to passage of air or
reflux of intraluminal contrast agent into the bili-
ary tree (Chavhan 2003).

enhanced CT images show other areas of circumferential
wall thickening and luminal narrowing in the small bowel
loops (solid arrows). (e) Gastroscopy photograph shows
thickening of folds in the second part of the duodenum. (f)
Colonoscopy photograph shows an ulcer in the cecum
close to the ileocecal valve and pseudopolyps. Biopsy in
both these regions showed granulomas. (Endoscopy
images courtesy of Dr. Vishal Sharma, Department of
Gastroenterology, PGIMER, Chandigarh, India)

US imaging may show circumferential mural
thickening at the point of obstruction or necrotic
lymph nodes in the region. Other associated find-
ings such as ascites and peritoneal thickening can
also be seen on US imaging. CT shows the thick-
ened wall of the duodenum and necrotic lymph
nodes (Fig. 16). Necrotic lymph nodes can be
seen in both intrinsic and extrinsic duodenal TB
(Gulati et al. 1999). Complications of duodenal
TB are obstruction, fistula formation, and perfo-
ration; these are well evaluated on CT. The imag-
ing differential diagnosis includes lymphoma,
pancreatic carcinoma, and peptic ulcer disease.

8 Colonic Tuberculosis

Colonic TB is usually contiguous with ileocecal
involvement. Isolated colonic TB is rare and is
seen in only 10.8% of cases of abdominal TB
(Debi et al. 2014). The ascending colon has been
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reported to be the most commonly involved seg-
ment (Mukewar et al. 2012), while others have
found the transverse colon to be more commonly
involved (Nagi et al. 2003a). Affected patients
most frequently present with weight loss and
abdominal pain, while some present with fever,
abdominal mass, and bleeding per rectum. Most
patients respond to anti-TB drug therapy. About
10% of patients with colonic TB require surgery
for lower GI bleeding (Mukewar et al. 2012).
Barium enema shows segmental involvement
with associated spiculation, spasm, rigidity,
ulcers, symmetrical annular strictures, and some-
times polyps (Nagi et al. 2003a). Complications

include perforation, fistulae, and pericolic
abscesses. Double-contrast barium enema is
more sensitive than single-contrast barium enema
and can show shallow ulcers with elevated mar-
gins. These ulcers are transversely oriented. The
confluence of these ulcers may create larger gir-
dle ulcers and affect large segments of colon
(Nakano et al. 1992). CT can show short- or
long-segment involvement and circumferential
mural thickening, with associated luminal nar-
rowing. Short-segment involvement is usually
seen around the hepatic flexure (Fig. 17).
Advanced TB can cause shortening of bowel
with distortion. Complications of TB such as

Fig. 17 42-year-old man who presented with clinical fea-
tures of intestinal obstruction. (a) Axial contrast-enhanced
CT image shows enlarged necrotic peripancreatic lymph
nodes (thick solid arrow). (b) Axial and (¢) coronal con-
trast-enhanced CT images show asymmetrical circumfer-
ential wall thickening of the colonic hepatic flexure (thin

solid arrows) as well as dilated ascending colon and
cecum (dashed arrow). (d) Coronal contrast-enhanced CT
image shows dilated small bowel loops (dashed arrows).
There is symmetrical thickening with stratification in the
ascending colon, cecum, and terminal ileum
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Fig. 18 CT colonography images with colonoscopic cor-
relation in a 40-year-old man. (a) Axial contrast-enhanced
CT image shows asymmetrical mural thickening in the
proximal ascending colon causing luminal narrowing
(white solid arrow) (b) Axial contrast-enhanced CT image
shows a few subcentimeter-sized lymph nodes (white

perforation, obstruction, pericolic abscess,
sinuses, and fistulae can be well visualized on CT
(Gulati et al. 1999).

CT colonography is an alternative to barium
enema for the evaluation of colonic TB. CT colo-
nography is an advanced CT technique, which
involves distension of the colon using air or car-
bon dioxide, followed by CT acquisition and
reconstruction of images using 3D reconstruc-
tion techniques (Prabhakar et al. 2015). The
advantages of CT colonography are that it is
more sensitive to smaller mucosal lesions and
provides information about the lumen, colonic
wall, and extraluminal abnormalities (Fig. 18).
CT colonography has been advocated in differ-

dashed arrow) in the ileocecal mesentery. (¢) CT colonog-
raphy endoluminal 3D image shows luminal narrowing
with wall irregularity (black arrow). (d) Conventional
colonoscopy photograph shows a stricture at the corre-
sponding site (black arrow). Biopsy confirmed
tuberculosis

entiating TB from Crohn disease. The ulcers are
circumferential in TB and longitudinal in Crohn
disease. In addition, the ileocecal valve is more
commonly found to be incompetent in TB than in
Crohn disease (Kim et al. 2009). The differential
diagnosis of colonic TB includes inflammatory
bowel disease, amebic colitis, pseudomembra-
nous colitis, ischemic colitis, and malignancy.

9 Anorectal Tuberculosis

Anorectal TB is the rarest site of GI TB. Affected
patients present with anal pain, discharge,
multiple and/or recurrent fistulae, and inguinal
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Fig. 19 58-year-man who had recurrent episodes of ano-
rectal bleeding and constipation. (a) Double-contrast bar-
ium enema image shows a focal area of localized
perforation along left lateral wall of the rectum (solid

lymphadenopathy. Six forms of perianal TB have
been described, namely fistula-in-ano, ulcer with
undermined edges, short and annular strictures,
multiple small mucosal ulcers, lupoid form with
submucosal nodule and mucosal ulceration, and
verrucose form with wartlike excrescences
(Pandit et al. 2018). The most common form is
fistula-in-ano. Tuberculous fistulae are usually
complex, involve the external sphincter, and have
multiple tracks. The diagnosis is made by detec-
tion of AFB on routine microscopy of rectal dis-
charge or by histological examination of tissue
obtained from the lesion (Gupta 2005). The man-
agement includes both medical and surgical
treatment.

Anorectal TB leads to significant luminal nar-
rowing with areas of deep ulcers, which are
located approximately 10 cm from the anal verge.
Barium enema shows strictures, which are of
variable length, and also deep ulcers. The presa-
cral space can be increased (Puri et al. 1996), due
to inflammation or fibrosis. CT shows wall thick-
ening, which can be circumferential or focal
(Gulati et al. 1999) (Fig. 19). The rectum is usu-
ally not well distended by contrast material, due
to ulceration, spasm, or fibrosis. In addition, there

arrow). (b) Axial contrast-enhanced CT image shows
asymmetrical circumferential wall thickening of the rec-
tum (dashed arrow). Extensive fat stranding and ascites
are also seen in the pelvis

may be fistulae, strictures, and chronic ischiorec-
tal abscesses. MRI is routinely used for the evalu-
ation of perianal fistulas because of its superior
soft tissue contrast. The advantages of MRI are
that it can better define the primary and second-
ary tracks, localize the internal openings, and
identify the complications such as abscesses,
communications with other viscera, and involve-
ment of sphincters (Balci et al. 2019). The dif-
ferential diagnosis includes Crohn disease,
malignancy, lymphogranuloma venereum, ame-
biasis, actinomycosis, and schistosomiasis.

10 Diagnosis and Treatment

Tuberculin skin testing is used for initial evalua-
tion, but it cannot differentiate between active
and latent cases of TB. Smear microscopy and
mycobacterial culture should be performed in all
cases of TB. Histopathology is used for confir-
matory diagnosis (Khanna et al. 2017), showing
epithelioid granulomas with Langhans cells and
caseous necrosis. AFB may be present. The diag-
nosis is challenging, as the clinical utility of cul-
ture is limited by its relatively low yield and the
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prolonged period required for growth to be
detected. Molecular techniques such as PCR test
and DNA sequencing may help. Anti-TB therapy
using a combination of four drugs consisting of
rifampicin, isoniazid, pyrazinamide, and etham-
butol is the treatment of choice. This drug ther-
apy helps in the resolution of the disease and also
any fistula. However, some complications, e.g.,
perforation and obstruction, may require surgical
management.

11 Conclusion

Imaging has a pivotal role in the diagnosis, evalu-
ation of disease extent, and assessment of the
treatment response of GI TB. As GI TB has a
wide spectrum of imaging features, knowledge of
these imaging appearances on various imaging
modalities will enable an early diagnosis in the
appropriate clinical settings. Confirmatory diag-
nosis requires tissue culture and/or histological
examination. The ileocecal junction is the most
commonly involved site in GI TB. The involve-
ment of the ileocecal region with concomitant
lesions in bowel and necrotic lymphadenopathy
is diagnostic of TB. Though GI TB can affect any
site, isolated involvement of the colon, stomach,
duodenum, esophagus, and anorectum is rare;
hence, the diagnosis requires a high degree of
clinical suspicion. The role of the radiologist is in
timely recognition of the imaging features of TB,
so that further strategies can be planned to con-
firm the diagnosis and/or start appropriate anti-
TB treatment.
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Abbreviations

BCG Bacillus Calmette—Guérin

CT Computed tomography

CTU Computed tomographic urography
HIV ~ Human immunodeficiency virus
HSG Hysterosalpingography

IVU  Intravenous urography

MRI  Magnetic resonance imaging
PET  Positron-emission tomography
TB Tuberculosis

US Ultrasound

1 Introduction

More than a century after the isolation of the
causative organism Mycobacterium tuberculosis,
tuberculosis (TB) continues to produce consider-
able patient morbidity and mortality globally.
Although developing countries bear the brunt of
the disease at present, the emergence of the
human immunodeficiency virus (HIV) epidemic,
multidrug resistance, and population migration
have caused a resurgence in the developed coun-
tries. Countries in South-East Asia and Africa are
particularly affected (Chakaya et al. 2021).
Annually, 15-40% of patients newly infected
with TB have features of extrapulmonary TB
(Kulchavenya 2014; Chakaya et al. 2021). TB
affecting the kidneys, ureters, bladder, prostate,
urethra, penis, scrotum, testicles, epididymis, vas
deferens, ovaries, fallopian tubes, uterus, cervix,
and vulva were initially grouped as “genitouri-
nary TB.” Currently, the term “urogenital TB” is
preferred because renal and urinary tract TB is
more common than genital TB (Kulchavenya
et al. 2016).

The proportion of urogenital TB among all
forms of extrapulmonary TB reported in the lit-
erature ranges from 15% to 20% in Africa,
Asia, Eastern Europe, and the Russian
Federation, to 2-10% in Western Europe and
the USA (Muneer et al. 2019). The urogenital
tract is among the most common sites of
extrapulmonary TB, together with lymph nodes
and pleura (Kulchavenya 2014). Urogenital TB

is a neglected clinical problem and can easily
be undiagnosed owing to non-specific symp-
toms or asymptomatic, chronic and cryptic or
protean clinical manifestations, and a lack of
clinician awareness of the possibility of
TB. Delay in making a diagnosis results in dis-
ease progression and complications. Moreover,
TB has a variety of radiological presentations
that can mimic numerous other disease entities.
A high level of clinical suspicion and familiar-
ity with various radiological features of TB
enables an early diagnosis, hence allowing
commencement of prompt and efficient treat-
ment aimed at reducing patient morbidity.

In this chapter, we describe the pathogenesis,
clinical features, imaging findings, and differen-
tial diagnosis of urogenital TB, including the uri-
nary system, and both male and female genitalia.
Imaging findings and the differential diagnosis of
adrenal and breast TB are also described.

2 Pathophysiology

Following primary infection, the mycobacteria
evoke a complex array of immune responses,
which result in either elimination (eradication) or
containment via primary granuloma formation.
Primary tuberculous lesions are mostly found in
the lungs, tonsils, or intestines. In the majority of
people with primary infection, the mycobacteria
are eventually either eliminated or contained as
latent TB infection which is still at risk of reacti-
vation (Furin et al. 2019). If no containment
occurs at this stage, the mycobacteria can seed to
all organs of the body. This is known as
extrapulmonary TB, and accounts for 5-10% of
people with the primary disease (Chakaya et al.
2021).

The main route of urogenital infection is via
the blood and lymphatic systems. Mycobacteria
can lodge in urogenital organs and form granulo-
mas, such as at the corticomedullary junction of
kidney or epididymal tail. These granulomas,
with or without caseous necrosis, remain stable
for many years. But if reactivation or disease pro-
gression occurs, further tissue destruction can be
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extensive, with resultant cavities or abscesses
which can drain into surrounding tissues and
form fistulae. Calcification, scarring, and fibrosis
are manifestations of the healing process. The
result of the disease is destruction, loss of func-
tion, and calcification of the target organ. Imaging
findings are therefore widely variable, depending
on the extent and stage of the disease.

Urinary spread from infected urine and semen
is common and can cause multiple secondary
infections in the lower urinary tract and genitalia.
The different routes for tuberculous infection in
the upper urinary tract and female genitalia are
commonly initiated by hematogenous or lym-
phatic spread. However, in the lower urinary tract
and male genitalia, TB can result from both
hematogenous and urinary spread (Muttarak
et al. 2005; Muneer et al. 2019).

The lower urinary tract and male genitalia
may be complicated by iatrogenic Bacillus
Calmette—Guérin (BCG)-induced urogenital TB,
especially affecting the bladder and prostate.
BCG is, in fact, attenuated Mycobacteria bovis,
and is widely used for intravesical therapy of
superficial bladder cancer but less than 5% of
patients treated have complications (Lamm et al.
1986). In rare cases, BCG sepsis is possible and
live BCG vaccination in immunosuppressed indi-
viduals can also cause local and disseminated
BCG disease (Furin et al. 2019). Other rare
modes of urogenital TB that have been reported
include congenital transmission (including trans-
placental transmission via blood or lymphatics
from a mother with active TB or ingestion of
Mycobacterium-infected amniotic fluid during
birth), sexual transmission from an ulcer or secre-
tion of infected partners, and accidental inocula-
tion (Muneer et al. 2019).

3 Clinical Features
and Complications

Urogenital TB can present at any age in men and
women. However, owing to the long latency
period before reactivation, it commonly affects
those aged 30-50 years and is infrequently

reported in children (Chattopadhyay et al. 1997).
Risk factors for developing TB after infection
include malnutrition, HIV infection, diabetes
mellitus, chronic renal and liver disease, alcohol
and substance abuse, smoking, homelessness,
poor housing, pneumoconiosis, genetics, vitamin
deficiency, immunosuppressive drugs, renal
transplantation and dialysis (Kulchavenya et al.
2016; Furin et al. 2019).

Urogenital TB can present with a range of
clinical manifestations, from asymptomatic, sub-
clinical, non-specific symptoms and signs, to
complications such as obstructive uropathy and
renal failure (Figueiredo et al. 2008). The latent
period between the primary infection and clinical
presentation varies from 5 to 40 years, resulting
in an insidious disease onset (Kulchavenya and
Kholtobin 2015; Ramachandran et al. 2021). A
large percentage of urogenital TB remains sub-
clinical and has probably never been diagnosed
ante-mortem (Zachoval et al. 2018). In addition,
up to 50% of cases are diagnosed incidentally
when patients are investigated for a range of
other urinary tract and genital disorders (Muneer
et al. 2019).

Urogenital TB can occur concurrently in up to
20% of individuals with evidence of either active
or inactive pulmonary TB (Yadav et al. 2017).
Clinical and autopsy studies have shown that uni-
lateral involvement is more common, but bilat-
eral disease and combined involvement of urinary
and genital infections can also occur
(Chattopadhyay et al. 1997; Figueiredo et al.
2008). Genital TB coexists with urinary tract
involvement in two-thirds of affected cases
(Yadav et al. 2017). As a rule, all patients with
genital TB should be screened for urinary tract
involvement and vice versa, as well as for pulmo-
nary involvement.

Urogenital TB can cause many complications,
including chronic renal failure, stricture, fistulous
formation from the urogenital tract to adjacent
organs and skin, obstructive uropathy, infertility,
sexual dysfunction, and urinary bladder dysfunc-
tion. A high clinical awareness of the possibility
of underlying TB is therefore important. Some
clinical features should raise the suspicion of
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urogenital TB, especially in patients with risk
factors, history of TB contact, or active or cured
infection (Kulchavenya et al. 2016). These
include:

— Urinary tract infection (UTI) with frequent
recurrences and resistance to standard antibi-
otic therapy.

— UTI with persistent dysuria and decreasing
bladder volume.

— Sterile pyuria is present on urine examination.

— Leucocytes in all portions of a three-glass test
in a patient with epididymo-orchitis.

— Chronic epididymitis or chronic prostatitis that
does not resolve with standard antibiotics.

— Pyospermia and/or hematospermia.

— Scrotal, perineal, and lumbar fistulas.

4 Imaging Features
and Differential Diagnosis

The role of imaging in urogenital TB is to help
localize the site of disease or tissue destruction,
assess the extent of involvement, monitor
response to treatment, and discover complica-
tions. Imaging is also useful for guiding tissue
sampling and drainage.

Abdominal and chest radiographs are initial
investigations in the diagnostic work-up for uro-
genital TB. All patients with urogenital TB
should undergo a chest radiograph to look for
concurrent active pulmonary TB. Abdominal or
chest radiographs may show abnormalities
caused by active TB or healed TB in up to 50% of
patients with urogenital TB (Merchant et al.
2013). Evidence of chronic active TB or previous
healed TB often manifests as calcifications in the
lung, hilar lymph nodes, kidney, spleen, liver, and
adrenal glands.

Positron-emission tomography (PET) imag-
ing wusing [Fluorine-18]-fluoro-2-deoxy-D-
glucose (BF-FDG) can provide functional
information about sites with active inflamma-
tory and immune cells that use glucose during
metabolism (Subramanyam and Palaniswamy
2015). PET/CT can help identify multifocality
of tuberculous disease, but there are limitations

to reaching a specific diagnosis. PET/CT can-
not distinguish TB from cancer and other infec-
tions because FDG is taken up by all
metabolically active cells (Subramanyam and
Palaniswamy 2015; Gambhir et al. 2017). PET/
CT may have a role to help to localize disease
sites for guiding biopsies and monitoring treat-
ment response.

Intravenous urography (IVU) has long con-
tributed to the diagnosis of urinary TB and many
radiologists, particularly the more senior ones,
are familiar with its findings. However, IVU is
infrequently used nowadays and has been
replaced by cross-sectional imaging, including
computed tomography (CT), magnetic resonance
imaging (MRI), and ultrasound (US) imaging.
These cross-sectional techniques can provide
information regarding changes in the renal paren-
chyma, surrounding tissues, and genital organs
that are not readily visualized on IVU (Kenney
1990; Wang et al. 1997).

Cross-sectional imaging also provides more
anatomical details and IVU may not be able to
optimally evaluate the collecting system in
obstructive uropathy, especially in patients with
poor renal excretory function. In addition, the
involvement of the other organs included in the
cross-sectional images can help to suggest a
diagnosis of tuberculous infection, such as spon-
dylodiscitis or lung infection. US imaging is also
a useful modality to identify abscesses and pro-
vide real-time guidance for drainage and tissue
sampling. In this chapter, we will focus on cross-
sectional imaging of urogenital TB.

4.1 Urinary Tract Tuberculosis

It is important to understand the pathological
basis for disease in order to understand the radio-
logical features of urinary tract TB. Mycobacterium
tuberculosis bacilli lodge in the corticomedullary
junction of the kidney during hematogenous seed-
ing, and form cortical granulomas. If the disease
progresses or reactivates, the organisms spread
into the medulla causing papillitis. As the disease
progresses, extensive papillary necrosis may
develop, with the formation of frank cavities
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destroying the renal parenchyma, and may then
extend into the pelvicalyceal system, ureter and
urinary bladder, respectively.

Advanced disease leads to cortical scarring,
parenchymal atrophy, and infundibular and pel-
vic strictures causing caliectasis. Single or mul-
tiple calyces may be involved in one or both
kidneys. The end result of the disease is atrophy,
loss of function, and dystrophic calcification of
the kidney. The process may spread beyond the
kidney with perinephric and retroperitoneal
involvement, and fistulas may extend into the
gastrointestinal tract or to the skin.

Up to 50% of patients with renal TB have ure-
teric involvement and up to 21% have bladder TB

(Figueiredo et al. 2008). Bladder TB can also
spread from male genital TB (secondary infec-
tion) or less commonly, primary infection from
hematogenous spread or intravesical BCG ther-
apy (Figueiredo et al. 2008; Kulchavenya et al.
2016). Hence, concomitant abnormal imaging
findings along the urinary tract support the infec-
tious process of TB.

Currently, CT urography (CTU) is progres-
sively replacing IVU for the assessment of uri-
nary lesions and new techniques have been used
for improving the assessment of renal and urinary
tract lesions including multiplanar reconstruction
(MPR) (Fig. 1a, b, and d), maximum intensity
projection (MIP) (Fig. 1e), and curved reformatted

Fig. 1 Urinary tract TB. Coronal CT images of the (a)
nephrographic and (b) excretory phases show a cavity in
the renal medulla of the left kidney on the nephrographic
phase (arrow) with late opacification by iodinated urine in
the excretory phase (arrow), representing papillary necro-
sis. The pelvicalyceal system shows thickened wall, lumi-
nal narrowing (arrowheads) and caliectasis which may be
opacified (black asterisk) or nonopacified (white asterisk)
on the excretory phase. Filling defect within the renal pel-
vis is observed (open arrow). (¢) Longitudinal US image
taken 1 year after treatment shows caliectasis and a con-

tracted renal pelvis (arrowhead) in the upper pole.
Moderate hydronephrosis in the lower pole and hydroure-
ter (arrow) is due to distal ureteral stricture. (d) Coronal
CT image of the nephrographic phase taken 2 years after
treatment shows multiple infundibular strictures (arrow-
head) with parenchymal atrophy and the nonopacified
caliectasis in the upper pole of the left kidney, appearing
as a multiloculated cyst. (e) Coronal MIP CT image of the
excretory phase, also obtained at 2 years, shows a beaded
appearance of the left ureter
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Fig.1 (continued)

images (Gaudiano et al. 2017) (Fig. 2a, b). CTU
allows the detection of almost all the radiological
signs of urogenital TB with great accuracy. The
main limitation of CTU is its inability to identify
very early changes such as small parenchymal
granulomas (<3 mm), subtle urothelial thicken-

ing, and minimal papillary necrosis (Merchant
et al. 2013). MRI may be used to evaluate renal
parenchymal change due to its superior soft tis-
sue resolution compared to CT and US imaging,
especially in patients with impaired renal func-
tion (Fig. 3a—d).
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Fig.2 TB of the urinary tract and male genitalia. Curved
MPR images taken in the (a) coronal and (b) sagittal
oblique planes of the nephrographic phase show thick-
ened wall and fat stranding along the left pelvicalyceal
system and ureter. Marked thickened wall with luminal
narrowing at the distal ureter (arrows) causes mild
upstream hydroureteronephrosis. There is a wall thicken-
ing and fat stranding involving the urinary bladder and left
seminal vesicle (arrowheads) with an abscess in the pros-
tate gland (open arrow). (¢) Transverse US image shows

thickened wall of the urinary bladder and a fluid collec-
tion in the prostate gland (open arrow). (d) Axial contrast-
enhanced CT image of the lower pelvis taken 1 year after
treatment shows decreased degree of wall thickening of
the urinary bladder and seminal vesicles with new calcifi-
cations (arrows) in both seminal vesicles. (e) Right tube
nephrography obtained 1.5 years after treatment shows
right distal ureteric stricture (arrow) and a small capacity
bladder causing marked upstream hydroureteronephrosis
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Fig. 3 TB of the urinary tract and male genitalia. Axial
fat-suppressed (a) T2-weighted and (b) contrast-enhanced
T1-weighted and coronal (c) T2-weighted and (d)
contrast-enhanced fat-suppressed T1-weighted MR
images show a large subcapsular abscess (asterisks) in the
right kidney and a parenchymal abscess ruptured into
right perinephric space (arrow in b). There is focal hypo-
perfusion in renal parenchyma (open arrow in b). A small
granuloma with central caseous necrosis in renal paren-

chyma at the lower pole (arrow in d) is not well seen on
the T2-weighted image (c¢). Thickened wall of the right
upper ureter is also present (arrowhead). (e) Coronal fat-
suppressed T2-weighted MR image of the pelvis shows
thickened wall of the right distal ureter (arrowhead) and
urinary bladder. (f) Axial T2-weighted MR image of the
prostate gland shows diffuse, radiating hypointense
streaks in the peripheral zone (watermelon skin sign)
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4.1.1 Renal Tuberculosis

The radiological changes of renal TB can be
divided into parenchymal and collecting system
involvement. In about two-thirds of patients with
renal TB, multiple abnormalities are present
(Kenney 1990). Concomitant parenchymal and
collecting system involvement is suggestive of
the diagnosis.

In the acute phase, imaging findings are indis-
tinguishable from nontuberculous infection.
Features of parenchymal involvement include
focal hypoperfusion (Fig. 3b), granuloma, papil-
lary necrosis (Fig. la, b), and abscess. Focal
hypoperfusion due to localized tissue edema and
vasoconstriction is caused by active inflamma-
tion. Cortical granulomas can be seen as solid
hypoenhancing masses in the parenchyma
(Fig. 3d). In rare cases, a single nodule or multi-
ple nodules can be seen in the renal parenchyma
without other urinary tract involvement; this is
known as the pseudotumoral type (Jung et al.
2005). This type may mimic renal neoplasms and
lead to unnecessary surgery.

Rupture and caseation of granulomas result in
cortical abscesses which may extend to the sub-
capsular or retroperitoneal spaces (Fig. 3a—d).
For collecting system involvement, imaging may
show an uneven appearance, with a thickened
wall with increased contrast enhancement
(Figs. la, b and 2a, b). Filling defects secondary
to the accumulation of granulomatous material
within the lumen may be observed (Gaudiano
et al. 2017) (Fig. 1b).

In the chronic phase, healing of acute inflam-
mation results in multifocal strictures and calcifi-
cation, which are considered characteristic
features and suggest the diagnosis. Development
of infundibular and renal pelvic stricture (Fig. 1d)
is a common finding and is almost pathogno-
monic of TB (Kenney 1990). The stricture causes
uneven caliectasis that may be opacified or
nonopacified (known as phantom calyx on IVU)
by iodinated urine, depending on the excretory
function of that segment of the kidney (Muttarak
et al. 2005) (Fig. la, b). Various patterns of
hydronephrosis can be seen, depending on the

Fig. 4 Tuberculous autonephrectomy. IVU image shows
a nonfunctional and atrophic right kidney with extensive
lobar calcifications (putty kidney). This typical appear-
ance of end-stage renal TB is also called autonephrec-
tomy. Normal excretory function of the left kidney is

noted. (Courtesy of Associate Professor Kobkun
Muangsomboon, Faculty of Medicine, Siriraj Hospital,
Mahidol University, Bangkok, Thailand)

site of the stricture, and includes caliectasis.
When the renal pelvis and ureter are involved,
associated hydronephrosis becomes severe
(Fig. 1c, d). In long-standing TB, as atrophy of
the renal parenchyma and hydronephrosis pro-
gresses, the kidney loses its morphology and
appears as multiple thin-walled cysts or as a mul-
tiloculated cyst (Jung et al. 2005) (Fig. 1d).

Calcification is present in >50% of patients
with renal TB, and CT is the best imaging modal-
ity to detect this (Wang et al. 1997; Merchant
et al. 2013). In end-stage TB, extensive lobar cal-
cifications involving the entire kidney are seen;
known as “putty kidney” which is a characteristic
finding (Dyer et al. 1998) (Fig. 4). Other patterns
of renal calcification in TB include amorphous,
spotted, curvilinear, and triangular ring-like cal-
cifications within the collecting system, repre-
senting papillary necrosis (Muttarak et al. 2005).
A range of differential diagnosis for renal calcifi-
cation should be considered, such as helminth
infections, healed renal abscesses, renal calculi,
and aneurysms of the renal artery (Kenney 1990;
Dyer et al. 1998).

US imaging has less sensitivity than CT or
IVU because of difficulties in detecting subtle
pelvicalyceal or ureteric changes, difficulties in
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recognizing isoechoic parenchymal masses or
infiltrative parenchymal disease, lesser sensitiv-
ity to calcifications, and inability to evaluate the
function of the kidney (Vijayaraghavan et al.
2004). However, US imaging can be used as a
screening modality for the upper urinary tract in
suspected instances of TB (Rui et al. 2008)
(Fig. 1c).

4.1.2 Ureteric Tuberculosis

TB of the ureters can involve any part of the ure-
ter, although the lower third is the most frequently
affected site, followed by the pelviureteric junc-
tion (Goel and Dalela 2008) (Figs. 2e and 3e).
Early ureteric infection produces ulcers causing
mucosal irregularity. Fibrosis occurs during the
healing process which causes ureteric stricture. A
long segment of a thickened wall with increased
contrast enhancement of the ureter can be seen on
imaging during the acute stage (Fig. 2a, b).
Ureteric involvement by itself, i.e., without renal
TB, has not been described (Muneer et al. 2019).
Hence, isolated ureteric involvement raises the
possibility of urothelial tumor in the differential
diagnosis, in particular when there is short seg-
mental involvement. Multiple strictures may pro-
duce a series of alternating dilatations and
narrowing, giving a beaded appearance which is
the typical sign of ureteric TB (Muttarak et al.
2005) (Fig. le). As the areas of fibrosis coales-
cence, the ureter appears shortened and straight-
ened, producing a pipe-stem appearance.

4.1.3 Tuberculous Cystitis

Urinary bladder involvement usually manifests
initially as interstitial cystitis, which leads to
mucosal ulceration and mural thickening
(Figs. 2a—c and 3e). If there is nodular, mass-like
or asymmetrical wall thickening, urothelial can-
cer is an important differential diagnosis and tis-
sue sampling is required. Mucosal edema at the
trigone of bladder TB can cause ureteric obstruc-
tion without ureter involvement. In advanced dis-
ease, inflammation progresses to involve the
muscular layer, and subsequent mural fibrosis
leads to wall thickening and a contracted bladder
(thimble bladder) which is the most common

imaging appearance (Merchant et al. 2013)
(Fig. 2e). Advanced bladder involvement also
may be complicated by vesicoureteric reflux due
to fibrosis at the ureteric orifice (Jung et al. 2005).
In rare cases, calcifications of the bladder wall
may be seen, which must be differentiated from
other causes of bladder calcifications, such as
schistosomiasis of the bladder, cyclophospha-
mide cystitis, radiation-induced bladder calcifi-
cation, calcified bladder carcinoma, or encrusted
foreign body (Harisinghani et al. 2000).

4.2 Male Genital Tuberculosis

The epididymis and prostate are the most fre-
quently affected sites of male genital TB
(Ramachandran et al. 2021). Most cases of epi-
didymal and prostate TB occur by the hematog-
enous route from a primary focus in the lungs or
kidneys, and urinary spread from infected urine
and semen (Borthwick 1946). Thus, prostatic TB
commonly coexists with renal and scrotal TB,
and hence should be screened for concomitant
involvement (Kulchavenya et al. 2014). CT has a
limited role in male genital TB.

4.2.1 Tuberculous

Epididymo-orchitis

The epididymis is the most common site of clini-
cally evident genital TB (Borthwick 1946). The
involvement is usually unilateral, although bilat-
eral involvement may be seen in 25-40% of cases
(Ramachandran et al. 2021). The presence of a
nontender scrotal testicular mass with hard con-
sistency or scrotal edema is suggestive of scrotal
TB but clinically differentiating this from malig-
nant swelling can be difficult (Yang et al. 2001).
Scrotal fistulae and sinuses discharging pus are
suggestive of TB (Muttarak et al. 2001; Yang
et al. 2001).

Epididymal infection usually begins in the
tail, due to its rich vascularity and predisposi-
tion to frequent urinary reflux. Infection is lim-
ited to the epididymal tail in 40% of cases
(Ramachandran et al. 2021). As the infection
progresses, the body and head are involved and
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Fig. 5 Tuberculous epididymo-orchitis. (a) Longitudinal
and (b) transverse US images of the left hemiscrotum
show diffusely enlarged heterogeneously hypoechoic epi-

abscess formation occurs. Testicular involve-
ment is less common and occurs by contiguous
spread from the epididymis (epididymo-
orchitis), particularly if appropriate treatment
has not been initially given. Rupture of the
abscess through the scrotal skin leads to sinuses
and fistulae.

US imaging is the best imaging modality for
assessing the epididymis, testis, and scrotum.
Tuberculous epididymitis can be seen as dif-
fusely enlarged homo- or heterogeneously
hypoechoic (Figs. 5a and 6a—c), and nodular
enlarged heterogeneously hypoechoic lesions
(Muttarak et al. 2001) (Fig. 7a, b). The bipolar
form involving the epididymal tail and head, with
sparing of the body, has also been reported (Drudi
et al. 1997). US imaging features of tuberculous
orchitis include a diffusely enlarged homo- or
heterogeneously hypoechoic testis (Figs. 5a, b
and 6¢), nodular enlarged testis with a heteroge-
neously hypoechoic testis, and multiple small
hypoechoic nodules in the enlarged testis produc-
ing a miliary pattern (Drudi et al. 1997; Muttarak
et al. 2001) (Fig. 6a, b).

On US imaging, most cases have a heteroge-
neous texture due to admixture of inflammatory
edema, granulomas, caseation, and fibrosis.
Other US imaging features of scrotal TB include
hydrocele (Figs. 5b and 7a), scrotal wall thicken-

didymis (arrows) and testis with calcification (arrow-
head). Overlying skin thickening and a large septated
hydrocele (H in b) are also seen

ing (Figs. 5a, b and 8a, b), scrotal wall abscess
(Fig. 8a, b), sinus tract formation (Fig. 8a, b),
and intrascrotal extratesticular calcifications
(Muttarak et al. 2001) (Figs. 5a and 7a, b).

The US features of tuberculous epididymo-
orchitis must be differentiated from nontubercu-
lous infection and tumor. The presence of skin
thickening and epididymal involvement in con-
junction with testicular lesions is suggestive of an
infection rather than a tumor because orchitis is
almost always caused by epididymitis. Isolated
tuberculous orchitis is extremely rare and in such
cases, primary testicular malignancy needs to be
ruled out. Nontuberculous epididymitis is more
likely to be homogeneous (Fig. 9) with a higher
degree of blood flow around the abscess, whereas
tuberculous epididymitis is usually heteroge-
neous or nodular (Yang et al. 2001). Moreover,
epididymal tumor also tends to be homogeneous
and less commonly encountered, compared to
infection (Yang et al. 2003). Failure of conven-
tional antibiotic therapy with the presence of the
aforementioned US features is suggestive of
tuberculous epididymo-orchitis.

4.2.2 Tuberculous Prostatitis

The large majority of patients with tuberculous
prostatitis are asymptomatic, resulting in signifi-
cant underestimation of the true prevalence
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Fig. 6 Bilateral tuberculous epididymo-orchitis.
Longitudinal (a) gray-scale and (b) color Doppler US
images of the left hemiscrotum show an enlarged hetero-
geneously hypoechoic epididymis (arrow) with concomi-
tant multiple small hypoechoic nodules in the testis,
compatible with a miliary pattern. Increased vascular flow
in epididymis and testis is also seen. (¢) Longitudinal US
image of the right hemiscrotum shows an enlarged hetero-
geneously hypoechoic epididymis (arrow) and testis

(Muneer et al. 2019). Many cases are incidentally
detected during work-up for urinary tract TB or
prostate cancer using multiparametric MRI, or
retrospectively during pathological analysis of a
transurethral resection specimen. Clinical symp-
toms and digital rectal examination are non-spe-
cific. An indurated prostate during the digital
rectal examination and elevated serum prostate-
specific antigen levels may be found, and hence
be mistaken for prostate cancer.

Fig. 7 Tuberculous epididymitis. (a) Longitudinal and
(b) transverse US images of the left hemiscrotum show
nodular enlargement in the epididymal tail with a hetero-
geneously hypoechoic pattern and rim calcifications
(arrows). Small hydrocele (asterisk) is also seen. The epi-
didymal head (E) and testis (T) appear normal

Multiparametric MRI is the best imaging
modality to assess the prostate, seminal vesicles,
and ejaculatory ducts. MRI is more sensitive than
CT and US imaging for demonstrating tubercu-
lous prostatitis, which has two distinct imaging
appearances, namely nodular and diffuse forms.
In the nodular form, one or multiple enhancing
small, markedly T2-hypointense nodules are pres-
ent in the peripheral zone (Fig. 10a—c). The mark-
edly hypointense T2 signal (signal slightly higher
than muscle) is characteristic of TB, differentiat-
ing from prostate cancer (Engin et al. 2000; Cheng
et al. 2015). This T2-hypointense signal has been
attributed to macrophage-laden oxygen free radi-
cals in granuloma or fibrosis, and should be dis-
tinguished from calcification. Diffusion restriction
can be variable in nodular form (Bour et al. 2013;
Cheng et al. 2015) (Fig. 10d).
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Fig. 8 Tuberculous epididymitis with sinus tract and
scrotal wall abscess. (a) Transverse US image of the right
hemiscrotum shows thickening of the scrotal skin, and an
enlarged heterogeneously hypoechoic epididymis with a

Fig. 9 Bacterial epididymo-orchitis. Longitudinal US
image of the left hemiscrotum shows a diffusely enlarged
homogeneously hypoechoic epididymis (arrows) and tes-
tis (T). Scrotal skin thickening is also seen

The diffuse pattern is more common and
characterized by diffuse glandular enlarge-
ment, T2-hypointensity, mild-moderate
enhancement and diffusion restriction; and
may be indistinguishable from bacterial pros-
tatitis (Cheng et al. 2015). Streaky, diffuse, and
radiating areas of hypointense signal in the
prostate (referred to as “watermelon skin”) on
T2-weighted MR images has been reported to
be specific for tuberculous prostatitis (Engin
et al. 2000) (Fig. 3f). Evolving abscesses, more
common in HIV patients, are identified as
T2-hyperintense foci showing marked central
diffusion restriction and rim enhancement
(Ramachandran et al. 2021) (Fig. 11a—d). The

sinus tract extending to the scrotal wall (arrows). (b)
Corresponding transverse color Doppler US image shows
nonvascularized areas within the epididymis and scrotal
wall which represent abscess formation

abscesses and inflammatory soft tissue can also
be identified on CT. These findings are not spe-
cific for TB and cannot be distinguished from a
pyogenic abscess in the absence of calcifica-
tions (Wang et al. 1997) (Fig. 2b). The seminal
vesicles and the vas deferens also can be
involved by TB, with cross-sectional images
showing wall thickening, contraction, or intra-
luminal or wall calcifications (Jung et al. 2005)
(Fig. 2b, d).

Extraprostatic extension may be found in both
prostate cancer and florid granulomatous prosta-
titis. Deformation of the prostate contour and
marked early contrast enhancement are features
of malignancy (Ramachandran et al. 2021). MR
spectroscopy is useful in differentiating TB from
malignancy. Since malignant cells show elevated
choline due to increased cell turnover and lose
the ability to synthesize citrate, the choline-to-
citrate ratio is elevated in malignancy beyond two
standard deviations (>0.86) (Chen et al. 2010).
Tuberculous abscesses may show a lipid-lactate
peak.

Transrectal ultrasonography (TRUS) can also
be used to evaluate prostate TB. Common find-
ings in prostate TB on TRUS are poorly defined
hypoechoic areas in the posterolateral peripheral
zones (Engin et al. 2000). US-guided prostate
biopsies of the hyperechoic lesions are required
to confirm the diagnosis and exclude an underly-
ing adenocarcinoma (Aziz et al. 2016).
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Fig. 10 Prostatic TB in a 64-year-old asymptomatic man
who had a mild elevation of serum prostate-specific anti-
gen (12 ng/mL) during his annual health check. (a) Axial
and (b) coronal T2-weighted and (c) axial contrast-
enhanced fat-suppressed T1-weighted MR images show a
rectangular-shaped, T2-hypointense focus with moderate

4.3 Female Genital Tuberculosis

The female genitalia are commonly affected by
hematogenous and lymphatic transmission. The
disease can also spread from abdominal and peri-
toneal TB. Genital TB is an important cause of
female infertility in up to 17% of cases, espe-
cially in developing countries (Zhao and Hao

i

enhancement (arrow) in the left posterolateral peripheral
zone of the apex, not causing any prostate contour defor-
mation. (d) The lesion has mildly restricted diffusion on
the  high  b-value  diffusion-weighted  image
(b-value = 1400, arrow). The diagnosis of prostatic TB
was confirmed with histopathological analysis

2014). The majority involve the fallopian tube
(95-100%), endometrial cavity (50-60%), and
ovaries (20-30%); while cervical and vulvovagi-
nal TB are uncommon (Gatongi et al. 2005).
Salpingitis caused by hematogenous dissemina-
tion is almost always bilateral (Engin et al. 2000).

Hysterosalpingography (HSG) is primarily
used for identifying pathology and evaluating
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Fig. 11 Prostatic TB with abscess formation in a 72-year-
old man who had TB epididymo-orchitis and mild raised
serum prostate-specific antigen (10.7 ng/mL). (a) Coronal
T2-weighted and (b) axial contrast-enhanced fat-
suppressed T1-weighted MR images show a round

patency of the uterus and fallopian tube, and is
used for the investigation of infertility (Shah
et al. 2015) (Fig. 12). Most changes are non-
specific and related to chronic inflammation
and fibrosis, including fallopian tube dilatation
from hydrosalpinx or pyosalpinx (Fig. 12a),
tubal stenosis, fallopian tube nodular scarring
(salpingitis isthmic nodosa), endometrial adhe-
sions with deformity, and obliteration of the

T2-hyperintense fluid-pocket in the left posterior periph-
eral zone of the prostate with rim enhancement (arrow),
representing the abscess. Axial (¢) high b-value diffusion-
weighted (b-value = 1400) and (d) ADC images show
restricted diffusion (arrow)

endometrial cavity (Shah et al. 2015). Genital
TB can be suspected when multiple adhesions
are present at the fallopian tubes and uterine
cavity, or when associated calcifications are
observed (Grace et al. 2017).

US and cross-sectional imaging (CT or MRI)
allows simultaneous evaluation of genital organs
and extrapelvic involvement, such as ascites or
thickened peritoneum in associated peritoneal
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Fig. 12 (a) Hydrosalpinges in a 35-year-old woman with
infertility who had history of pulmonary TB. HSG image
shows diffuse dilatation of both fallopian tubes (arrows).
The left fallopian tube is vertically oriented and fixed.
There is no spillage of contrast media into the peritoneal

cavity. (b) Normal HSG image in another patient shows a
normal anteflexed uterus with patent bilateral fallopian
tubes seen as a spillage of contrast media into the perito-
neal cavity

Fig. 13 Left tuberculous salpingitis in a 34-year-old woman. (a) Axial and (b) coronal contrast-enhanced CT images
show a fluid-filled dilated left fallopian tube or hydrosalpinx (arrow)

disease. Presence of a tubo-ovarian abscess that
extends through the peritoneum into the extra-
peritoneal compartment is suggestive of TB but
may mimic ovarian tumor with peritoneal carci-
nomatosis (Engin et al. 2000; Harisinghani et al.
2000) (Figs. 13 and 14). The combination of
abscess formation in the ovary and smooth peri-
toneal thickening supports the diagnosis of TB
over peritoneal carcinomatosis (Fig. 14). The
most frequent finding of tuberculous endometri-
tis is a distended uterine cavity filled with hetero-

geneous material in the acute stage, which is a
non-specific finding (Grace et al. 2017) (Fig. 14).

4.4  Adrenal Tuberculosis

From autopsy studies, adrenal gland infection
accounts for 6% of cases with active TB and is
the most common endocrine organ involved
(Lam and Lo 2001). Bilateral adrenal involve-
ment is expected, due to the hematogenous
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Fig. 14 Endometrial and right ovarian TB in a 38-year-
old woman who had peritoneal TB. (a) Axial and (b) sag-
ittal contrast-enhanced CT images show a prominent
uterus with a fluid-filled uterine cavity and a prominent

‘I

Fig. 15 Bilateral adrenal TB in a 73-year-old woman
with pulmonary TB. Axial (a) unenhanced and (b)
contrast-enhanced CT images show bilateral adrenal
enlargement with homogeneous enhancement. Follow-up

spread of TB. Adrenal TB is one of the common
causes of adrenal insufficiency (or Addison dis-
ease) (Guo et al. 2007). During the early stages,

right ovary (white arrow). There is smooth peritoneal
thickening (black arrows) and soft tissue infiltration of the
omental fat (asterisk), representing peritoneal TB

axial (c¢) unenhanced and (d) contrast-enhanced CT
images obtained at 3 months following anti-TB treatment
show normal adrenal glands

the glands may appear enlarged with necrotic
changes (Fig. 15). Calcifications and atrophy
develop later (Engin et al. 2000; Harisinghani
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Fig. 16 Right tuberculous mastitis in a 36-year-old
woman who presented with a recent palpable lesion. (a)
Bilateral craniocaudal (CC) mammograms show an ill-
defined mass (arrowheads) and trabecular thickening in
right breast. (b) Corresponding color Doppler US image
shows parenchymal edema in the right breast with an
abscess and fistula tract (arrowhead). (Courtesy of Dr.
Tanvi Jakhi, Mammocare, Mumbai, India)

et al. 2000). The radiological differential diagno-
sis includes metastases, lymphoma, primary neo-
plasm, hemorrhage, or other chronic infection
such as histoplasmosis.

4.5 Tuberculous Mastitis

Tuberculous mastitis is a rare manifestation of
extrapulmonary TB. The diagnosis is difficult
because of non-specific clinical and imaging fea-
tures. It is usually overlooked diagnostically and
often misdiagnosed as malignancy or pyogenic

inflammatory disease of the breast (Gon et al.
2013). Tuberculous mastitis may occur by direct
inoculation of bacilli through the lactiferous
ducts, secondary to primary tuberculous infec-
tion elsewhere in the body, or rarely, from direct
extension from TB of the chest wall (Sakr et al.
2004; Teo et al. 2009). The disease commonly
affects women of reproductive age (Shinde et al.
1995; Farrokh et al. 2019). Farrokh et al. (2019)
found the mean age of affected patients to be
33.7 years. Tuberculous mastitis mostly presents
as a painless or painful lump. Infrequent presen-
tations include inflammatory changes such as
skin discoloration, skin ulcer, sinus tract, and
nipple discharge.

There are three forms of mammographic
appearances, namely nodular, diffuse, and scle-
rosing. The nodular form is the most common
finding. The mass can have well-defined margins
mimicking benign breast lesions in the early
stage; while in the later stage, the mass can have
ill-defined or spiculated margins mimicking car-
cinoma (Fig. 16a). The diffuse form is seen as an
area of diffusely increased density with skin
thickening and edema, resembling inflammatory
breast carcinoma. The sclerosing form may
appear as an ill-defined irregular dense mass with
focal or diffuse skin thickening. Associated nipple
retraction and reduced breast volume may occur,
which means that it cannot be differentiated from
malignancy (Sakr et al. 2004; Farrokh et al. 2019).
If there is localized skin thickness and sinus for-
mation associated with an ill-defined breast mass,
breast TB needs to be included in the differential
diagnosis (Baykan et al. 2021) (Fig. 16b). US
imaging can better identify masses hidden by
dense fibroglandular breast tissue at mammogra-
phy, differentiate cystic from solid lesions, hence
adding confidence in excluding malignancy.

In our experience, we have seen many cases of
tuberculous axillary lymphadenitis without evi-
dence of mastitis (Muttarak et al. 2002). We have
also seen a few cases of chest wall TB presenting
as a palpable breast mass (Pattamapaspong et al.
2011). Patients with tuberculous axillary



Imaging of Urogenital, Adrenal, and Breast Tuberculosis 291

Fig. 17 Tuberculous
lymphadenitis in a
49-year-old woman who
had a palpable right
axillary mass. (a) Right
mediolateral oblique
(MLO) mammogram
shows multiple enlarged,
dense axillary nodes
without abnormality in
the breast. US-guided
fine-needle aspiration of
the node showed
caseous necrotic
material with positive
acid-fast bacilli. (b)
Right MLO
mammogram 6 months
following anti-TB
therapy shows smaller
size of the axillary nodes

lymphadenitis most commonly present with a Patients with chest wall TB may present as a
palpable axillary mass, and mammography is palpable breast mass mimicking breast cancer or
usually performed to search for occult breast can-  abscess (Teo et al. 2009; Pattamapaspong et al.
cer. On mammography, tuberculous axillary 2011). Mammography and US imaging are usu-
lymphadenitis appears as large homogeneous ally indicated in women presenting with a palpa-
dense nodes with either well- or ill-defined mar- ble breast mass. On mammography, the mass
gins and may be matted (Fig. 17). These findings may not be distinguishable from cancer or
cannot be differentiated from other causes of abscess. US imaging identifies a fluid collection
lymphadenopathy. The presence of macrocalcifi- rather than a solid mass (Figs. 18 and 19).
cations is suggestive of tuberculous lymphadeni- Nevertheless, CT is more helpful than US to
tis (Muttarak et al. 2002). evaluate the extent of the lesion and identify
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Fig. 18 Chest wall TB in a 49-year-old woman who had
a history of tuberculous arthritis and presented with a pal-
pable left breast mass. (a) Left craniocaudal (CC) mam-
mogram shows a circumscribed high-density mass at the
posterior inner quadrant. (b) Composite US images show

associated chest wall and intrathoracic lesions
(Figs. 18c and 19c).

5 Diagnosis Confirmation

The diagnosis is established by the demonstra-
tion of acid-fast bacilli or positive cultures from
the urine, semen, pus, or biopsy specimens.
However, the diagnostic yield is often not satis-
factory because of the paucity of microorgan-
isms. The diagnostic yield of urine microscopy is
about 10% and urine culture is about 30-40%
(Berta et al. 2011). At least three, but preferably
five, serial microbiological studies with early
morning urine (including postejaculate and

an ill-defined hypoechoic collection at the posterior aspect
of the breast. (¢) Axial contrast-enhanced CT image
shows an ill-defined hypodense mass lesion with connec-
tion (arrow) to the costochondral junction

postmassage urine), ejaculate and prostate secre-
tion, including smears and cultures, should be
performed to confirm the diagnosis of urogenital
TB (Kulchavenya et al. 2016).

Molecular methods examining for the presence
of M. tuberculosis-specific DNA in biopsy speci-
mens or urine samples provide more reliable diag-
nostic results and early identification of
drug-resistant strains (Kohli et al. 2018; Chen
et al. 2019). Histological finding of granulomatous
inflammation, although non-specific, helps to sug-
gest the diagnosis of TB. Identification of acid-fast
bacilli in tissue specimens does not confirm that
the organism is mycobacterium, and confirmation
by culture or molecular methods is still required
(Muneer et al. 2019). In patients suspected of
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Fig. 19 Tuberculous pyomyositis in a 53-year-old man
who had a history of disseminated TB and presented with
bilateral breast enlargement. (a) Bilateral craniocaudal
(CC) mammograms show bilateral gynecomastia and an
enlarged, dense left pectoralis muscle. (b) US image of

having urogenital TB, but without documented
evidence of mycobacterium, the diagnosis of uro-
genital TB has to be made based on other features
such as histological findings, imaging findings, or
clinical features (Kulchavenya et al. 2016).

6 Treatment

Generally, urogenital TB is treated with anti-TB
drugs, similar to pulmonary TB. Drug-sensitive
TB requires 6-9 months of World Health
Organization (WHO)-recommended standard
treatment regimens (Furin et al. 2019). Drug-
resistant TB requires 12-24 months of therapy

the left breast shows a hypoechoic mass in the pectoralis
muscle. (¢) Axial contrast-enhanced CT image shows
enlargement of the left pectoralis muscle with an irregular
hypodense mass and calcification (arrow)

with toxic drugs with close monitoring (Furin
et al. 2019). Surgical management is an adjunc-
tive treatment for certain circumstances, such as
drainage of abscess, correction of urinary tract
obstruction, resection of nonfunctioning kidney,
correction of tubal obstruction, or neobladder
creation for a contracted bladder (Bansal and
Bansal 2015).

Surgical treatment is required in up to 50%
of patients during or after anti-TB drug therapy
(Kulchavenya 2013). Patients with urogenital
TB should be followed up for control or eradica-
tion, or if symptoms persist or recur after com-
pletion of the therapy. Patients should be seen
every 6 months for 1-3 years, depending on the
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form and stage of the disease (Bansal and Bansal
2015). Serial monitoring with US imaging or
IVU enables an early diagnosis of progression
or worsening of hydronephrosis, enabling early
surgical intervention (Bansal and Bansal 2015).
Following the full course of the therapy, patients
should be under surveillance for 3-5 years, with
an annual check-up for relapse (Kulchavenya
2013).

7 Conclusion

Urogenital TB remains a neglected clinical prob-
lem due to its cryptic and protean clinical mani-
festations. Imaging findings are widely variable,
and depend on the extent and stage of the disease.
However, concomitant involvement along the
urogenital tract with combined stricture and dila-
tation of the collecting system, calcification, and
sinus tract formation are suggestive of
TB. Combined with the appropriate clinical con-
text, imaging can support the diagnosis of uro-
genital TB, as well as guide tissue sampling
which is still required for a definitive diagnosis.
Knowing these characteristic imaging findings
can lead to early diagnosis and help establish
prompt and efficient treatment.
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Abstract

Spinal tuberculosis remains frequent in low-
and middle-income countries, with an
increased incidence of infections having been
recently observed in developed countries. It
represents 25-60% of all musculoskeletal
tuberculosis. Tuberculous spondylodiscitis
(also called Pott disease), isolated tuberculous
vertebral osteomyelitis and primitive neural
arch tuberculosis are the three main anatomico-
radiological patterns. Magnetic resonance
imaging is the gold standard imaging tech-
nique for the assessment of spinal tuberculo-
sis, allowing an early and precise diagnosis. In
the absence of early and adequate treatment,
the disease may progress, leading to spinal
deformities and/or neurological impairment.
The diagnosis is usually straightforward when
the patient already has existing extraskeletal
tuberculosis. Otherwise, spinal tuberculosis is
typically confirmed by bacteriological and/or
histopathological tests.
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Abbreviations

AFB  Acid-fast bacilli

CT Computed tomography

MRI  Magnetic resonance imaging
TB Tuberculosis

1 Introduction

Tuberculosis (TB) remains endemic in most
developing countries. Its incidence varies
between 191 every 100,000 inhabitants in sub-
Saharan Africa to 237 every 100,000 inhabitants
in South-East Asia (Durieux 1990; Lacut et al.
1995; Billo 1996; Huchon 1997). A resurgence
of TB, with a rising incidence of spinal TB, has
also been reported in the recent decades. Since
1980, cases in the industrialized countries of
Europe and the USA have emerged, mainly in
immigrants from endemic countries with a high
prevalence of TB, in some groups with poor
social conditions and in immunocompromised
patients, such as those with acquired immunode-
ficiency syndrome (AIDS) (Durieux 1990; Ait
Khaled et al. 1997; Garg and Somvanshi 2011;
Moon 2014).

2 Epidemiology

Musculoskeletal involvement accounts for 1-5%
of all tuberculous locations and 9-19% of
extrapulmonary TB (Eschard et al. 1993; Lacut
et al. 1995; Murray 1996; Ait Khaled et al. 1997,
Bernard and Perronne 1997; Pertuiset et al. 1997,
Moon 2014). Spinal TB represents 25-60% of
musculoskeletal TB (Hamza 1993; Resnick
1995; Cotten et al. 1996; Engin et al. 2000; Tuli
2002; Ben Taarit et al. 2003; De Backer et al.
2006). However, the exact incidence and preva-
lence of spinal TB are unknown in most parts of
the world. Currently, most of the patients with
spinal TB in developed countries are immigrants
from countries where TB is endemic (Garg and
Somvanshi 2011). In Europe, the mean age of
musculoskeletal TB varies from 45 to 72 years in
native patients, and from 27 to 39 years in patients

coming from developing countries (Ait Khaled
etal. 1997). Children are more frequently affected
in developing countries (Lacut et al. 1995; Garg
and Somvanshi 2011). No gender predilection
has been observed in most European and
American series, as the disease involves males
and females equally (A1t Khaled et al. 1997; Garg
and Somvanshi 2011).

3 Pathophysiology

Musculoskeletal TB is generally due to
Mycobacterium tuberculosis. In our experience,
Mycobacterium bovis is observed in about 20%
of cases (Chebbi et al. 2019). Musculoskeletal
TB results from reactivation of a pulmonary pri-
mary infection focus (Murray 1996; Ait Khaled
et al. 1997) after a variable delay, which is usu-
ally shorter in children (Eschard et al. 1993;
Lacut et al. 1995; Ait Khaled et al. 1997; Pertuiset
et al. 1997; Garg and Somvanshi 2011; Moon
2014). Tuberculous bacillus spreads hematoge-
nously and infects the spine, hips, and knees
(Moon 2014). Direct inoculation is rare (Lacut
et al. 1995; Garg and Somvanshi 2011; Moon
2014). Spinal involvement usually results from
hematogenous spread of Mycobacterium tuber-
culosis into the vasculature of the cancellous ver-
tebral body. The primary infection site is usually
either a pulmonary or a genitourinary lesion.
Spread occurs either via the arterial or venous
route (Garg and Somvanshi 2011). The vertebrae
are extremely well vascularized, even in adult-
hood, which may explain the predilection for spi-
nal disease (Agrawal et al. 2010).

Local or general predisposing factors are
noted in 17-50% of cases; including poverty,
overcrowding, illiteracy, malnutrition, alcohol-
ism, drug abuse, diabetes mellitus, chronic hemo-
dialysis, immunosuppressive therapy, and human
immunodeficiency  virus (HIV) infection
(Eschard et al. 1993; Lacut et al. 1995; Ait Khaled
et al. 1997; Moon 2014). However, musculoskel-
etal TB seems to be less frequent compared to
infections due to atypical mycobacteria in people
living with HIV (up to 9%) with severe immuno-
depression (Durieux 1990; Lacut et al. 1995; Ait
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Khaled et al. 1997; Pertuiset et al. 1997; Garg and
Somvanshi 2011; Moon 2014). Genetic suscepti-
bility to spinal TB has recently been demon-
strated, with an association found between FokI
polymorphism in the vitamin D receptor gene
and susceptibility to spinal TB (Garg and
Somvanshi 2011).

4 Anatomico-radiological
Patterns

Three main anatomico-radiological patterns of
spinal TB have been described, namely tubercu-
lous spondylodiscitis, also called Pott disease;
solitary vertebral involvement, also called tubercu-
lous spondylitis or vertebral osteomyelitis; and
primitive neural arch tuberculosis. Spondylodiscitis
indicates the involvement of the disc and vertebra,
and accounts for 47-94% of spinal TB (Davies
et al. 1984; Eschard et al. 1993; Cotten et al. 1996;
Chebbi et al. 2019). Spondylitis or vertebral osteo-
myelitis refers to exclusive involvement of the ver-
tebra, with sparing of the adjacent discs. These
“skip lesions” are due to spread of infection along
the Batson perivertebral plexus of veins (Agrawal
et al. 2010). They may result in a vertebral col-
lapse or extend into the spinal canal (Stabler and
Reiser 2001). Subligamentous extension to con-
tiguous or noncontiguous vertebrae without disc
involvement is quite frequent, resulting in a multi-
level tuberculous spondylitis. In a series of 206
cases of spinal TB, spondylitis accounted globally
for 50%, varying from 30% in autochthonous
inhabitants to 61% in immigrants (Ait Khaled
et al. 1997). In spinal TB studied by MRI, spondy-
litis accounted for 28-54% of cases (Pertuiset
et al. 1999).

Primitive neural arch TB represents 1-37% of
spinal TB. It is characterized by the increased fre-
quency of epidural abscesses, spinal instability,
and spinal cord compression (Eschard et al. 1993;
Cotten et al. 1996; Naim-Ur-Rahaman et al.
1999; Ansari et al. 2001; Stabler and Reiser 2001;
Boussel et al. 2002; Chebbi et al. 2019). Other
patterns of spinal TB seem to be rare, although
limited data are available in the literature.
Subligamentous TB is a rare presentation in

which infection is initially located under the
anterior longitudinal ligament and results in ante-
rior erosion of multiple vertebral bodies with
adjacent abscess formation (Morvan et al. 1998;
Ansari et al. 2001; Stabler and Reiser 2001;
Narlawar et al. 2002; Nassar et al. 2002). This
presentation is more frequently observed in chil-
dren (Sharif et al. 1995; Mahboubi and Morris
2001; Moorthy and Prabhu 2002; Chebbi et al.
2019). Primitive tuberculous epidural abscesses
usually involve males and are located in the tho-
racic spine (Stabler and Reiser 2001; Ben Taarit
et al. 2003). Spinal cord and nerve root involve-
ment may be isolated or associated with spondy-
lodiscitis. They may be observed at any age but
usually occur in young adults (Ben Taarit et al.
2003; Gupta et al. 2015; Mishra et al. 2015).

4.1 Tuberculous Spondylodiscitis
Tuberculous spondylodiscitis was first described
by Sir Percival Pott in 1779.

4.1.1 Pathogenesis

The subchondral bone of the vertebral body ante-
rior corners, which is the most vascularized
region, is usually the initial location of TB. The
disease then extends to the adjacent vertebral
body by contiguity beneath the anterior or poste-
rior longitudinal ligament or through vascular
anastomoses (Eschard et al. 1993; Lacut et al.
1995), causing progressive destruction of the disc
and vertebra (Morvan et al. 1998; Ben Taarit
et al. 2003; Chebbi et al. 2019). More than one
vertebra is usually involved because of spread via
the longitudinal vascular anastomosis. In chil-
dren, the disc can be primarily involved by the
hematogenous route, due to its vascularized
nature (Morvan et al. 1998; Engin et al. 2000;
Rasouli et al. 2012).

The disease may extend to the paravertebral
soft tissues or to the spinal canal (Lacut et al.
1995), where tissue necrosis results in periverte-
bral abscess formation (Narlawar et al. 2002).
Tuberculous abscesses are typically large, sur-
rounded by a smooth wall, and may result in
sinus tract formation (Dorcas and David 1995;
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Huchon 1997). A lack of proteolytic enzymes in
mycobacterial infections, in comparison with
pyogenic infections, has been suggested as the
possible cause of the subligamentous spread and
would also explain the abscess delimitation. The
abscess extension is related to the site of verte-
bral infection, adjacent soft tissue anatomy and
gravity (Resnick 1995). At the cervical spine,
abscesses develop anteriorly and laterally;
whereas thoracic abscesses develop beneath the
longitudinal spinal ligament. Lumbar abscesses

develop along the psoas muscle and may reach
the iliac fossa and the Scarpa triangle. The pres-
ence of central or peripheral calcifications is
characteristic of tuberculous abscesses (Resnick
1995; Naim-Ur-Rahaman et al. 1999; Stabler and
Reiser 2001; Moorthy and Prabhu 2002; Chelli
Bouaziz et al. 2013).

4.1.2 Topography (Fig. 1)
The lower thoracic and upper lumbar spine are
the most frequently involved sites (80%) (Turgut

Craniocervical junction: 2%

Cervical spine: 4-15%

Thoracolumbar junction: 80%

Multilevel/multifocal spinal
involvement: 5-23%

Lumbosacral spine: 2-3%

Fig. 1 Location of spinal tuberculosis
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2001; Ben Taarit et al. 2003; Teo and Peh 2004).
The cervical spine is involved in only 4-15% of
cases (Cotten et al. 1996; Pertuiset et al. 1997)
and the lumbosacral spine in 2-3% of cases
(Pertuiset et al. 1999; Harisinghani et al. 2000;
Moore and Rafii 2001). Multiple vertebrae are
involved in 5-23% of cases, mainly in children,
immigrants, and immunocompromised persons
(Pertuiset et al. 1997; Lamer et al. 1998; Papavero
et al. 1999; Turgut 2001; Colmenero et al. 2004;
Golden and Vikram 2005; Le Roux et al. 2005).
The vertebral body is more frequently involved
than the posterior arch.

4.1.3 Clinical Features

The onset of spinal TB is very gradual and the
clinical presentation is typically insidious. The
delay between the first symptoms and the diagno-
sis has decreased from 6 to 24 months in the past,
to a mean of 3 months in recent studies (Hamza
1993; Pertuiset et al. 1997). Spinal pain, usually
marked, may be mechanical at the early stages,
becoming inflammatory later on (Lacut et al.
1995; Murray 1996; Ben Taarit et al. 2003;
Colmenero et al. 2004). Night sweats are
observed in 20% of cases, with fatigue and grad-
ual weight loss. A moderate evening fever is
observed in about 50% of cases. Neurological
impairment is frequent (35-60% of cases) with
variable patterns and severity (e.g., radicular
pain, paraplegia). Spinal cord compression and
cauda equina syndrome are observed in about
25-30% of cases (Pertuiset et al. 1997). Spinal
TB revealed by a sinus tract is exceptional in
developed countries (Davies et al. 1984; Resnick
1995; Cotten et al. 1996; Pertuiset et al. 1999;
Rasouli et al. 2012). Clinical examination shows
segmental spine stiffness with paravertebral con-
tracture or soft tissue abscesses (15-30% of
cases). Spinal deformity is unusual (Ladeb et al.
2019).
4.1.4 Imaging Features

4.1.4.1 Radiographs

Radiographs are usually the first imaging exami-
nation to be performed when spinal TB is sus-
pected. Subchondral bone resorption and

osteolysis of the anterior vertebral corners are the
first radiographical signs (Fig. 2). As the disease
progresses, large intravertebral cavities continu-
ous with the disc may be observed, typically lim-
ited by thin sclerosis and containing sequestra in
half of the cases (Hamza 1993; Dorcas and David
1995) (Fig. 3). Bone sclerosis is seen less fre-
quently than in brucellar or pyogenic spondylo-
discitis (Moore and Rafii 2001; Stabler and
Reiser 2001; Dinc et al. 2002).

The intervertebral disc height is initially pre-
served. Subsequently, partial or complete disc
narrowing may appear, usually involving the
anterior aspect (Fig. 4). The association of a nor-
mal disc height with intravertebral cavities is
highly suggestive of spinal TB (Davies et al.
1984; Naim-Ur-Rahaman et al. 1999; Mahboubi
and Morris 2001). Spontaneous evolution may

Fig. 2 Tuberculous spondylodiscitis of the lumbar
spine. Lateral radiograph shows narrowing of the inter-
vertebral disc space with subchondral bone resorption
and osteolysis of the adjacent anterior-inferior vertebral
body (arrow)
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Fig. 3 Tuberculous spondylodiscitis of the lumbar spine.
Lateral radiograph shows a large intravertebral cavity at
the superior aspect of L1 vertebral body (black arrow),
continuous with the disc and containing a sequestrum
(white arrow). There is adjacent sclerosis and narrowing
of T12/L1 intervertebral space

result in vertebral collapse or anterior vertebral
fusion, causing subsequent kyphosis (Fig. 5).
Paravertebral abscess of the cervical spine
appears on radiographs as a thickening of the pre-
vertebral soft tissues (Fig. 6); whereas in the tho-
racic spine, it appears as a mediastinal opacity
(Fig. 7) that may extend far from the disco-
vertebral lesion. In the lumbar spine, paraverte-
bral abscess may be seen as convexity of the
lateral aspect of the psoas muscle (Dorcas and
David 1995; Boussel et al. 2002; Dinc et al.
2002).

4.1.4.2 Ultrasound Imaging

Ultrasound imaging has a limited role in the diag-
nosis of spinal TB. It may be used at the cervical
or lumbar level in the assessment of paravertebral
abscesses and/or to guide needle aspiration or
biopsy of these abscesses (Harisinghani et al.
2000) (Fig. 8).

4.1.4.3 Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is the
method of choice for the assessment and follow-
up of spinal TB (Sharif et al. 1995; Ridley et al.

Fig.4 Tuberculous spondylodiscitis of the lower thoracic
spine. (a) Anteroposterior and (b) lateral radiographs
show moderate T10 and mild T11 vertebral body com-

pression, T10/T11 intervertebral disc narrowing with
adjacent end-plate destruction, worse at the T10 vertebra
(arrows)
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Fig. 5 Tuberculous spondylodiscitis of the lumbar spine.
Lateral radiograph shows L1/L2 vertebral fusion with
angular kyphosis

o T g
B ¢ 3
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Fig. 6 Tuberculous spondylitis of the cervical spine.
Lateral radiograph shows compression of C3 vertebral
body and marked thickening of the prevertebral soft tis-
sues (arrows). Note the anterior atlanto-axial subluxation

Fig. 7 Tuberculous spondylodiscitis of the thoracic
spine. Anteroposterior radiograph shows T8/T9 disc nar-
rowing (arrow) with paravertebral soft tissue thickening
(arrowheads)

Fig. 8 Tuberculous spondylodiscitis of the thoracic
spine. Ultrasound image shows a large soft tissue abscess
surrounded by a thin and smooth wall and containing thin
calcifications (arrow)
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Fig.9 Multifocal spinal tuberculosis. (a and b) Coronal and (¢) axial T2-W MR images show multilevel spinal involve-
ment with skip lesions involving the cervical (a), thoracic (¢), and lumbar (b) spine (arrows)

1998; Moore and Rafii 2001; Stabler and Reiser
2001; Boussel et al. 2002; Moorthy and Prabhu
2002; Nassar et al. 2002; Teo and Peh 2004). The
sensitivity of MRI enables early detection of
bone changes before they appear on radiographs
and CT. Moreover, this nonirradiating imaging
method allows an assessment of the whole spine
to look for additional asymptomatic spine loca-
tions, also called “skip infections,” which may
be observed in 16-70% of cases (Cotten et al.
1996; Morvan et al. 1998; Engin et al. 2000;
Harisinghani et al. 2000; Jain 2010; Rivas-
Garcia et al. 2013) (Fig. 9).

MRI is performed using a spine array coil, and
the protocol wusually includes spin-echo
T1-weighted sequences before and after intrave-
nous gadolinium-based contrast administration
in at least two orthogonal planes. The coronal
plane is particularly useful to assess the extension
of paravertebral abscesses and to rule out addi-
tional involvement of sacro-iliac and/or coxo-
femoral joints (Sharif et al. 1995; Boussel et al.
2002). Spin-echo or fast spin-echo T2-weighted
images with fat suppression or contrast-enhanced
fat-suppressed T1-weighted MR images are more
sensitive to detect early abnormalities of bone,
spinal canal, and paravertebral soft tissues
(Narlawar et al. 2002).

The involved vertebral body usually appears
T1-hypointense and T2-hyperintense, with het-
erogeneous enhancement on contrast-enhanced
T1-weighted images (Morvan et al. 1984; Ridley
et al. 1998; Harisinghani et al. 2000; Nassar et al.
2002; Teo and Peh 2004). Intraosseous abscesses
appear as areas of TI-hypointensity and
T2-hyperintensity, with rim enhancement
(Figs. 10 and 11). The penumbra sign described
on T1-weighted sequences represents a relatively
high T1 intensity of the internal layer of the
abscess wall due to the presence of paramagnetic
free radicals produced by activated macrophages.
This sign appears to be very specific (99%) for
abscess (Fig. 12) (Moser et al. 2012). Atypical
MRI patterns have been reported, including inter-
mediate to hypointense T2 signal or hyperintense
T1 signal of the vertebral body (Pertuiset et al.
1999). This latter sign, usually observed in young
patients, may be explained by the increased level
of proteins in the caseum (central necrotic mate-
rial of tuberculous lesions) (Boussel et al. 2002).

Upon infection, the T2 signal of the interverte-
bral disc remains normal for a long time, then the
signal increases with disappearance of the disc
cleft. On T1-weighted images, the intervertebral
disc is of intermediate signal intensity (Pertuiset
et al. 1999; Boussel et al. 2002). Intravenous
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Fig. 10 Tuberculous spondylodiscitis with intraosseous — and adjacent vertebral bodies with peripheral enhance-
abscess and epidural extension. Sagittal (a) T2-W, (b) ment. This extends to the epidural abscess (arrows) caus-
T1-W, and (c¢) contrast-enhanced T1-W MR images show  ing spinal cord compression

T2-hyperintense and T1-hypointense signal of the disc

Fig. 11 Multilevel
tuberculous
spondylodiscitis of the
thoracic spine. (a)
Sagittal and (b) axial
contrast-enhanced
fat-suppressed T1-W
MR images show
multilevel vertebral
body and intervertebral
disc enhancement with
epidural extension
(black arrows). Note the
extensive
subligamentous spread
of prevertebral abscesses
(arrowheads), bilobed
appearance of the
epidural abscess, and the
extension to the left
costovertebral joint
(white arrow)
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Fig. 12 Tuberculous spondylodiscitis with penumbra
sign. Sagittal (a) T1-W, (b) T2-W, and (c¢) contrast-
enhanced T1-W MR images show a target appearance of a
vertebral body abscess at the T12-L1 level with four con-
centric layers: abscess center (pus) with T1-hypointense
and T2-hyperintense signal (star), abscess wall with

contrast administration results either in a diffuse
or rim enhancement. A normal or T2-hypointense
disc signal may be observed in children at the
early stage of the disease, in granulomatous
spondylodiscitis or in vertebral spondylitis (Teo
and Peh 2004; Chelli Bouaziz et al. 2013; Chelli
Bouaziz et al. 2017). MRI allows a precise assess-
ment of disease extension to the paravertebral
soft tissues and the spinal canal.

Abscesses show hyperintense T2 signal and
hypointense to intermediate T1 signal, sur-
rounded by smooth well-defined and well-
vascularized walls (Morvan et al. 1984; Boussel
et al. 2002; Teo and Peh 2004). Epidural phleg-
mon appears as an epidural mass of intermediate
T1 and hyperintense T2 signal, with enhance-
ment on contrast-enhanced T1-weighted images
(Boussel et al. 2002). Epidural abscess and
phlegmon typically show a “bilobed” shape
(Madhok and Sachdeva 2016) (Fig. 13). MRI is
an excellent tool to assess the longitudinal extent
of the epidural abscess or mass, and its effects on
the spinal cord or the cauda equina (Morvan et al.
1998; Boussel et al. 2002).

Associated lesions, including arachnoiditis,
myelitis, or intramedullary tuberculomas, are
well depicted by MRI, particularly on contrast-

T1-hyperintense signal corresponding to granulation tis-
sue (penumbra sign) (open arrow), reactive sclerosis with
T1- and T2-hypointense signal (white arrow), and periph-
eral bone edema with T1-hypointense and T2-hyperintense
signal (arrowhead)

Fig. 13 Tuberculous spondylodiscitis with bilobed epi-
dural abscess. Axial contrast-enhanced T1-W MR image
shows a bilobed epidural abscess (arrows). There is also a
large anterior abscess (arrowheads)

enhanced T1-weighted images. They appear as
linear or nodular enhancement of the
subarachnoid space, spinal cord, or nerve roots
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Fig. 14 Tuberculous arachnoiditis. Sagittal (a) T2-W and (b) contrast-enhanced T1-W MR images of the lumbar spine
show T2-hyperintense nodularity and nodular enhancement of the subarachnoid space (arrows)

(Davies et al. 1984) (Fig. 14). Intramedullary
tuberculomas are characterized by areas of cen-
tral hypointensity and rim enhancement on con-
trast-enhanced T1-weighted MR images, with or
without central T2-hyperintensity (Mishra et al.
2015). Nerve root involvement may present as
meningeal enhancement, clumping of nerve
roots or nerve radicles, a soft tissue mass replac-

ing subarachnoid space, or a mixed pattern
(Gupta et al. 2015).

Currently, functional MRI sequences are gen-
erally not used in routine practice. Diffusion MRI
has been proposed to distinguish tuberculous
spondylitis from vertebral metastases by demon-
strating the absence of restriction in cases of
infection. However, some doubtful cases have
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been observed (Ansari et al. 2013; Ladeb et al.
2013). Some authors have evaluated the role of
magnetic resonance spectroscopy and showed an
increased lipid-lactate peaks in the diagnosis of
spinal TB (Rauf et al. 2015).

4.1.4.4 Computed Tomography
Computed tomography (CT) is more sensitive
than radiographs for detecting early bone destruc-
tion. It also allows a precise assessment of dis-
ease extension to the spinal canal and posterior
elements, and to look for an associated posterior
arthritis (Cotten et al. 1996). The details of verte-
bral collapse are better assessed by sagittal and
coronal CT images (Dorcas and David 1995;
Sharif et al. 1995; Pertuiset et al. 1999; Boussel
et al. 2002; Dinc et al. 2002; Teo and Peh 2004).
Calcifications and bone sequestra are better seen
on CT than MRI (Cotten et al. 1996) (Fig. 15).
The involved disc may show intradiscal hypoden-
sity which is better depicted on sagittal and coro-
nal images (Boussel et al. 2002).
Paravertebral tuberculous abscesses
usually large and bilateral (Cotten et al. 1996;
Ridley et al. 1998; Naim-Ur-Rahaman et al.
1999; Mahboubi and Morris 2001; Stabler and

are

Fig. 15 Tuberculous spondylodiscitis of the lumbar
spine. Axial CT image shows multiple calcifications at the
abscess wall and central area. Several sequestra (black
arrows) are present in the vertebral osteolytic lesion.
Epidural component is also noted

Fig. 16 Tuberculous spondylodiscitis of the lumbar
spine with huge paravertebral abscess. Axial CT image
taken in soft tissue window shows a large left paraverte-
bral abscess with thin and smooth walls, which extends to
the subcutaneous plane

Reiser 2001). They appear on CT as hypodense
collections limited by thin, smooth, and well-
vascularized walls (Fig. 16). The presence of
calcifications at the center or the periphery of
the abscess is characteristic of TB (Figs. 15,
17, and 18) (Sharif et al. 1995; Cotten et al.
1996; Pertuiset et al. 1999). Epidural extension
is inconstant and visible as an epidural abscess
or mass of spontaneously high density that is
homogeneously enhanced after contrast admin-
istration. Abscesses and phlegmons are limited
by the posterior longitudinal ligament and
show a bilobed pattern on axial images (Stabler
and Reiser 2001; Boussel et al. 2002) (Figs. 13
and 18).

CT is more frequently performed than MRI
for the assessment of bone destruction. In our
practice, CT is reserved for spinal cord compres-
sion secondary to vertebral destruction that
extends to the neural arch, for suspicion of spinal
instability, and when MRI is contraindicated. It is
also used to guide percutaneous biopsy for
obtaining histological and bacteriological speci-
mens. It is also indicated in the pre-operative
assessment of secondary spine deformities
(Sharif et al. 1995; Harisinghani et al. 2000;
Stabler and Reiser 2001; Turgut 2001; Teo and
Peh 2004).
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Fig. 17 Tuberculous spondylodiscitis of the thoracolum-
bar junction with abscess calcifications. (a) Coronal and
(b) sagittal CT images taken in bone window show disco-

4.1.4.5 Scintigraphicmaging
Scintigraphic imaging is particularly recom-
mended in patients with suspected primary or
postsurgical spinal infection, when MRI cannot
be obtained or is contraindicated (Berbari et al.
2015; Kannivelu et al. 2021). Technetium-99m
(**"Tc) scintigraphy has a place in the diagnosis
of spinal TB. It allows early diagnosis of spinal
infection and detection of other asymptomatic
locations, with a sensitivity varying from 65% to
100% but has a low specificity. The most com-
monly used tracers are **"Tc-diphosphonates
and Gallium-67 (¥Ga)-citrate, with both being
sensitive but not specific (Cotten et al. 1996;
Pertuiset et al. 1999; Boussel et al. 2002;
Shikhare et al. 2011).

Three-phase bone scintigraphy may demon-
strate hyperemia and increased blood pool activ-
ity. Single-photon emission tomography (SPET)

vertebral destruction and small calcifications of the para-
vertebral soft tissue abscesses (arrows)

and single-photon emission computed tomogra-
phy (SPECT) have a better spatial resolution than
bone scintigraphy, and may thus reveal abnor-
malities not seen on the planar images (Shikhare
etal. 2011). Bone scintigraphy is being gradually
replaced by Fluorine-18 2’-deoxy-2-fluoro-D-
glucose positron-emission tomography (['3F]
FDG PET), which is now considered as the pre-
ferred non-invasive nuclear medicine imaging
modality of choice in the diagnosis, manage-
ment, and clinical decision-making process in
spinal infection. The role of hybrid PET/MRI,
although promising, needs to be evaluated
(Kannivelu et al. 2021).

PET using ["®F] FDG has a sensitivity of
97.5% and a specificity of 86.3% in the diagno-
sis of musculoskeletal infections. At the
moment of diagnosis, it detects additional
tuberculous foci in 60-80% of patients which
has, in certain cases, an impact on the treatment
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Fig. 18 Long-standing tuberculous spondylodiscitis at
T4-6 vertebral levels. (a) Sagittal and (b) axial CT images
taken in bone window show disco-vertebral destruction
with bone sclerosis and calcified paravertebral (white
arrows) and epidural (black arrows) abscesses.

(Ladeb et al. 2015). Some authors have noted
elevated standardized uptake values (SUV)
(>21) compared to pyogenic infections but
other studies did not confirm these results
(Yang et al. 2003; Heysell et al. 2013; Kannivelu
et al. 2021). Recent studies showed that ['*F]
FDG PET/CT had a superior diagnostic value
for detecting spondylodiscitis within the first
2 weeks (Smids et al. 2017). After this period,
for the diagnosis of spondylodiscitis, the diag-
nostic value of ['®F] FDG PET/CT is compara-
ble to that of MRI for the evaluation of the
entire spine (Altini et al. 2020).

['*F] FDG PET appears to be superior to ¥Ga
scintigraphy and MRI at diagnosing or ruling
out spondylodiscitis in the presence of severe
degenerative changes of the vertebral end-plates
and intervertebral discs, or in patients with pre-
vious trauma. However, it is important to note
that the specificity is moderately reduced in
patients with spinal instrumentation (Kannivelu
et al. 2021). PET allows follow-up after treat-

[Reproduced with permission from: Bouaziz MC, Ladeb
MF, Labbene E et al. (2021) Imaging of spinal tuberculo-
sis. In: Ladeb MF, Peh WCG (eds) Imaging of spinal

infection. Springer International,
org/10.1007/978-3-030-70459-9_12]

https://doi.

ment, as FDG uptake returns to its normal value
in 3—4 months and quantification of SUV has
been proposed to detect residual lesions (Rivas-
Garcia et al. 2013).

4.1.5 Craniocervical Junction
Tuberculosis

TB of the craniocervical junction (Figs. 19 and
20) accounts for 2% of tuberculous spondylodis-
citis. It involves the first two cervical vertebrae,
as well as occipito-atlantal and atlanto-axial
joints (Resnick 1995; Boussel et al. 2002). Two
hypotheses have been suggested to explain its
pathogenesis, namely (1) initial involvement of
lateral C1 masses with destruction of the trans-
verse ligament and extension of the infection to
the retropharyngeal space and neighboring joints;
and (2) initial involvement of the retropharyngeal
space followed by extension to C1-C2 vertebrae
by lymphatic and venous pharyngo-periodontal
anastomoses. Craniocervical junction TB may
cause spinal cord compression by CI1-C2
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Fig. 19 Craniocervical junction tuberculosis. Axial CT
images taken in (a) bone and (b) soft tissue windows show
destruction of C1 and C2 vertebrae with atlanto-axial dis-

location, epidural (black arrows) and paravertebral (white
arrowheads) abscesses

Fig. 20 Craniocervical junction tuberculosis. Sagittal (a)
T2-W and (b) contrast-enhanced T1-W and (c¢) axial con-
trast-enhanced fat-suppressed T1-W MR images show

dislocation (disruption of the transverse liga-
ment), by ascending dislocation of the odontoid
or by extension of an anterior epidural abscess
(Boussel et al. 2002). Radiographical assessment
of this condition may be rather difficult. CT is
useful to depict bone destruction, especially of
the neural arch, and MRI is the method of choice
for the assessment of spinal canal extension.

4.1.6 Differential Diagnosis
The differential diagnosis of Pott disease mainly
includes other spondylodiscitis (Table 1) and ero-

signal hyperintensity of C1 and C2 vertebral bodies with

epidural (arrowheads)

extension

(arrows) and paravertebral

sive degenerative disc disease (Table 2) (Resnick
1995; Cotten et al. 1996; Narlawar et al. 2002;
Nassar et al. 2002). Clinical findings may help
but the distinction between tuberculous, brucellar,
mycotic, and pyogenic spinal infections may be
difficult (Morvan et al. 1984; Ridley et al. 1998;
Harisinghani et al. 2000; Moore and Rafii 2001,
Attia et al. 2004).

In typical cases, the differential diagnosis
between tuberculous and brucellar spinal infec-
tion is quite straightforward. However, brucellar
spondylodiscitis may mimic TB (multifocal
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Table 1 Main differentiating signs among tuberculous spondylodiscitis (Pott disease), brucellar spondylodiscitis, and
pyogenic spondylodiscitis

Tuberculous spondylodiscitis

Brucellar spondylodiscitis

Pyogenic spondylodiscitis

Disc narrowing

Late and marked

Late and moderate

Early and moderate

Vertebral destruction | Important Discrete Important

Bone sclerosis Late and moderate Early and marked Early and marked

Vacuum phenomenon | Absent Possible Absent

Soft tissue abscesses | Frequent, large and well defined Inconstant, small, Variable size,
well defined ill-defined

Preferential location

Thoracic and thoracolumbar spine

Lower lumbar spine

Lumbar spine

Table 2 Main differentiating MRI features between Pott disease and erosive degenerative disc disease

Erosive degenerative disc disease

Pott disease

Disc Vacuum phenomenon Diffuse T2-hyperintense signal
T2-hypointense + linear T2-hyperintense signal Diffuse or rim enhancement
Linear enhancement

Vertebral body Marked sclerosis Moderate and late sclerosis

Superficial erosions
Homogeneous enhancement

Important bone destruction
Heterogeneous enhancement

Paravertebral abscess

Absent

50-70% of cases

Fig. 21 Pseudo-Pott brucellar spondylodiscitis. (a) Coronal and (b) sagittal CT images show extensive vertebral
destruction surrounded by bone sclerosis with small calcifications (arrows)

spinal involvement, disco-vertebral extensive
destruction, large abscesses with or without cal-
cifications), the so-called pseudo-Pott brucellar

spondylodiscitis (Fig. 21). Bacteriological and/or

immunological tests are needed to make a posi-

tive diagnosis (Madkour et al. 1988; Sharif et al.
1989; Al-Shahed et al. 1994; Chelli Bouaziz et al.
2008; Chelli Bouaziz et al. 2010).

Fungal spondylodiscitis is a very uncommon

condition, accounting for 0.6-1.6% of infective
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spondylodiscitis (Fig. 22). However, their inci-
dence has recently been increasing, due to rise in
immunosuppressive conditions such as diabetes
mellitus, AIDS, and patients undergoing chemo-
therapy (Comacle et al. 2016). The most fre-
quently encountered agents are Candida and
Aspergillus spp. Clinical and radiological find-
ings are not specific, and the diagnosis is often
delayed and made on pathological study of the
disco-vertebral specimen (Williams et al. 1999;
Wrobel et al. 2001). Blood cultures are negative
in 24-50% of cases (Arias et al. 2004).

Antigen and antibody assays based on the
detection of circulating cell wall fungal antigens
are useful in fungal infections, where they have a
high positive predictive value for the diagnosis of
Candida albicans. Molecular techniques have

Fig. 22 Fungal spondylodiscitis. Sagittal T2-W MR
image shows gross destruction of T8, T9, T10, and T11
vertebral bodies and posterior elements with an epidural
component (white arrows) and cranial tracking (black
arrows)

also been used with fungal infection and have
enhanced the sensitivity of conventional methods
utilized in diagnostic mycology (Skaf et al.
2010). The imaging appearances of fungal spon-
dylodiscitis often mimic tuberculous spondylo-
discitis due to the frequency of subligamentous
extension and involvement of multiple contigu-
ous or noncontiguous vertebral bodies (skip
lesions). The T2-hypointense signal of the disc
and subchondral bone may be observed in both
conditions. However, the abscess wall is typically
thin and smooth in spinal TB, and thick and irreg-
ular in fungal spondylodiscitis.

Bone sarcoidosis usually involves the small
tubular bones of the hands and feet but may also
involve the axial or appendicular skeleton, with
an incidence varying from 1% to 14% (Rua-
Figueroa et al. 2002). Bone lesions may be single
or multiple; or osteolytic, sclerotic, or mixed
(Fig. 23). On MRI, the vertebral body shows
T1-hypointense and T2-hyperintense signal, with

Fig. 23 Spinal sarcoidosis. Lateral radiograph of the
lumbar spine shows mild disc narrowing (arrowhead) and
heterogeneous osteolytic-sclerotic appearance of the adja-
cent vertebrae
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variable enhancement after contrast administra-
tion. The posterior elements and intervertebral
discs are rarely involved (Lefere et al. 2014).
Chest CT is indicated to show mediastinal and
pulmonary abnormalities that are suggestive of
sarcoidosis. Bone scintigraphy and PET/CT are
sensitive but not specific (Valencia et al. 2009).

Spinal hydatidosis (caused by the parasite
Echinococcus granulosus) may mimic TB at an
advanced stage of the disease, with disc
involvement. The conservation of vertebral body
height and shape is suggestive of echinococcosis,
as well as the presence of multiple intra- and
extraosseous vesicles on ultrasound imaging, CT,
and MRI. Other features are the lack of bone
marrow edema and the frequent extension to the
neighboring bones (e.g., ribs, iliac bone) (Ladeb
et al. 2013).

4.1.7 Imaging Follow-Up

The radiological follow-up of tuberculous spon-
dylodiscitis evolves in three steps. Firstly, a pro-
gression of the lesions may be observed
(progression of disc narrowing, bone destruction,
and vertebral collapse), indicating a diagnostic
error or a resistance to antibiotics. After 1 or
2 months of treatment, the disease is stabilized,
with subsequent signs of bone healing (periph-
eral sclerosis and osteophytes). The late phase
depends on the importance of disco-vertebral
lesions at the time of treatment restoration.
Complete vertebral fusion (Fig. 24) results from
bone destruction which exposes the vertebral
cancellous bone. In cases of moderate bone
destruction, vertebral fusion may be incomplete.
Restoration to original condition can be obtained
only in cases of early treatment. On MRI, the disc
and the vertebral body signal decrease on
T2-weighted and contrast-enhanced T1-weighted
images. Fatty reconversion of the vertebral bone
marrow correlates to a favorable clinical outcome
(Fig. 25). The abscesses should disappear in
1-12 months. Signal abnormalities may remain
but does not indicate failure of treatment. PET/
CT allows follow-up of spondylodiscitis after
treatment.

Fig. 24 Treated tuberculous spondylodiscitis. 2-year
follow-up lateral radiograph shows complete vertebral
fusion of two adjacent vertebral bodies (arrowheads)

4.1.8 Complications

The main complications of tuberculous spondyl-
odiscitis are kyphosis and spinal cord compres-
sion. Spinal cord compression following
tuberculous spondylodiscitis is observed in
30-40% of cases (Hamza 1993; Pertuiset et al.
1997; Lolge et al. 2003). Early compression fol-
lowing an evolutive TB must be distinguished
from late compression appearing several years
after recovery. Early compression may result
from epidural abscesses, bone sequestra,
subluxation, arachnoiditis, spinal cord ischemia
or from a combination of these, whereas late
compression mainly results from kyphosis
(Martini  1988). Neurological impairment in
tuberculous spondylodiscitis is usually symmet-
rical and progressive (Ridley et al. 1998). Pott
paraplegia usually regresses after medical treat-
ment. CT (Fig. 18) and MRI (Fig. 26) are useful
to identify the cause of compression, with osse-
ous causes being better depicted by CT than MRI
(Sharif et al. 1995; Cotten et al. 1996; Morvan
et al. 1998; Pertuiset et al. 1999; Dinc et al. 2002;
Moorthy and Prabhu 2002; Narlawar et al. 2002;
Teo and Peh 2004). Kyphosis is the consequence
of spondylodiscitis with destruction of several
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Fig. 25 Treated tuberculous spondylodiscitis. Sagittal
T1-W MR images obtained (a) pre-treatment and at (b)
2-year follow-up post-treatment shows fatty reconversion
of L4 and LS5 vertebral bodies indicative of healing.
(Fig. 25b is reproduced with permission from: Bouaziz

vertebral bodies. It is radiologically assessed by
the Cobb method. Kyphosis progression may be
caused by incomplete bone repair, more frequent
in children than in adults. Kyphosis may cause
chronic pain, spinal cord compression or cardio-
respiratory issues.

4.2 Vertebral Osteomyelitis
(Solitary Vertebral

Involvement)

In solitary spinal involvement, the infection
exclusively involves the vertebra, with sparing of
the intervertebral disc. However, one or more
vertebrae, contiguous or not, may be involved.
Radiographs are normal in about 45% of cases

MC, Ladeb MF, Labbene E et al. (2021) Imaging of spinal
tuberculosis. In: Ladeb MF, Peh WCG (eds) Imaging of

spinal infection. Springer International.
org/10.1007/978-3-030-70459-9_12)

https://doi.

(Lolge et al. 2003). Otherwise, they may show a
round or oval osteolytic lesion, usually at the cen-
ter of the vertebral body, with a peripheral scle-
rotic rim (Cotten et al. 1996; Pertuiset et al. 1999;
Boussel et al. 2002). Moth-eaten osteolysis may
also be observed, sometimes resulting in verte-
bral collapse, with homogeneous or heteroge-
neous bone sclerosis that may hide the underlying
osteolysis (Fig. 27). The differential diagnosis
includes lymphoma, myeloma, metastasis, and
eosinophilic granuloma.

Clinical and biological findings, as well as the
presence of paravertebral and/or epidural
abscesses, are helpful to make the diagnosis.
Vertebral destruction is better depicted by
CT. MRI usually shows intermediate T1 and
hyperintense T2 signal of one or more vertebral


https://doi.org/10.1007/978-3-030-70459-9_12
https://doi.org/10.1007/978-3-030-70459-9_12

316

M. Chelli Bouaziz et al.

Fig. 26 Spinal tuberculosis with cord compression.
Sagittal (a) T2-W and (b) contrast-enhanced fat-
suppressed T1-W and (c) axial contrast-enhanced fat-
suppressed T1-W MR images show disco-vertebral

bodies, with sparing of the intervertebral discs.
Contrast administration produces diffuse or het-
erogeneous vertebral enhancement, and allows
assessment of intraspinal and paravertebral
extension of the disease. The presence of disco-
vertebral and/or perivertebral abscesses is essen-
tial to distinguish tuberculous solitary vertebral
involvement from the other differential diagnosis
of a solitary vertebral lesion (metastases,
myeloma, sarcoidosis). When abscesses are not
present and when there is no clinical and biologi-

destruction with severe vertebral collapse, large paraverte-
bral and epidural abscesses, and spinal cord compression.
Note that the epidural abscess has a bilobed configuration
on the axial image

cal evidence of infection, percutaneous biopsy

may be required to obtain diagnostic
confirmation.
4.3 Primitive Neural Arch

Tuberculosis

Neural arch tuberculosis is usually observed in
the cervicothoracic spine and may involve one
or more spinal levels (Fig. 28) (Resnick 1995;
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Fig. 27 Multifocal tuberculous spondylitis (vertebral
osteomyelitis). Sagittal (a) CT and (b) T1-W, (c) contrast-
enhanced fat-suppressed T1-W, and (d) STIR MR images

Fig. 28 Neural arch tuberculosis. Lateral radiograph of the
lower lumbar spine shows osteolysis of L5 neural arch (arrow)

show multiple involvement of thoracic, lumbar, and sacral
vertebrae, with sparing of the adjacent discs

Sharif et al. 1995; Cotten et al. 1996; Pertuiset
et al. 1999; Boussel et al. 2002; Ben Taarit
et al. 2003). The neural arch may occasionally
be the initial site to be involved (Resnick
1995). Involvement of a single vertebral arch
is far more common (Wallace and Cohen 1976;
Kumar 2017). Imaging plays an important role
in the diagnosis (Morvan et al. 1998; Nassar
and al 2002). The analysis of radiographs is
not always easy and the detection of neural
arch abnormalities is possible in less than 10%
of the cases (Morvan et al. 1998; Narlawar
et al. 2002). Radiographs may show osteolysis
of a spinous process, lamina, or pedicle. Bone
destruction may extend to the posterior cortex
of the vertebral body or the adjacent ribs with
relative sparing of the intervertebral discs
(Resnick 1995; Morvan et al. 1998). Well-
defined or ill-defined bone sclerosis may also
be observed (Cotten et al. 1996).

CT allows a more precise assessment of bone
and adjacent soft tissues. It shows intraspinal and
extraspinal extension of the infection, which is par-
ticularly frequent in this presentation (Cotten et al.
1996; Narlawar et al. 2002; Nassar et al. 2002). The
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Fig. 29 Neural arch tuberculosis. (a) Sagittal and (b)
axial T2-W MR images show involvement of posterior
elements with epidural extension and spinal cord com-

presence of a sequestrum, and associated zygo-
apophyseal, costovertebral, or costotransversal
arthritis is of great diagnostic value (Cotten et al.
1996). On MRI, the lesions show T1-hypointense
and T2-hyperintense signal with contrast enhance-
ment (Morvan et al. 1998) (Fig. 29). Neural arch
involvement may result in spinal instability, in
which case imaging diagnosis is important for sur-
gical planning (Narlawar et al. 2002). The differen-
tial diagnosis includes metastases and primitive
spinal tumors (Garg and Somvanshi 2011; Momjian
and George 2014).

5 Spinal Tuberculosis
Diagnosis
5.1 Presumptive Diagnostic Signs

TB is suspected when there is a history of recent
primary infection (30%), another active TB focus
(19-30%), satellite lymphadenopathy (10%), and
positive tuberculin skin test (75-100%). When
there is tuberculous spondylodiscitis, increase in
erythrocyte sedimentation rate and C-reactive

pression. There is also a large soft tissue component
which extends posteriorly into the subcutaneous tissues

protein is observed in 55% and 75% of cases,
respectively. The radiological presumptive signs
are listed in Table 3.

5.2 Diagnosis Confirmation

Diagnostic confirmation is usually established by
either the demonstration of acid-fast bacilli
(AFB) on microscopy/culture or by histological
examination of material obtained following
biopsy. Even though the histological examination
is highly suggestive of spinal TB when caseating
granulomas are observed and diagnostic when
AFB are found (Lacerda et al. 2017), definite
diagnosis requires positive microbiology (Garg
and Somvanshi 2011). The diagnosis can be
based on extraspinal clinical specimens (e.g.,
sputum, urine, lymph node aspirates) since
20—-40% of patients have active TB at other sites.
(Merino et al. 2012). When these tests are
negative, imaging-guided percutaneous aspira-
tion biopsy from the affected site is the gold stan-
dard technique for diagnosis of spinal TB. It
usually yields sufficient material from the spine
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Table 3 Radiological signs suggesting spinal TB

Location Thoracolumbar junction or distal thoracic spine
Extension Multifocal
Subligamentous extension at three vertebra or more
Vertebra Bone osteolysis adjacent to the disc
Sequestra
Involvement of vertebral bodies sparing the disc
Intravertebral abscess
Neural arch involvement: frequent (68% in children, 52% in adults). May be isolated
Heterogeneous enhancement of the vertebral body
Disc Late involvement
Epidural extension Bilobed appearance of the epidural abscess or phlegmon
Soft tissue abscesses Frequent, large, well-defined and smooth walls
Calcifications at the center or the periphery of the abscess
Extraosseous locations | Pulmonary, urogenital, lymph nodes

and/or adjacent abscess (Garg and Somvanshi
2011). Open biopsy of the spine, when required,
has a slightly higher diagnostic yield either for
culture or histological study (Garg and Somvanshi
2011).

It is also important to search for other associ-
ated microorganisms (Merino et al. 2012).
Diagnostic sensitivity of AFB smear microscopy
(Ziehl-Neelsen and fluorescent staining) is
about 17-30% but can be as high as 58% in some
studies. This low sensitivity is explained by the
paucibacillary nature of osteoarticular TB
(Lacerda et al. 2017). Culture sensitivity can
reach 83% in solid media but the time to culture
(3-8 weeks) is a limitation. Liquid media is
more sensitive and has a shorter time to detec-
tion (2-3 weeks). Sensitivity of M. tuberculosis
detection in pus from paravertebral abscesses is
42% (Wallace and Cohen 1976). Culture is nec-
essary for an accurate drug susceptibility testing
(DST) which is crucial for the treatment of spi-
nal TB, especially in countries with high preva-
lence of drug resistance (Merino et al. 2012).

Historically, identification of positive myco-
bacterial cultures was based on colony morphol-
ogy and select biochemical reactions; however,
molecular methods must be used for definitive
identification of most mycobacterial isolates
from culture (Caulfield and Wengenack 2016).
Nucleic acid amplification tests (NAAT) may be
useful for rapid diagnosis and can distinguish
between Mycobacterium tuberculosis complex
and atypical mycobacteria (Lacerda et al. 2017).

It is more sensitive than conventional methods
when low numbers of bacilli are present (Merino
et al. 2012). A positive result can be used as evi-
dence of extrapulmonary TB because false-
positive results are unlikely. However, a negative
result may not be used to exclude TB because
false-negative results are exceedingly common.
In bone and joint TB, the Cepheid Xpert MTB/
RIF test achieves a sensitivity of 82% and a spec-
ificity of 100% in the diagnosis, and a 100% con-
cordance with culture-DST for the detection of
rifampin resistance. The GenoType MTBDRplus
(MTBDR) assay, detecting both rifampicin and
isoniazid resistances, shows a sensitivity of 72%
in these infections (Lacerda et al. 2017).
Nevertheless, these tests are not available in all
laboratories, especially in low- and middle-
income countries (Merino et al. 2012). Tuberculin
skin test and interferon-y release assays are not
routinely used in the diagnosis of extrapulmonary
TB (Lacerda et al. 2017) since they cannot dif-
ferentiate latent from active TB infection.
However, in difficult cases of spinal osteomyeli-
tis, their high negative predictive value may be
helpful in rule out TB (Trecarichi et al. 2012).
Improvements in percutaneous biopsy tech-
niques have reduced the number of surgical biop-
sies. Disco-vertebral biopsy allows rapid
histopathological examination by showing epi-
thelioid and giant cell granulomas, with or with-
out necrosis, in approximately 90% of cases
(Trecarichi et al. 2012). False negatives are seen
at an advanced stage of the disease when fibrosis
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sets in (Francis et al. 1999). Cytological puncture
is a cheap, rapid, and fairly nonaggressive tech-
nique with a very low risk of complications
(Masood 2013). In countries with a high ende-
micity of TB, cytopathological examination can
constitute an alternative to histopathology, pro-
vided that the proceduralist and the cytopatholo-
gist are well trained (Masood 2013). It is
particularly recommended for paravertebral
abscesses and osteolytic lesions with cortical
interruption, as these are frequently observed in
tuberculous spondylodiscitis. (Gupta et al. 1999).

In cytology, epithelioid granulomas, giant
cells, and caseous necrosis are observed with
frequencies varying from 50% to 68% (Ben
Taarit et al. 2003). If there is a discrepancy
between clinico-radiological and cytological
results, a vertebral or disco-vertebral biopsy is
necessary for diagnosis (Kang et al. 1999; Jorda
et al. 2000; Handa et al. 2009; Gasbarrini et al.
2012). The histopathological differential diagno-
sis of spinal TB arises with other granulomatous
infections, such as other bacterial infection (bru-
cellosis, syphilis, Yersinia pseudotuberculosis
infection), fungal infection (histoplasmosis), and
sarcoidosis. Suppurative forms are rare and can
be considered in the absence of an epithelioid
granuloma for an infection with pyogenic bacte-
ria. It is the positivity of Ziehl-Nielsen staining
on the histological sections, and especially the
bacteriological examination, which allows the
correct diagnosis to be made.

Conventionally, the inflammatory infiltrate of
brucellosis is polymorphic, rich in lymphocytes,
associated with plasma cells and neutrophils, and
the small histiocytic granuloma is made up of small
groups of histiocytes but cases of associated granu-
lomatous brucellosis with necrosis have been
reported (Halimi et al. 1999). Mycotic spondylo-
discitis can also be granulomatous and necrotizing.
Demonstration by special stains of spores and
mycelial filaments in yeast infections and hyphae
in filamentous fungal infections confirms the
mycotic origin. In the absence of caseous necrosis,
the histological distinction between spinal sarcoid-
osis and TB is not easy.

6 Treatment

Anti-TB drug treatment is the gold standard for
the treatment of tuberculous spondylodiscitis,
whereas surgical treatment plays an important
role as adjunctive therapy.

6.1 Anti-tuberculosis Treatment

The treatment of spinal TB is mainly medical. It
consists of a combination of four antibiotics (iso-
niazid, rifampicin, ethambutol, and pyrazin-
amide) for 2 months, followed by two antibiotics
(isoniazid and rifampicin) for 7-10 months, for a
total treatment duration of 9—12 months (Eschard
et al. 1993; Ramachandran et al. 2005). The dura-
tion of anti-TB treatment varies according to the
clinical course and the improvement of the radio-
logical imaging findings. Adherence to treatment
is crucial for efficacy and recovery; it must be
continuously reinforced and maintained through-
out the course of treatment. The frequency of side
effects to anti-TB drugs requires regular clinical
and biological monitoring.

6.2 Associated Treatment

Vertebral immobilization is necessary in cervical
spine TB and in TB complicated by spinal com-
pression  or instability (Hamza  1993).
Rehabilitation must be considered after the acute
phase of rest and stabilization of the bone lesions.
It is necessary to prevent muscular atrophy
(Eschard et al. 1993). The aim of surgery is to
completely remove a lesion, achieve spinal
decompression and stability, and restore a normal
spinal balance (De Backer et al. 2006). The indi-
cations for surgery are: (1) Acute spinal compres-
sion, compression of bone origin and flaccid
paraplegia (Hamza 1993); (2) Large paraverte-
bral abscesses resistant to medical treatment and
percutaneous drainage; and (3) Progressive
kyphosis with spinal instability (Golden et al.
2005; Ramachandran et al. 2005).
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7 Conclusion

Spinal TB accounts for 25-60% of musculoskel-
etal TB. The three main anatomo-radiological
patterns are tuberculous spondylodiscitis (Pott
disease), tuberculous spondylitis, and primary
neural arch TB. Time to diagnosis has improved
from 6 to 24 months in the past to 3 months on
average in the more recent series, thanks to
advances in imaging. Imaging also helps to clar-
ify the extent of the infection and its impact on
the spinal cord and nerve roots but it only pro-
vides presumptive diagnosis of spinal TB. In the
absence of active extraspinal TB, confirmation of
diagnosis of TB is provided by histology and/or
bacteriology.

References

Agrawal V, Patgaonkar PR, Nagariya SP (2010)
Tuberculosis of spine. J Craniovertebr Junction Spine
1:74-85

Ait Khaled N, Enarson D, Billo N (1997) Epidémiologie
de la tuberculose et de la résistance aux antitubercu-
leux. Rev Mal Resp 14:558-5S18

Al-Shahed MS, Sharif HS, Haddad MC et al (1994)
Imaging features of musculoskeletal brucellosis.
Radiographics 14:333-348

Altini C, Lavelli V, Niccoli-Asabella A et al (2020)
Comparison of the diagnostic value of MRI and whole
body ®F-FDG PET/CT in diagnosis of spondylodis-
citis. J Clin Med 9:1581. https://doi.org/10.3390/
jem9051581

Ansari S, Ashraf AN, Al-Moutaery K (2001) Spinal infec-
tion: a review. Neurosurg Q 11:112-123

Ansari S, Amanullah MF, Ahmad K, Rauniyar RK (2013)
Pott’s spine: diagnostic imaging modalities and tech-
nology advancements. N Am J Med Sci 5:404-411

Arias F, Mata-Essayag S, Landaeta ME et al (2004)
Candida albicans osteomyelitis: case report and litera-
ture review. Int J Infect Dis 8:307-314

Attia M, Harnof S, Knoller N et al (2004) Cervical Pott’s
disease presenting as a retropharyngeal abscess. Isr
Med Assoc J 6:438-439

Ben Taarit C, Turki S, Ben Maiz H (2003) La tuberculose
ostéoarticulaire en Tunisie: étude rétrospective de 180
cas. Med Mal Infect 33:210-214

Berbari EF, Kanj SS, Kowalski TJ et al (2015) Infectious
Diseases Society of America (IDSA) clinical practice
guidelines for the diagnosis and treatment of native
vertebral osteomyelitis in adults. Clin Infect Dis
61:€26—e46

Bernard L, Perronne C (1997) La tuberculose ostéo-
articulaire aujourd’hui. Presse Med 26:308-310

Billo NE (1996) Tendances épidémiologiques de la tuber-
culose. Rev Prat 46:1332—-1335

Boussel L, Marchand B, Blineau N et al (2002)
Imagerie de la tuberculose ostéo-articulaire. J Radiol
83:1025-1034

Caulfield AJ, Wengenack NL (2016) Diagnosis of active
tuberculosis disease: from microscopy to molecu-
lar techniques. J Clin Tuberc Other Mycobact Dis
4:33-43

Chebbi Y, Riahi H, Bouaziz MC et al (2019)
Mycobacterium bovis spondylodiscitis: report of 4
cases. J Clin Rheumatol 10:1097

Chelli Bouaziz M, Ladeb MF, Chakroun M, Chaabane S
(2008) Spinal brucellosis: a review. Skeletal Radiol
37:785-790

Chelli Bouaziz M, Bougamra I, Kaffel D, Hamdi W,
Ghannouchi M, Kchir MM (2010) Non-contiguous
multilevel spondylitis: an exceptional presentation of
spinal brucellosis. Tunis Med 88:280-284

Chelli Bouaziz M, Ladeb MF, Chakroun M (2013)
Tuberculose rachidienne. In: Laredo JD, Wybier M,
Petrover D (eds) Imagerie rhumatologique et ortho-
pédique. Sauramps Medical, Montpellier, pp 523-538

Chelli Bouaziz M, Riahi H, Ladeb MF, Chakroun
M, Rammeh S (2017) Imagerie de la tuberculose
rachidienne. Encycl Med Chir Radiologie et imag-
erie médicale-musculosquelettique-neurologique-
maxillofaciale, 31-670-C-10

Colmenero JD, Jimenez-Mejias ME, Reguera JM et al
(2004) Tuberculous vertebral osteomyelitis in the
new millennium: still a diagnostic and therapeu-
tic challenge. Eur J Clin Microbiol Infect Dis 23:
477-483

Comacle P, Le Govic Y, Hoche-Delchet C et al (2016)
Spondylodiscitis due to Aspergillus terreus in an
immunocompetent host: case report and literature
review. Mycopathologia 181:575-581

Cotten A, Flipo RM, Drouot MH et al (1996) La tuber-
culose vertébrale. Etude des aspects cliniques et
radiologiques a partir d’une série de 82 cas. J Radiol
77:419-426

Davies PD, Humphries MJ, Byfield SP et al (1984)
Bone and joint tuberculosis. A survey of notifica-
tions in England and Wales. J Bone Joint Surg Br 66:
326-330

De Backer AI, Mortel€é KJ, Vanhoenacker FM, Parizel PM
(2006) Imaging of extraspinal musculoskeletal tuber-
culosis. Eur J Radiol 57:119-130

Dinc H, Ahmetoglu A, Baykal S et al (2002) Image-
guided percutaneous drainage of tuberculous iliopsoas
and spondylodiskitic abscesses: midterm results.
Radiology 225:353-358

Dorcas CY, David JS (1995) Musculoskeletal tuberculo-
sis. Radiol Clin North Am 33:679-689

Durieux P (1990) Epidémiologie de la tuberculose. Rev
Prat 40:703-705


https://doi.org/10.3390/jcm9051581
https://doi.org/10.3390/jcm9051581

322

M. Chelli Bouaziz et al.

Engin G, Acunas B, Acunas G, Tunaci M (2000) Imaging
of extrapulmonary tuberculosis. Radiographics
20:471-488

Eschard JP, Leone J, Etienne JC (1993) Tuberculose
osseuse et articulaire des membres. Encycl Méd Chir,
Appareil locomoteur, 14-185-A-10:15

Francis IM, Das DK, Luthra UK et al (1999) Value of
radiologically guided fine needle aspiration cytology
(FNAC) in the diagnosis of spinal tuberculosis: a study
of 29 cases. Cytopathology 10:390—401

Garg RK, Somvanshi DS (2011) Spinal tuberculosis: a
review. J Spinal Cord Med. 34:440-454

Gasbarrini A, Boriani L, Salvadori C et al (2012)
Biopsy for suspected spondylodiscitis. Eur Rev Med
Pharmacol Sci 16:26-34

Golden MP, Vikram HR (2005) Extrapulmonary tubercu-
losis: an overview. Am Fam Physician 72:1761-1768

Gupta S, Takhtani D, Gulati M et al (1999) Sonographically
guided fine-needle aspiration biopsy of lytic lesions of
the spine: technique and indications. J Clin Ultrasound
27:123-129

Gupta R, Garg RK, Jain A et al (2015) Spinal cord and
spinal nerve root involvement (myeloradiculopathy)
in tuberculous meningitis. Medicine (Baltimore)
94(3):e404

Halimi C, Bringard N, Boyer N et al (1999) Brucellome
hépatique: deux nouveaux cas et revue de la littérature.
Gastroenterol Clin Biol 23:513-517

Hamza M (1993) Tuberculose articulaire et vertébrale.
Rev Rhum (Ed Fr) 60:115-118

Handa U, Garg S, Mohan H, Garg SK (2009) Role of fine-
needle aspiration cytology in tuberculosis of bone.
Diagn Cytopathol 38:1-4

Harisinghani MG, Mcloud TC, Shepard JA et al (2000)
Tuberculosis from head to toe. Radiographics
20:449-470

Heysell SK, Thomas TA, Sifri CD, Rehm PK, Houpt
ER (2013) 18-fluorodeoxyglucose positron emission
tomography for tuberculosis diagnosis and manage-
ment: a case series. BMC Pulm Med 13:14

Huchon G (1997) Tuberculose et mycobactérioses non
tuberculeuses Encycl Med Chir, Maladies Infectieuses,
8-038-C-10:20

Jain AK (2010) Tuberculosis of the spine: a fresh look at
an old disease. J Bone Joint Surg Br 92:905-913

Jorda M, Rey L, Hanly A, Ganjei-Azar P (2000) Fine-
needle aspiration cytology of bone: accuracy and pit-
falls of cytodiagnosis. Cancer 90:47-54

Kang M, Gupta S, Khandelwal N et al (1999) CT-guided
fine-needle aspiration biopsy of spinal lesions. Acta
Radiol 40:474-478

Kannivelu A, Tong AKT, Loke KSH, Ng DCE (2021)
Nuclear medicine imaging of spinal infection. In:
Ladeb MF, Peh WCG (eds) Imaging of spinal infec-
tion. Springer Nature Switzerland, pp 71-88

Kumar K (2017) Posterior spinal tuberculo-
sis: a review. Mycobact Dis 7:243. https://doi.
org/10.4172/2161-1068.1000243

Lacerda C, Linhas R, Duarte R (2017) Tuberculous
spondylitis: a report of different clinical scenarios
and literature update. Case Rep Med. https://doi.
org/10.1155/2017/4165301

Lacut JY, Dupon M, Paty MC (1995) Tuberculoses extra-
pulmonaires. Revue et possibilités de diminution des
délais d’intervention thérapeutiques. Méd Mal Infect
25:304-320

Ladeb MF, Chelli Bouaziz M, Chakroun M, Loussaief C
(2013) Atteintes parasitaires de 1’appareil locomoteur.
Encycl Med Chir Radiologie et imagerie médicale-
musculosquelettique-neurologique-maxillofaciale
31-225-A-10

Ladeb MF, Chelli Bouaziz M, Riahi H, Chakroun
M (2015) Imagerie de la tuberculose articulaire
extra-rachidienne. Encycl Med Chir Radiologie
et imagerie médicale-musculosquelettique-
neurologique-maxillofaciale 31-220-A-10

Ladeb MF, Riahi H, Chelli Bouaziz M, Mechri M (2019)
Clinical evolution of tuberculous spondylodiscitis in
Tunisia. Bull Acad Natl Med 203:328-333

Lamer S, Garel C, Holvoet-Vernaut L, Hassan M (1998)
Lésion lytique épiphyso-métaphysaire. Presse Med
27:1197-1198

Le Roux P, Quinque K, Bonnel AS, Le Luyer B (2005)
Les atteintes extrapulmonaires de la tuberculose de
I’enfant. Arch Pédiatrie 12:S122-S126

Lefere M, Larbi A, Malghem J, Vande Berg B, Dallaudicre
B (2014) Vertebral sarcoidosis: long-term follow-up
with MRI. Skeletal Radiol 43:1185-1190

Lolge S, Maheshwari M, Shah J, Patkar D, Chawla A
(2003) Isolated solitary vertebral body tuberculosis—
study of seven cases. Clin Radiol 58:545-550

Madhok R, Sachdeva P (2016) Evaluation of apparent
diffusion coefficient values in spinal tuberculosis by
MRI. J Clin Diagn Res 10:TC19-TC23

Madkour MM, Sharif HS, Abed M, Al-Fayez MA (1988)
Osteoarticular brucellosis. AJR Am J Roentgenol
150:1101-1105

Mahboubi S, Morris MC (2001) Imaging of spinal
infections in children. Radiol Clin North Am 39:
215-222

Martini M (1988) Tuberculosis of bone and joints.
Springer Verlag, Berlin

Masood S (2013) Ultrasound guided fine needle aspira-
tion biopsy: the new challenges and opportunities for
cytopathologists. Diagn Cytopathol 41:1017-1018

Merino P, Candel FJ, Gestoso I, Baos E, Picazo J (2012)
Microbiological diagnosis of spinal tuberculosis. Int
Orthop 36:233-238

Mishra SS, Das D, Das S, Mohanta I, Tripathy SR (2015)
Spinal cord compression due to primary intramedul-
lary tuberculoma of the spinal cord presenting as para-
plegia: a case report and literature review. Surg Neurol
Int 6:42

Momjian R, George M (2014) Atypical imaging features
of tuberculous spondylitis: case report with literature
review. J Radiol Case Rep 8:1-14


https://doi.org/10.4172/2161-1068.1000243
https://doi.org/10.4172/2161-1068.1000243
https://doi.org/10.1155/2017/4165301
https://doi.org/10.1155/2017/4165301

Imaging of Spinal Tuberculosis

323

Moon MS (2014) Tuberculosis of spine: current views in
diagnosis and management. Asian Spine J 8:97-111

Moore SL, Rafii M (2001) Imaging of musculoskel-
etal and spinal tuberculosis. Radiol Clin North Am
39:329-342

Moorthy S, Prabhu NK (2002) Spectrum of MR imaging
findings in spinal tuberculosis. AJR Am J Roentgenol
179:979-983

Morvan G, Martin N, Massare C, Nahum H (1984) La
tuberculose du rachis cervical : étude radiologique a
propos d’une série multicentrique de 53 cas. Rev Chir
Orthop Reparatrice Appar Mot 70:76-80

Morvan G, Laredo JD, Wibier M (1998) Imagerie ostéo-
articulaire, vol 2. Meédecine-Sciences-Flammarion,
Paris, pp 756-763

Moser T, Ehlinger M, Chelli Bouaziz M, Ladeb MF,
Durckel J, Dosch JC (2012) Pitfalls in osteoarticu-
lar imaging: how to distinguish bone infection from
tumour? Diagn Interv Imaging 93:351-359

Murray JF (1996) Expressions cliniques actuelles de la
tuberculose. Rev Prat 46:1344-1349

Naim-Ur-Rahaman, El Bakry A, Jamjoom ZA, Kolawole
T™M (1999) Atypical forms of spinal tuberculosis:
case report and review of the literature. Surg Neurol
51:602-607

Narlawar RS, Shah JR, Pimple MK et al (2002) Isolated
tuberculosis of posterior elements of spine: magnetic
resonance imaging findings in 33 patients. Spine
27:275-281

Nassar I, Mahi M, Semlali S et al (2002) Tuberculose de
I’arc vertebral postérieur. ] Neuroradiol 29:204-207

Papavero R, Bissuel F, Gruel S et al (1999) Tuberculose
vertébrale de I’enfant. Place de I’imagerie dans la
démarche diagnostique et thérapeutique. Presse Med
28:1980-1982

Pertuiset E, Beaudreuil J, Horusitzky F et al (1997)
Aspects épidémiologiques de la tuberculose ostéo-
articulaire de 1’adulte. Etude rétrospective de 206 cas
diagnostiqués en région parisienne de 1980 a 1994.
Presse Med 26:311-315

Pertuiset E, Beaudreuil J, Liote F et al (1999) Spinal
tuberculosis in adults. A study of 103 cases in a devel-
oped country, 1980—-1994. Medicine 78:309-320

Ramachandran S, Clifton 1J, Collyns TA, Watson JP,
Pearson SB (2005) The treatment of spinal tubercu-
losis: a retrospective study. Int J Tuberc Lung Dis
9:541-544

Rasouli MR, Mirkoohi M, Vaccaro AR, Yarandi KK,
Rahimi-Movaghar V (2012) Spinal tuberculosis: diag-
nosis and management. Asian Spine J 6:294-308

Rauf F, Chaudhry UR, Atif M, ur Rahaman M (2015)
Spinal tuberculosis: our experience and a review of
imaging methods. Neuroradiol J 28:498-450

Resnick D (1995) Osteomyelitis, septic arthritis and
soft tissue infection: organisms. In: Resnick D (ed)
Diagnosis of bone and joint disorders, vol 4, 3rd edn.
Saunders, Philadelphia, PA, pp 2448-2558

Ridley N, Shaikh MI, Remedios D, Mitchell R (1998)
Radiology of skeletal tuberculosis. Orthopaedics
21:1213-1220

Rivas-Garcia Al, Sarria-Estrada S, Torrents-Odin C,
Casas-Gomila L, Franquet E (2013) Imaging find-
ings of Pott’s disease. Eur Spine J 22(Suppl 4):
567-578

Rua-Figueroa I, Gantes MA et al (2002) Vertebral sarcoid-
osis: clinical and imaging findings. Semin Arthritis
Rheum 31:346-352

Sharif HS, Aideyan OA, Clark DC et al (1989) Brucellar
and tuberculous spondylitis: comparative imaging fea-
tures. Radiology 171:419-425

Sharif HS, Morgan JL, Al Shahed MS, Al Thagafi MY
(1995) Role of CT and MR imaging in the manage-
ment of tuberculous spondylitis. Radiol Clin North
Am 33:787-804

Shikhare SN, Singh DR, Shimpi TR, Peh WCG (2011)
Tuberculous osteomyelitis and spondylodiscitis.
Semin Musculoskelet Radiol 15:446-458

Skaf GS, Kanafani ZA, Araj GF, Kanj SS (2010) Non-
pyogenic infections of the spine. Int J Antimicrob
Agents 36:99-105

Smids C, Kouijzer 1J, Vos FJ et al (2017) A comparison of
the diagnostic value of MRI and 'F-FDG-PET/CT in
suspected spondylodiscitis. Infection 45:41-49

Stabler A, Reiser MF (2001) Imaging of spinal infection.
Radiol Clin North Am 39:115-135

Teo HEL, Peh WCG (2004) Skeletal tuberculosis in chil-
dren. Pediatr Radiol 34:853-860

Trecarichi EM, Di Meco E, Mazzotta V, Fantoni M (2012)
Tuberculous spondylodiscitis: epidemiology, clini-
cal features, treatment, and outcome. Eur Rev Med
Pharmacol Sci 16:58-72

Tuli SM (2002) General principles of osteoarticular tuber-
culosis. Clin Orthop 398:11-19

Turgut M (2001) Multifocal extensive spinal tuberculosis
(Pott’s disease) involving cervical, thoracic and lum-
bar vertebrae. Br J Neurosurg 15:142-146

Valencia MP, Deaver PM, Mammarappallil MC (2009)
Sarcoidosis of the thoracic and lumbar vertebrae,
mimicking metastasis or multifocal osteomyelitis by
MRI: case report. Clin Imaging 33:476—481

Wallace R, Cohen AS (1976) Tuberculous arthritis: a
report of two cases with review of biopsy and synovial
fluid findings. Am J Med 61:277-282

Williams RL, Fukui MB, Meltzer CC et al (1999) Fungal
spinal osteomyelitis in the immunocompromised
patient: MR findings in three cases. AJNR Am J
Neuroradiol 20:381-385

Wrobel CJ, Chappell ET, Taylor W (2001) Clinical pre-
sentation, radiological findings, and treatment results
of coccidioidomycosis involving the spine: report on
23 cases. J Neurosurg 95(1 Suppl):33-39

Yang CM, Hsu CH, Lee CM, Wang FC (2003) Intense
uptake of [F-18]- fluoro-2 deoxy-D-glucose in active
pulmonary tuberculosis. Ann Nucl Med 17:407-410



Check for
updates

Imaging of Extraspinal
Musculoskeletal Tuberculosis

Nuttaya Pattamapaspong @

and Wilfred C. G. Peh @

Contents Abstract
1 Introduction ... 326 ) ) )
5> Pathoohvsiol 126 Tuberculosis can lead to serious destruction
ATNOPAYSIOIOBY cvrssvvssvvsssvrssns s . of musculoskeletal structures such as the
3 Clinical Features and Complications ........... 328 bones, joints’ and soft tissues. Early diagno_
4 Imaging Features ............ccccoooevuevrrerueruereenens 329 sis of musculoskeletal tuberculosis is impor-
4.1 Radiography .......cceccvevcerecenencenencenenceeineeinenes 329 tant in order to minimize structural damage
42 Computed Tomography ..... 332 and prevent permanent complications. The
4.3 Magnetic Resonance Imaging ..........cccccceeueee. 332 di . . hich d £
4.4 Ultrasound Imaging ... 335 1agnosis reqmFe.s a hig egr?e of aware-
4.5 Nuclear Medicine Imaging ........co.ceeveeveureeennns 336 ness as the clinical presentation may be
5  Imaging Differential Diagnosis 346 1r.1dolent, nOH—SPECIﬁ(f, and may mH.mC other
5.1 Tuberculous Osteomyelitis .........ccceeverrrveennnes 346 disease processes. Tissue destruction from
5.2 Tuberculous Arthritis 346 tuberculous granulomas produces some
5.3 Tuberculous Soft Tissue Infection ................... 347 characteristic patterns which can be demon-
6  Diagnosis Confirmation ................cccoooco....... 348 strated by imaging studies. Radiography,
7 Treatment .........cc.oceeveveeverecuecuecumecusecnesernenens 349 ultrasound maging, compl.lted t.omograph.y,
. and magnetic resonance imaging help in
8  Conclusion 349 detection of the disease, guide appropriate
References ... 349 laboratory investigation and surgical man-
agement, as well as in the evaluation of
treatment outcome. Whole-body [Fluorine-
N. Pattamapaspong () 18]-fluoro-2-deoxy-n-glucose positron-
Department of Radiology, Faculty of Medicine, emission tomography has a gradually
Chiang Mai University, Chiang Mai, Thailand increasing role in the detection of multifocal
e-mail: nuttaya@ gmail.com; nuttaya.p@cmu.ac.th lesions and disease monitoring. Knowing the
W.C.G. Peh characteristic imaging features and potential
Department of Diagnostic Radiology, Khoo Teck s S . -
. . . . mimics aids in timely diagnosis and treat-
Puat Hospital, Singapore, Republic of Singapore .
e-mail: Wilfred.peh@gmail.com; ment of musculoskeletal tuberculosis.
Wilfred.peh @ktph.com.sg
© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 325

M. E. Ladeb, W. C. G. Peh (eds.), Imaging of Tuberculosis, Medical Radiology Diagnostic Imaging,

https://doi.org/10.1007/978-3-031-07040-2_13


https://orcid.org/0000-0001-9738-3658
https://orcid.org/0000-0002-9976-5462
mailto:nuttaya@gmail.com
mailto:nuttaya.p@cmu.ac.th
mailto:Wilfred.peh@gmail.com
mailto:Wilfred.peh@ktph.com.sg
mailto:Wilfred.peh@ktph.com.sg
https://doi.org/10.1007/978-3-031-07040-2_13

N. Pattamapaspong and W. C. G. Peh

326

Abbreviations

CT Computed tomography

MRI  Magnetic resonance imaging
TB Tuberculosis

1 Introduction

Musculoskeletal tuberculosis (TB) is an impor-
tant cause of mortality and morbidity worldwide.
Cases are rising because of the steadily increas-
ing number of immunocompromised hosts such
as patients with human immunodeficiency virus
(HIV) infection, immunosuppressive treatment,
advanced age, and also a rise in immigration
from countries with a high disease prevalence
(Arora and Chopra 2019; Suarez et al. 2019;
World Health Organization 2021). Appendicular
involvement, although less common than spinal
TB, can lead to serious bone and joint destruc-
tion. The indolent and diverse clinical presenta-
tion often mimics many other diseases, and may
cause a delay in diagnosis. The emergence of
multidrug-resistant strains increases the diffi-
culty in treatment and control of disease spread.
Early imaging diagnosis plays an important role
in directing appropriate laboratory investigation,
hence allowing timely diagnosis and treatment.

2 Pathophysiology

TB affects the musculoskeletal system, causing
osteomyelitis, arthritis, or soft tissue infection.
The organism reaches the musculoskeletal sys-
tem via hematogenous spread or by direct inocu-
lation. Hematogenous spread is more common
and will be discussed in more detail in the fol-
lowing paragraphs. The disease either presents
during the primary spread of the organism or as
a reactivation, usually when host immunity
decreases. At the site of infection, the TB bacilli
induce a granulomatous inflammatory reaction
that consists of epithelioid cells, lymphocytes,
and multinucleated giant cells, forming either

caseating or noncaseating granulomas (Natarajan
et al. 2020). The host inflammatory response
results in liquefactive and caseous necrosis, tis-
sue destruction, and abscess formation. The
infective focus then spreads to the surrounding
structures. In the late stage of the disease, the
granulomatous lesions may calcify (Sharma
et al. 1978).

The metaphysis of long bones and large
weight-bearing joints, such as the hip and knee,
are commonly affected because of their rich vas-
cular supply (Pigrau-Serrallach and Rodriguez-
Pardo 2013; Natarajan et al. 2020). The
predilection for the location of osteomyelitis
depends on the distribution of intraosseous vas-
cular structures according to age. In infants
younger than 1.5 years of age, transphyseal
spread is common, due to vessels crossing the
growth plate. In children aged between one and
16 years, the metaphysis is the most common
site, as the epiphyseal growth plate acts as a natu-
ral barrier to the spread of infection. However,
isolated epiphyseal lesions may still occur, owing
to the presence of the nutrient artery of the epiph-
ysis. In adults, vascular distribution in form of
communicating metaphyseal and epiphyseal ves-
sels allows the infection to reach subchondral
bone (Wang et al. 1999; Resnick 2002a; Ranson
2009) (Fig. 1).

Tuberculous arthritis may result from primary
spread via subsynovial vessels, or be secondary
to osteomyelitis or infected para-articular tissue
(De Backer et al. 2006) (Fig. 2). As the exudative
fluid in tuberculous arthritis lacks proteolytic
enzymes, the cartilage is usually spared until
later stages of the disease (Akeson et al. 2002).
The pattern of cartilage destruction reflects the
growth of granulation tissue which can be along
the free surface of cartilage, between the carti-
lage and subchondral bone, or result from pene-
tration through the cartilage (Resnick 2002b)
(Fig. 2).

Soft tissue infections, including pyomyositis,
bursitis, tenosynovitis, and subcutaneous tissue
abscesses, can present as a primary affected site
but is more commonly a complication of
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Fig. 1 Location of osteomyelitis and distribution of
intraosseous vascular structures according to age. (a) In
infants aged less than 1.5 years, infection in the metaphy-
sis spreads via vessels traversing the growth plate leading
to infection of the epiphysis. (b) In children aged 1-16
years, infection has predilection for the metaphysis
because of its rich vascular supply. The growth plate acts
as a natural barrier to infection spreading to the epiphysis.

The infection in the metaphysis may spread under the
periosteum and extend to the surrounding soft tissues
(arrows in a and b). (¢) Isolated epiphyseal osteomyelitis
may occur due to spread via the epiphyseal nutrient artery.
(d) In adults, epiphyseal vessels passing through the
closed physis allow infection to reach subchondral bone.
Osteomyelitis in the epiphysis and subchondral bone can
spread to the joint resulting in tuberculous arthritis
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Fig. 2 Patterns of spread causing tuberculous arthritis
and cartilage destruction. Joint infection spreads from (a)
subsynovial vessels, (b) osteomyelitis, or (c) infected
para-articular soft tissues. Destruction of the cartilage by

osteomyelitis or arthritis. Tuberculous tenosyno-
vitis and bursitis initially develop as a serous
effusion, followed by synovial thickening, and
accumulation of tissue debris and caseous mate-
rial. Eventually, debris and synovial thickening
become prominent and there is minimal effusion.
Tenosynovitis may lead to tendon tethering or
rupture (Jaovisidha et al. 1996).

3 Clinical Features
and Complications

Musculoskeletal TB is a disease that affects all
age groups but there is a predilection for children
and the elderly (Perez-Velez and Marais 2012;
Arora and Chopra 2019). Clinical features of
musculoskeletal TB are variable and non-specific.
Infected patients can present with chronic pain,
limb deformity, dislocation, pathological frac-
ture, palpable mass as a result of abscess forma-
tion, or draining skin sinus. Fever is infrequent
and is mostly associated with disseminated
infection (Naidoo et al. 2017). Multifocal lesions

granulation tissue can be (i) deep from subchondral bone,
(ii) over the cartilage surface, or (iii) through penetration
of the cartilage

occur in 7-11% of patients and are commonly
associated with HIV infection, children, or poor
physical status (Prasad et al. 2012; Pigrau-
Serrallach and Rodriguez-Pardo 2013; Naidoo
et al. 2017; Suarez et al. 2019). Not all lesions are
symptomatic, and different stages of destruction
and healing can be expected as a result of multi-
ple episodes of hematogenous seeding of the
organism and variable local tissue immunity.
The major predisposing factors of musculo-
skeletal TB are conditions leading to immuno-
suppression, caused by diseases or treatment
(Hodkinson et al. 2009; Lin et al. 2009). Tissue
injury, either by trauma or surgery, is a predispos-
ing factor because of increased vascular supply
and impairment of the local immune system.
Tuberculous infection has been reported follow-
ing different types of surgery such as fracture
fixation (Kumar et al. 2006), reconstruction of
the anterior cruciate ligament of the knee (Nag
et al. 2009), and sternotomy (Gopal et al. 2007).
Inflammatory joint disease may also predispose
to tuberculous arthritis (Bryan et al. 1982; Hortas
et al. 1988). Prosthetic joint infection due to TB
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is uncommon. Three pathogenic mechanisms
have been reported: (1) Active tuberculous arthri-
tis present at the time of surgery but not known to
clinician; (2) Hematogenous spread from a dis-
tant focus; and (3) Surgical trauma resulting in
activation of previous unknown TB (Hugate and
Pellegrini 2002; Khater et al. 2007; Carrega et al.
2013; Harwin et al. 2013).

Bone and joint infections often subsequently
progress to soft tissue abscesses. Tuberculous
abscess typically has a minimal inflammatory
response, and is also called a cold abscess. If
untreated, the soft tissue abscess may form a
sinus tract which drains to the skin. In the imma-
ture skeleton, bone and joint tuberculosis may
cause limb length discrepancy and deformity. In
tenosynovitis of the wrist, thickened synovial tis-
sue and debris can envelop the median nerve,
resulting in the carpal tunnel syndrome
(Hassanpour and Gousheh 2006).

4 Imaging Features

4.1 Radiography

Radiographs are the main modality used in the
detection of musculoskeletal infection. Due to
the typically late and indolent clinical presenta-
tion, radiographs commonly reveal the advanced
stages of disease with considerable structural
destruction. The features of tuberculous osteo-
myelitis are a well-defined osteolytic lesion usu-
ally located in the metaphysis of long bones with
or without sclerotic reaction, cortical expansile
remodeling, sequestrum, and  periostitis.
Transphyseal spread is a characteristic feature of
tuberculous osteomyelitis, a finding which is
unusual for bacterial infection (De Vuyst et al.
2003) (Figs. 3, 4, and 5). An isolated epiphyseal
lesion resulting from epiphyseal vessel spread
may sometimes occur (Fig. 6)

Multifocal tuberculous osteomyelitis, also
called osteitis cystica tuberculosa multiplex, is an
unusual form of osteomyelitis that occurs in chil-
dren more often than in adults (Shikhare et al.
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Fig. 3 Tuberculous osteomyelitis with transphyseal
spread in an 8-month-old male infant who had swelling of
the leg for 1 month. Frontal radiograph shows an osteolytic
lesion in the metaphysis with bone expansion and thick
laminated periosteal reaction. Note the osteolytic lesion in
the epiphysis (arrow) indicating transphyseal spread

Fig. 4 Tuberculous osteomyelitis of the calcaneus in a
10-year-old girl who presented with a draining sinus in the
heel. Lateral radiograph shows an osteolytic lesion with
sclerotic reaction. Note the cortical bone destruction cor-
responding to the location of the sinus (arrows)



N. Pattamapaspong and W. C. G. Peh

Fig. 5 Tuberculous osteomyelitis with transphyseal
spread and arthritis in a 4-year-old girl. (a) Frontal radio-
graph shows an osteolytic lesion in the metaphysis with
extension to the proximal femoral epiphysis. (b) Coronal
contrast-enhanced fat-suppressed T1-weighted MR image
shows transphyseal extension of the intraosseous abscess
and synovial enhancement indicating joint involvement.

2011). The disease manifests radiographically as
well-defined osteolytic lesions resembling bone
cysts of variable sizes. Sclerotic changes at the
lesion margins are usually minimal and when
present support evidence of healing (Tiwari et al.
2007) (Fig. 7).

(c) Frontal radiograph taken at 2-year follow-up after
treatment shows a flattened left femoral epiphysis mim-
icking the changes of Perthes disease. Note the sclerotic
changes due to healed osteomyelitis. (Courtesy of Dr.
Thanat Kanthawang, Faculty of Medicine, Chiang Mai
University, Thailand)

Tuberculous dactylitis or osteomyelitis of the
short tubular bone of hands and feet commonly
occurs in younger patients, particularly children
aged less than 6 years (Ranjan et al. 2019).
These patients often present with soft tissue
swelling and flexion deformity. Characteristic
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Fig. 6 Tuberculous epiphyseal osteomyelitis in a 2-year-
old boy who had right knee swelling for 4 months. Frontal
radiograph of the knee shows an osteolytic lesion in the
femoral epiphysis

Fig. 7 Multifocal
16-month-old boy. (a) Frontal radiograph of both ankles
shows multifocal osteolytic lesions (arrows). (b) 8-month
follow-up frontal radiograph shows variable degrees of

tuberculous osteomyelitis in a

radiographic features include an osteolytic
lesion, fusiform expansion of the bone and thick
periosteal reaction, leading to the term spina
(short bone) ventosa (inflated with air) (Fig. 8).
In the mild form of the disease, dactylitis causes
soft tissue swelling and periosteal reaction.

The radiographic hallmark of tuberculous
arthritis, described as the Phemister triad, con-
sists of marginal bone erosions, juxta-articular
osteoporosis, and relatively preserved joint space
(Phemister and Hatcher 1933) (Figs. 9, 10, and
11). Large subchondral bone destruction, due to
intraosseous abscesses, may be present (Fig. 10).
Widespread disease may also occur in the inter-
connecting joints of the wrist and midfoot
(Dhillon and Nagi 2002; Hsu et al. 2004)
(Fig. 11). Soft tissue abscesses, tenosynovitis, or
bursitis can lead to a large soft tissue mass detect-
able on radiographs (Fig. 10a). Associated soft
tissue calcification is a suggestive sign of tuber-
culous infection (Sharma et al. 1978) (Fig. 12).

Apart from structural damage by granuloma-
tous formation, radiographs can demonstrate

sclerotic change around the lesions indicating different
stages of healing. Note overgrowth of the medial left tibial
epiphysis (open arrow)
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Fig. 8 Tuberculous dactylitis (or spina ventosa). Frontal
radiograph of the ring finger shows an ill-defined osteo-
lytic lesion of the proximal phalanx with cortical destruc-
tion. There is surrounding soft tissue swelling. (Courtesy
of Prof. Mohamed Fethi Ladeb, MT Kassab Institute of
Orthopaedics, Tunis, Tunisia)

complications such as pathological fracture
(Fig. 13), dislocation (Figs. 14 and 15), limb
length discrepancy, and deformities. Enlarged
epiphyses result from reactive hyperemia affect-
ing the growing ossification center (Fig. 7b). In
the hip, gradual joint destruction in the weight-
bearing joint causes bone remodeling and acetab-
ular protrusion (Fig. 16a). Fibrous ankylosis
occurs as an end-stage of the disease (De Vuyst

et al. 2003). Bony ankylosis is uncommon in
tuberculosis except in cases with surgical inter-
vention (Parsa et al. 2018).

4.2 Computed Tomography

Computed tomography (CT) helps better demon-
strate the features of TB detected by radiographs,
particularly ~ bone  erosions,  sequestrum
(Fig.10b—d), pyomyositis, and soft tissue calcifi-
cation (Figs. 15b, ¢ and 17). CT enables detailed
evaluation of abscess extension, internal organ
involvement, and disseminated disease (Fig. 18).
CT is particularly useful in the assessment of
chest wall infection, which has a predilection for
the sternal margin because of spread of infection
via the internal mammary lymph nodes (Bergeron
etal. 2017) (Fig. 19a). Other affected sites are the
sternoclavicular joint, costochondral junction, rib
shafts, and costovertebral joints (Morris et al.
2004). Mediastinal extension is well demon-
strated by CT (Fig. 20). CT is also useful for
guiding biopsy.

4.3 Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) is the most
useful modality for the evaluation of musculo-
skeletal TB, as it provides a good demonstration
of inflammatory processes in bones, joints, and
soft tissues (Figs. 5b, 9b—d, and 19b, c¢). The min-
imal inflammatory response of the tissues around
an abscess is a characteristic finding of tubercu-
lous infection (Fig. 21). Sinus formation is seen
as “tram-track” enhancement extending from the
infected site to the skin (Figs. 14¢, d and 22). In
children, MRI allows better evaluation of
transphyseal spread, articular involvement, and
infection of the unossified part of the epiphysis
(Figs. 5b and 23).

A characteristic sign of abscess formation on
MRI is the presence of a penumbra, which refers
to the Tl-hyperintense wall of abscess
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Fig.9 Tuberculous arthritis in a 68-year-old woman who
had chronic left ankle pain. (a) Frontal radiograph shows
erosions (arrows) with relatively spared joint spaces.
Coronal (b) T2-weighted and (¢) contrast-enhanced fat-
suppressed T1-weighted MR images show large bone ero-

representing vascularized granulation tissue
(Grey et al. 1998) (Fig. 23). This penumbra sign
has a high specificity (96%) for chronic abscesses
and helps in differentiating musculoskeletal
infection from tumors (McGuinness et al. 2007).
However, the sign is not specific to TB, and

sions with enhanced granulation tissue (arrows). (d)
Sagittal MR image using the water-selective cartilage
(WATSc) sequence shows a relatively intact cartilage sur-
face (open arrow) with subchondral extension of the gran-
ulation tissue (*)

abscess formation from other organisms can also
produce this sign. Rarely, this sign has also been
reported in chondrosarcoma, eosinophilic granu-
loma, fibrous dysplasia, pigmented villonodular
synovitis, and benign cystic lesions (Grey et al.
1998; McGuinness et al. 2007).
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Fig. 10 Tuberculous arthritis in a 54-year-old man who
had right hip pain and a groin mass for 4 months. (a)
Frontal radiograph shows right hip joint destruction and
juxta-articular osteoporosis. Note the large soft tissue
shadow in the right upper thigh (open arrows). (b) Coronal

In tuberculous arthritis, MRI can demon-
strate the cartilage and bone destruction caused
by granulation tissue. With the lack of proteo-
lytic enzymes, focal areas of relatively intact
cartilage may be present between the areas of
granulation tissue (Fig. 9d). Synovial prolifera-
tion with heterogeneous intermediate to hypoin-

and (c) sagittal CT images show large bone erosions
around the right hip joint (black arrowheads). (d) Axial
contrast-enhanced CT image shows sequestra (arrows)
and a large para-articular abscess (arrowheads)

tense signal on T2-weighted images is found in
approximately 40% of tuberculous arthritis
(Sawlani et al. 2003) (Fig. 16b). Tissue compo-
nents in caseous necrosis, including fibrosis,
macrophage infiltration, and free radicals
from macrophage by-products, contribute to
T2-hypointense signal in tuberculous synovitis
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Fig. 11 Tuberculous arthritis in a 33-year-old man who
had a right wrist pain for 3 weeks. Frontal radiograph
shows extensive bone erosions in the interconnecting
joints of the wrist, and prominent juxta-articular osteopo-
rosis with relatively preserved joint spaces

Fig. 12 Soft tissue tuberculosis with calcification in a
57-year-old woman who had index finger swelling for 1
month. (a) Frontal and (b) lateral radiographs show soft
tissue swelling, flexion deformity, subluxation of the

(Suh et al. 1996; Sawlani et al. 2003) (Fig. 16b).
Presence of rice bodies in the joint, bursa, or
tendon sheath is a sign of chronic synovitis, a
feature also sometimes seen in tuberculous
infection. Rice bodies have been described in
various rheumatic diseases including rheuma-
toid arthritis, juvenile idiopathic arthritis, or
osteoarthritis (Griffith et al. 1996; Forse et al.
2012; Subramaniam et al. 2012). Rice bodies
represent debris whose shape resembles grains
of rice, and consists of fibrin collagen and
mononuclear cells (Popert 1985) (Fig. 24).

4.4 Ultrasound Imaging

Ultrasound (US) imaging is a good modality for
the detection of joint effusion, synovial thickening,
bone erosion, and soft tissue extension. There is
often very marked synovial thickening which con-
trasts with low volume joint effusion. Para-articular

s

proximal interphalangeal joint, and small soft tissue calci-
fications (arrow). Surgery revealed soft tissue abscess, and
rupture of the extensor digitorum tendon and joint
capsule
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Fig. 13 Tuberculous osteomyelitis with pathological
fracture in a 9l-year-old woman. Frontal radiograph
shows an oblique fracture through a permeative osteolytic
lesion in the proximal phalanx of the finger

Fig. 14 Tuberculous arthritis with joint subluxation in a
49-year-old woman with connective tissue disease who
had left wrist pain and draining sinus. (a) Frontal radio-
graph shows extensive destruction of the carpal and adja-
cent bones of the wrist with juxta-articular osteoporosis.

abscess, rice bodies, and granulomatous calcifica-
tions are well detected (Fig. 25). US imaging can
also be used for guiding fluid aspiration.

4.5 Nuclear Medicine Imaging
Nuclear medicine imaging studies allow detec-
tion of multifocal infection and monitoring of
disease but its utility limited by low specificity.
Three-phase  *Mtechnetium (Tc) methylene
diphosphonate (MDP) bone scintigraphy is posi-
tive in active and healing osteomyelitis. Gallium
scintigraphy and labeled leukocyte imaging help
identification of active infection (Palestro et al.
2006). Whole-body [Fluorine-18]-fluoro-2-
deoxy-D-glucose positron-emission tomography
(8F-FDG PET) has a gradually increasing role in
detecting multifocal lesions, assessing disease
activity, and monitoring response to treatment
(Ankrah et al. 2016). Active TB has avid tracer
uptake (Fig. 26). Since ¥F-FDG is a non-specific
tracer, it may cause a false-positive diagnosis in
patients being evaluated for tumor metastasis.

L
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(b) Lateral radiograph shows dorsal subluxation of the
distal radioulnar joint (arrow). Axial (c) short tau inver-
sion recovery (STIR) and (d) contrast-enhanced fat-
suppressed T1-weighted MR images show a “tram-track”
sinus tract (arrowheads)
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Fig. 15 Tuberculous arthritis with subluxation in a images obtained in (b) soft tissue and (¢) bone window
6-year-old girl who had left hip pain and limb length dis-  settings show distension of the joint by a large effusion
crepancy. (a) Frontal radiograph shows destruction of the ~ (arrows), posterior subluxation of the femoral head (F),
left hip joint and shortening of the left limb. Axial CT and a calcified abscess (open arrow)
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Fig. 16 Tuberculous arthritis in a 74-year-old woman  Sagittal (b) T2-weighed and (c) contrast-enhanced fat-
who had a right hip pain for 2 weeks. (a) Frontal radio-  suppressed T1-weighted MR images show T2-hypointense
graph shows destruction of the right hip joint with medial ~ synovitis with rim enhancement (arrows)

wall deformity of the acetabulum (protrusio acetabuli).
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Fig. 17 Tuberculous soft tissue abscess in a 65-year-old
man who had a slow-growing mass in the left thigh for 1
year. Axial (a) unenhanced and (b) contrast-enhanced CT

Fig. 18 Disseminated tuberculosis in a 50-year-
old woman with connective tissue disease. (a)
Axial contrast-enhanced CT image shows a deep
soft tissue abscess adjacent to the right posterior
hip joint and posterior ischium with extension deep
to the gluteus minimus and obturator internus
muscles (arrows), lateral to the ischiorectal fossa.
(b) Coronal contrast-enhanced CT image shows
splenic abscesses and a subcutaneous tissue
abscess with a sinus tract in the left buttock
(arrowhead)

images show a large abscess with rim-enhancing wall and
calcifications (arrows)
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Fig. 19 Tuberculous osteomyelitis of the sternum in a and (¢) axial contrast-enhanced fat-suppressed
44-year-old woman who presented with a painless ante- T1-weighted MR images of the sternum show an intraos-
rior chest wall mass. (a) Coronal CT image shows an  seous abscess with anterior soft tissue extension (arrow)
osteolytic lesion at the right sternal border. (b) Coronal

Fig. 20 Tuberculous osteomyelitis of the chest
wall in a 47-year-old woman with tricuspid valve
replacement who presented with a painful left
breast mass. Axial contrast-enhanced CT image
shows a chest wall abscess at the left costochondral
junction and mediastinal extension abutting the
pericardium (arrow)
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Fig. 21 Tuberculous
osteomyelitis and
arthritis, with an
associated large soft
tissue abscess in a
71-year-old man who
had slow-growing thigh
mass for the past | year.
(a) Frontal radiograph of
the right knee shows an
osteolytic lesion in the
femur with sclerotic
borders (arrowheads),
marginal bone erosion
(arrow), and a large soft
tissue mass (open
arrow). Coronal (b)
T1-weighted, (c)
fat-suppressed
T2-weighted, and (d)
contrast-enhanced
fat-suppressed
T1-weighted MR images
show osteomyelitis in
the distal femur
(arrowheads), synovial
enhancement with bone
erosion (arrows), and a
large subcutaneous
abscess (open arrows)
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Fig. 22 Tuberculous arthritis and tenosynovitis with a  T1-weighted MR images show bone marrow signal abnor-
sinus tract in a 41-year-old man who had wrist pain and a  mality in the carpal bones, synovitis in the flexor tendon
draining sinus for 6 months. Axial (a) T1-weighted, (b) sheath, and a “tram-track” sinus tract (arrows)

STIR, and (c) contrast-enhanced fat-suppressed
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Fig. 23 Tuberculous osteomyelitis with transphyseal
spread in a 1-year-old girl who had wrist pain and swell-
ing for 1 month. Coronal (a) T1-weighted, (b) STIR, (c)
contrast-enhanced fat-suppressed T1-weighted, and (d)
3D spoiled gradient-recalled (SPGR) MR images show

osteomyelitis in the metaphysis of the radius with trans-
physeal spread into the unossified epiphysis (arrows).
Note extension to form an adjacent soft tissue abscess
with the penumbra sign (arrowheads)
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Fig. 24 Tuberculous tenosynovitis with rice bodies in a MR images show T2-hypointense rice bodies in the exten-
70-year-old woman who had a soft tissue mass at the  sor digitorum tendon sheath (arrows). Note the rice bodies
ankle for 1 year. Axial (a) T1-weighted, (b) T2-weighted, are imperceptible on the T1-weighted image and do not
and (c) contrast-enhanced fat-suppressed T1-weighted enhance
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Fig. 25 Tuberculous arthritis of the left shoulder with
subdeltoid bursitis in a 68-year-old man who had left
shoulder pain for 10 months. (a) Frontal radiograph shows
bone erosions (arrows) in the humeral head and soft tissue
swelling (open arrow) superior to the shoulder joint. (b)

Fig. 26 '*F-FDG PET/CT of tuberculous osteomyelitis.
83-year-old man with thoracic aortic dissection who had
prolonged fever after thoracic aortic stent-graft placement.
Sagittal (a) CT and (b) PET/CT fusion images show an

Longitudinal US image shows erosions in the humeral
head (arrows) with echogenic effusion in the subdeltoid
bursa (arrowheads). (¢) Transverse US image of the shoul-
der shows rice bodies in the echogenic joint fluid within
the subdeltoid bursa

intense metabolic-active destructive osteolytic lesion in the
sternum (arrows). Biopsy revealed caseating granuloma-
tous inflammation. (Courtesy of Dr. Tawika Kaewchur,
Faculty of Medicine, Chiang Mai University, Thailand)
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able resumptive imaging signs of tuberculous
5 Imaging Differentia Table 1 Presumptive imaging signs of tubercul
Diagnosis arthritis
Subchondral Osteopenia
5.1  Tuberculous Osteomyelitis bone Mild bone sclerosis

Intraosseous abscesses cause well-defined osteo-
lytic lesions mimicking tumor or tumor-like con-
ditions such as simple bone cyst, aneurysmal
bone cyst, chondroblastoma, or intraosseous
tophi. Multifocal tuberculous osteomyelitis
shares similar imaging features with eosinophilic
granuloma, bone metastases, and multiple
myeloma. The differential diagnosis of tubercu-
lous dactylitis includes other conditions affecting
short tubular bones such as vaso-occlusive insult
of sickle cell disease, eosinophilic granuloma,
and enchondroma (Ejindu et al. 2007; Ranjan
et al. 2019). Tuberculous osteomyelitis of the
femoral capital epiphysis in children can cause
flattening and sclerotic changes, with an imaging
appearance similar to Perthes disease (Agarwal
2020) (Fig. 5c). Presence of abscess formation,
penumbra sign, and track-like transphyseal
spread help in distinguishing abscesses from
other conditions.

5.2 Tuberculous Arthritis
The clinical and radiological appearances of pyo-
genic arthritis and inflammatory arthritis share
some similar features with tuberculous arthritis.
Bone erosions, subchondral bone marrow edema,
and inflammatory changes of the surrounding soft
tissues due to pyogenic arthritis are more promi-
nent than those of TB. The abscess walls in TB
tend to be smooth and thin, while they are typi-
cally irregular and thick in pyogenic arthritis
(Hong et al. 2001). Although rare, coexistent TB
and pyogenic arthritis have been reported (Dojode
et al. 2018). The main presumptive imaging signs
of tuberculous arthritis are summarized in Table 1.
Rheumatoid arthritis typically presents as a
symmetrical polyarticular disease. However, the

Large bone erosions containing
sequestra

Mild bone edema (on MRI)

Slow and progressive narrowing
Prominent synovial thickening
Synovial calcifications

Different age of synovitis (on MRI)
Mild effusion with T2-hypointense
signal (on MRI)

Smooth wall abscess, with
calcifications of the abscess wall

Joint space

Soft tissues

disease may initially manifest as a monoarticu-
lar involvement and persist in that stage for a
long time. Both rheumatoid and tuberculous
arthritis can cause juxta-articular osteoporosis
and heterogeneous T2-hypointense synovitis.
Synovitis related to rheumatoid arthritis tends to
be uneven and thick, while tuberculous synovi-
tis is smooth and thin. Large bone erosions and
para-articular abscesses favor tuberculosis
(Choi et al. 2009).

The destruction pattern of TB in the foot may
mimic neuropathic joint disease. Tuberculous
arthritis, particularly in the interconnected joints
of midfoot, has potential for widespread destruc-
tion, similar to the pattern seen in neuropathic
joint disease. In contrast to neuropathic joint,
severe osteoporosis is the hallmark of tubercu-
lous arthritis during the active stage (Dhillon and
Nagi 2002). The presence of para-articular
abscesses and draining sinus leads to the diagno-
sis of infectious arthritis (Zacharia et al. 2003)
(Fig. 27).

On MRI, synovial chondromatosis manifests
as intra-articular loose bodies with hypointense
signal on T2-weighted images, similar to that of
rice bodies. However, on T1-weighted images,
the signal intensity of synovial chondromatosis
loose bodies is hyperintense, while that of rice
bodies of TB are almost imperceptible (Chen
et al. 2002) (Fig. 28).
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Fig. 27 Tuberculous arthritis in a 33-year-old woman
who had left foot pain and a draining sinus in the dorsal
foot for 1 month. (a) Frontal radiograph shows narrowing
of the joint spaces of the midfoot and Lisfranc joint sub-
luxation (open arrow), resembling a neuropathic joint.
Coronal (b) fat-suppressed T2-weighted and (c¢) contrast-
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Tuberculous myositis and bursitis can present
as a slow-growing mass that clinically simu-
lates a tumor (Batra et al. 2007). Infection tends
to spread along the low resistant space under
the fascia (Soler et al. 2001). CT, MRI, and US
imaging allow detection of the abscess and
evaluation of the extent of disease. The calcifi-
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enhanced fat-suppressed T1-weighted MR images show
extensive bone marrow edema and enhancement of the
midfoot bones. Note the inflammation of the dorsal sub-
cutaneous soft tissues (arrows) corresponding to the loca-
tion of the sinus tract

cation of granulomatous tissue at the wall of
abscesses is characteristic of TB, but can also
be a feature of other chronic bacterial infec-
tions (Coppola et al. 1987; Pattamapaspong and
Muttarak 2011). Tuberculous abscesses of the
anterior chest wall can be clinically confused
with breast masses (Chung et al. 1996; Arslan
et al. 1999; Jain et al. 2009; Teo et al. 2009)
(Fig. 20). CT and MRI help confirm the precise
location of the disease.
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Fig. 28 Synovial chondromatosis. Coronal (a)
T1-weighted, (b) T2-weighted, and (c) contrast-enhanced
fat-suppressed T1-weighted MR images of the left hip

6 Diagnosis Confirmation

The definite diagnosis of musculoskeletal TB
requires positive culture or smear microscopy
from pus or infected tissue. However, smear
microscopy has a low sensitivity (less than
40%), causing difficulty in diagnosis (Natarajan
et al. 2020). Culture may yield 80% sensitivity
but takes 6-8 weeks, resulting in a delay of
treatment and potential further structural dam-
ages (Gardam and Lim 2005). Molecular meth-

osteochondral bodies which

show
T1-hyperintense signal, T2-hypointense signal and do not
enhance (arrows)

show faintly

ods examining for the presence of M.
tuberculosis-specific DNA in biopsy and cytol-
ogy specimens provide timely reliable diagnos-
tic results and early identification of
drug-resistant strains (Ghanekar et al. 2019;
Natarajan et al. 2020). The histopathological
findings of granulomatous and necrotizing
inflammatory reaction, although non-specific,
help suggest the diagnosis of TB. Infected spec-
imens should be taken from the depth of the
infected site to avoid contamination by other
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organisms at the sinus tract. In endemic areas or
in patients with a risk of exposure to TB, diag-
nosis that is based on the combination of clini-
cal, imaging, and histopathological findings is
practically acceptable (Ghanekar et al. 2019).

7 Treatment

Musculoskeletal TB is typically treated using
anti-TB drugs. The optimal treatment duration
remains debatable but a 9-12 month course is
recommended (Nahid et al. 2016). Surgical inter-
vention aims to facilitate healing, prevent the
spread of the infection, and maintain function. If
performed, debridement needs to include sinus
tracts which may not be possible by the standard
incision; thus imaging plays a role in surgical
planning (Dhillon et al. 2017). Arthrodesis or
arthroplasty may be necessary in order to relieve
pain and maintain function. Surgery can provide
successful outcome when combined with ade-
quate anti-TB drug treatment (Dhillon et al.
2017; Parsa et al. 2018).

The response to treatment is judged by clinical
and radiological improvement. Clinically, fever,
night sweats, weight loss, and draining sinuses
should resolve. Radiological signs of healing
include resolution of abscesses and bone marrow
edema, with gradual remineralization of affected
bones. No improvement or deterioration of the
disease after five months of treatment should
raise the concern of treatment failure. Follow-up
for at least 2 years after completing the course of
treatment is recommended for monitoring of pos-
sible disease relapse (World Health Organization
and Ministry of Health and Family Welfare,
Government of India 2016).

8 Conclusion

Extraspinal musculoskeletal TB has various clin-
ical manifestations and imaging findings, depend-
ing on whether the affected sites are the bone,
joint, or soft tissues. Imaging studies are valuable
tools in lesion detection and achieving an accu-
rate diagnosis, bearing in mind that TB can mimic

a number of other musculoskeletal diseases.
Although non-specific, certain patterns of struc-
tural destruction accompanied by abscesses with
minimal inflammatory reaction, soft tissue calci-
fication and sinus tracts are suggestive of
TB. When combined with the appropriate clinical
context, these characteristic imaging features
lead to timely diagnosis and appropriate
treatment.
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Abbreviations

AIDS Acquired immunodeficiency
syndrome

ART Anti-retroviral therapy

CDh4 Lymphocyte T CD4

CD8 Lymphocyte T CD8

DR-TB Drug-resistant tuberculosis

EPTB Extrapulmonary tuberculosis

HIV Human immunodeficiency
virus

INH Isoniazid

LTBI Latent TB infection

MDR-TB  Multidrug-resistant tuberculosis

PLHIV People living with human
immunodeficiency virus

TB Tuberculosis

XDR-TB  Extensively drug-resistant
tuberculosis

1 Introduction

Tuberculosis (TB) is a serious disease found
mainly in low- and middle-income countries,
where it is a challenge in terms of diagnosis
and treatment. TB is a communicable disease
that is a major cause of ill health, one of the
top ten causes of death worldwide and the
leading cause of death from a single infectious
agent. The human immunodeficiency virus
(HIV) epidemic has led to increased TB notifi-
cation rates as well as increased morbidity and
mortality of TB (Mukadi et al. 2001).
Moreover, HIV infection has been found to be
the most significant risk factor for developing
active TB and for TB reactivation in persons
with latent TB infection (LTBI) (Styblo 1991).
Anti-retroviral therapy (ART) has been proven
to reduce mortality in patients with HIV-
associated TB (World Health Organization
2019). The World Health Organization (WHO)
recommends systematic screening for TB
among people living with HIV (PLHIV).

2 Epidemiology
of Tuberculosis in People
Living with HIV

Globally, approximately 10 million people fell ill
with TB in 2020, with around 1.3 million TB
deaths among HIV-negative people and an addi-
tional 214,000 deaths among HIV-positive peo-
ple (World Health Organization 2021a). HIV
infection increases the TB rates in all countries.
TB is still the most common opportunistic infec-
tion worldwide (World Health Organization
2021a). The TB-HIV co-infection rate is different
according to various subgroups, being higher for
vulnerable populations. The prevalence of
TB-HIV co-infection is 6% among prisoners and
24% among migrants (Dememew et al. 2020;
Sema Baltazar et al. 2020). Furthermore, TB-HIV
co-infection is still frequent despite the use of
ART (Moore et al. 2007). For people with TB,
56% are men and 8.2% are HIV co-infected
(World Health Organization 2021b).

Recently, the WHO has recommended starting
ART for all PLHIV who are co-infected with TB
as soon as possible, within 2 weeks of initiating
TB treatment, regardless of CD4 count (World
Health Organization 2021b). HIV co-infection
with multidrug/extensively drug-resistant TB
(MDR/XDR-TB) is a potential threat with chal-
lenging management. HIV is responsible for all
forms of MDR/XDR-TB epidemics (World
Health Organization 2008). The treatment suc-
cess rates are different in different countries.
Overall, the treatment success rate for PLHIV
co-infection with TB is 76%, and the proportion
of HIV-positive patients with TB who die during
TB treatment is 11% (Izudi et al. 2019).

3 Clinical Issues in the Care
of People with HIV-TB
Co-infection

The four symptoms (recurrent cough, night
sweats, weight loss, fever) in the screening tool
integrated in the WHO guidelines for intensified
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TB case finding have poor specificity and subop-
timal sensitivity. Subclinical TB among HIV-
infected people is frequent (Oni et al. 2011).
Cases of subclinical TB present with an interme-
diate degree of immunosuppression, as reflected
by a median CD4 of more than 200/mm? (Bajema
et al. 2019).

3.1 Latent Tuberculosis Infection
LTBI is defined as a state of persistent immune
response to stimulation by Mycobacterium tuber-
culosis antigens without evidence of clinically
manifested TB. The vast majority of infected
people have no signs or symptoms of TB
(Ilievska-Poposka et al. 2018). The WHO and the
United States Department of Health and Human
Services recommend screening all PLHIV for
LTBI at the time of HIV diagnosis, regardless of
their epidemiological risk factors or TB exposure
history. The two currently available methods for
diagnosis of LTBI are the tuberculin skin test
(TST) and interferon-gamma release assay
(IGRA) (Bares and Swindells 2020).

3.2  Active Tuberculosis

3.2.1 Pulmonary Tuberculosis

PLHIV are 15-22 times more likely to develop
active TB than people without HIV, and active
TB disease can develop after recent exposure to
M. tuberculosis (primary disease) or with reacti-
vation of latent infection (Bares and Swindells
2020). The increased risk of active TB begins in
the first year after HIV infection and rises with
progressive immunodeficiency  (Sonnenberg
et al. 2005). In fact, TB can occur at any stage of
HIV disease, and its manifestations depend
largely on the level of immunosuppression
(Wondimeneh et al. 2012). In patients with rela-
tively intact immune function (CD4 cell count
>200/mm?), pulmonary TB is more frequently
seen than extrapulmonary TB (EPTB) (Zumla
et al. 2000). During early HIV disease, symptoms

and signs are similar to those in HIV-uninfected
people. The lungs are most commonly affected,
with cough, fever, and respiratory signs along
with chest radiographical lesions, often with cav-
itations (Swaminathan et al. 2010).

3.2.2 Extrapulmonary Tuberculosis
HIV infection and immunological status of the
patient are determinant factors in clinical features
and outcome of TB disease. Multiple studies
have suggested that among PLHIV, EPTB is
more frequent than localized pulmonary TB in
patients with CD4 cell count <100/mm? (Leeds
et al. 2012). This same level of CD4 cell count is
also retained as an independent associated risk
factor for severe EPTB (Leeds et al. 2012;
Denkinger et al. 2014). To explain the association
between low CD4 cell count and occurrence of
EPTB and severe involvement, Leeds et al.
(2012) have suggested that severe immunodefi-
ciency status is associated with the decrease of T
lymphocyte activation and interferon-gamma
production, which increases the risk of TB
reactivation. Among all TB cases in PLHIV, 25%
are EPTB and lymph nodes are the most frequent
site (Denkinger et al. 2014).

4 Diagnosis

Many tools can be used in the diagnosis of
TB-HIV co-infection. TB screening is very impor-
tant among PLHIV in order to start isoniazid pro-
phylaxis therapy (IPT) or TB treatment, and to
reduce mortality. Several tools may be used, such
as molecular tests and IGRA among others.

4.1 Latent Tuberculosis Infection

The available tests for the diagnosis of LTBI have
limitations that pose great challenges for both the
diagnosis and treatment of these patients (Klautau
and Kuschnaroff 2005). The main diagnostic cri-
teria for active TB are microbiological, i.e., pres-
ence of sputum with positive direct bacilli smear
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and culture, or pathological examination showing
caseating granulomas, and acid-fast bacilli (AFB)
in tissue specimens. ART initiation constitutes
the best timing for the screening and treatment of
LTBL

4.1.1 Tuberculin Skin Test

TST is performed with intradermal administra-
tion of 0.1 ml purified protein derivative. The
WHO concludes that TST may be inadequate for
diagnosing LTBI in immunocompromised indi-
viduals due to HIV infection (World Health
Organization 2021b). The chronic state of immu-
nosuppression in PLHIV may lead to false-
negative TST results. That is the reason why the
CDC recommends retesting PLHIV when the
CD4 count is more than 200/mm?.

Interferon-Gamma Release

Assay

IGRA is a blood test which evaluates the produc-
tion of interferon-gamma by lymphocytes after
stimulation by specific antigens of M. tuberculo-
sis. IGRA is a sensitive test when screening
PLHIV for LTBI. A negative IGRA test in PLHIV
strongly excludes LTBI. In contrast, those with
positive IGRA are more likely to have LTBI
(Klautau et al. 2018).

4.1.2

4.2 Active Tuberculosis

4.2.1 Chest Radiography

The WHO still considers chest radiographs to be
an important modality in the diagnosis of
TB. However, this exam has low specificity and
may be associated with overdiagnosis of TB,
resulting in unnecessary TB treatment (Cudahy
et al. 2017). Chest radiographs remain a useful
adjuvant test in smear-negative pulmonary TB to
guide further patient management in high
TB-HIV prevalence settings. But it has low spec-
ificity in the diagnosis of culture-confirmed
TB-HIV-co-infected individuals (Davis et al.
2010). Tiamiyu et al. (2020) noted that chest
radiographs were reported as typical of TB in
only 24 (16%) of patients, while the rest (126,

84%) were reported as atypical. This makes diag-
nosis of TB even more challenging to clinicians.
This poor performance may be attributed to the
non-specific chest radiographical patterns and
difficulty in interpretation (Jaeger et al. 2013).
Other HIV-related pulmonary diseases (e.g.,
Pneumocystis carinii pneumonia, bacterial pneu-
monia) may complicate chest radiographical
interpretation in PLHIV with co-infection
(Kanaya et al. 2001). Computed tomography
(CT) may suggest the diagnosis and evaluate the
disease extent.

Among PLHIV, chest radiographical signs
vary according to the CD4 count (Kouassi et al.
2013). When this level exceeds 350 cells/mm?,
TB has a classical presentation with the occur-
rence of upper lobar cavitations. However, radio-
graphs may be normal in patients with a CD4
count below 200 cells/mm?, explaining the
absence of AFB in the sputum (Hadadi et al.
2011). Apical location involvement is less fre-
quent than in immunocompetent patients.
Mediastinal lymph node enlargement, hematog-
enous dissemination, and extrapulmonary
involvement are more frequent in immunosup-
pressed patients (Kouassi et al. 2013). This can
be explained by the low level of immunosup-
pression (CD4 cell count <200/mm?) (Grover
et al. 2020). Kouassi et al. (2013) showed that
pulmonary cavitation (59.3%), infiltrates
(38.7%), and location of the lesions at the lung
apex (72%) are more common in patients with
relatively intact immune function (CD4 cell
count >350/mm?). In contrast, mediastinal
lymphadenopathy, pleural effusion, and normal
chest radiographs (9.3%) are more common in
PLHIV with CD4 cell count <200/mm?. The
scarcity of cavitation (22.3% compared to 59.3%
in PLHIV with CD4 cell count >350/mm?®) and
the increase in associated lesions become more
marked if patients are immunocompromised
(Kouassi et al. 2013). Like the infiltrates, cavitat-
ing lesions are more often bilateral, and this sug-
gests that more than one lobe is involved in most
of the cases. Therefore, a diffuse pattern in the
chest radiograph of a patient with known pulmo-
nary TB should alert the physician to the possi-
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bility of concurrent HIV infection and would
probably harden the differential diagnosis with
regard to other opportunistic infections (Hadadi
etal. 2011).

Miliary TB and pleural effusion can occur in
patients with severe immunosuppression. Miliary
dissemination occurs in 10% of PLHIV (Esteve
et al. 2010). Pleural effusion occurs in 10-23.2%
of cases, and can present on its own or bilaterally
(Hadadi et al. 2011; Kouassi et al. 2013).
Lymphadenopathies have also been reported as
an unusual mode of presentation of pulmonary
TB in PLHIV and have been found in 12.5% of
cases (Hadadi et al. 2011). Worsening of pulmo-
nary lesions can occur within 60 days after ART,
which is associated with the immune reconstitu-
tion inflammatory syndrome observed when the
CD¢4 level is less than 50 cells/mm? (Miiller et al.
2010).

4.2.2 Computed Tomography
Computed tomography (CT) is not routinely
performed in pulmonary TB. It may be indi-
cated in a number of clinical situations, such
as discrepancy between symptoms and chest
radiographical findings or in paucibacillary
TB with smear-negative sputum. Moreover,
CT can be performed to evaluate the extent of
fibrotic lesions and to assess complications as
well as associated diseases such as lymphoma,
sarcoidosis, aspergillosis, and lung cancer
(Hantous-Zannad et al. 2015). For pulmonary
TB, CT of the thorax has a sensitivity of 100%
and a positive predictive value of 86.4% (He
et al. 2017).

4.2.3 Positron-Emission Tomography

[Fluorine-18]-fluoro-2-deoxy-glucose positron-
emission tomography/CT (¥F-FDG PET/CT)
identifies areas of active inflammation by map-
ping where cells with high metabolic demand
take up the radioactively labeled glucose ana-
logue (FDG). For people recently infected with
TB, there is increased FDG uptake in the lungs
and lymph nodes (Geadas et al. 2018). Among
HIV-co-infected individuals with LTBI, lung
abnormalities on '®F-FDG PET may be

observed. Therefore, 'SF-FDG PET allows early
diagnosis of TB (Sathekge et al. 2013). In rare
cases of HIV-TB co-infection, '*F-FDG PET
cannot differentiate TB from malignancy or any
other infectious process and cannot avoid the
need for biopsy or thoracotomy (Geadas et al.
2018). Moreover, 8F-FDG PET can be used to
evaluate TB treatment response in ART
(Sathekge et al. 2011). Goyal et al. (2021)
found that in addition to diagnosis, *F-FDG
PET/CT is an excellent tool in estimating the
total disease burden, assessing response to ART
and identification of the treatment endpoint
(Goyal et al. 2021).

4.2.4 Sputum Smear and Culture

Smear microscopy is a point-of-care measure
of bacillary burden in patients with TB. The
bacillary burden of TB in sputum is a key
marker of transmission risk and disease sever-
ity. Until recently, smear microscopy has been
the mainstay of rapid TB diagnosis but lacks
sensitivity, particularly in PLHIV (Bark et al.
2011). Culture remains the gold standard for
diagnosis of TB, but its sensitivity is lower
among PLHIV compared to HIV-negative indi-
viduals. Sputum is rarely positive when
patients are co-infected with HIV and TB, as
this may be secondary to the low bacillary load
in sputum from HIV-infected patients (Ziircher
et al. 2019). However, nucleic acid amplifica-
tion test (NAAT) in sputum has demonstrated
superior performance with 97% accuracy
(Feliciano et al. 2019).

4.2.5 Nucleic Acid Amplification Test

The sensitivity of NAAT for TB diagnosis in
PLHIV is comparable to that in the general popu-
lation (Chang et al. 2012). NAAT can replace
smear culture as the initial diagnostic test for TB.
NAAT in sputum has demonstrated superior per-
formance with 97% accuracy (Feliciano et al.
2019). However, it is less sensitive in PLHIV
than in HIV-negative patients. GeneXpert
Mycobacterium tuberculosis/rifampicin (Xpert
MTB/RIF) is one of the NAATS used in several
countries. Many studies provide evidence of the
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much-improved performance of the Xpert MTB/
RIF test compared to smear microscopy. In
addition, the Xpert MTB/RIF test can detect
mutations in the rpoB gene, which occurs in
95-99% of RIF-resistant isolates, and it is con-
sidered a good indicator for MDR-TB (Ling et al.
2008).

5 Treatment

5.1 LTBI Treatment

PLHIV with LTBI are more likely to develop
active TB. Thus, it is recommended to treat LTBI
among PLHIV, as part of their care; after exclud-
ing active TB. LTBI treatment reduces the overall
risk for TB in PLHIV with positive TST by 64%
(World Health Organization 2018).

5.1.1 Adults

LTBI treatment should be given to adults living
with HIV, regardless of their CD4 cell count and
whether they are or not on ART (Lee et al. 2013).
Isoniazid (INH) monotherapy, given at the dos-
age of 5 mg/kg of body weight for 6 months, is
the standard regimen to treat LTBI in
PLHIV. Pyridoxine is coadministrated at a dos-
age of 25-50 mg per day, to prevent peripheral
neuropathy (Lee et al. 2013; World Health
Organization 2018). Recently, shorter regimens
based on rifampicin alone or INH + rifampicin or
INH + rifapentine have also been proposed
(World Health Organization 2018).

5.1.2 Pregnant Women

Because of the high risk of TB reactivation in
pregnancy and the post-partum period, pregnant
women living with HIV should be treated for
LTBI. The use of INH is preferred. However, INH
side effects and hepatotoxicity are more frequent
in pregnancy. Thus, close monitoring of liver
function is necessary. Rifampicin-based regimens
are not recommended because of limited informa-
tion about the safety of rifampicin in pregnancy
(Malhamé et al. 2016; Miele et al. 2020).

5.1.3 Children

LTBI treatment should be considered for all chil-
dren living with HIV aged more than 12 months
and living in countries with either high or low TB
incidence. Daily INH is recommended for
6 months. Short-course treatment based on
rifampicin-INH or rifapentine-INH is also possi-
ble (Harries et al. 2020).

5.1.4 Patients in Contact with Active
Cases of Multidrug-Resistant
Tuberculosis

There is currently no efficacious treatment of

LTBI caused by MDR-TB. INH monotherapy is

not effective. Fluoroquinolone monotherapy is

possible, according to the drug susceptibility
tests.  Either pyrazinamide-ethambutol or
pyrazinamide-fluoroquinolone should be consid-
ered for treating LTBI for patients at risk of
MDR-TB. The duration of treatment is six to
12 months (Vernon 2013).

5.2 Active Tuberculosis Treatment
5.2.1 Drug Regimen and Side Effects
The anti-TB drugs used to treat drug-susceptible
TB have remained largely unchanged since the
HIV epidemic. The current preferred regimen
includes a 2-month intensive phase of INH, a rifa-
mycin (rifampin or rifabutin), pyrazinamide, and
ethambutol, followed by a 4-month continuation
phase of INH plus rifampin or rifabutin. The use of
fixed dose combination (FDC) is also recom-
mended for PLHIV to reduce the pill burden (World
Health Organization 2018). Fluoroquinolone-
containing regimens have also been evaluated to
treat TB in PLHIV, and it is possible to substitute
ethambutol with moxifloxacin. Treatment inter-
ruptions for drug adverse effects are more frequent
among PLHIV co-infected with TB. Immune acti-
vation secondary to HIV has been associated with
impaired INH and pyrazinamide clearance
(Vinnard et al. 2017). That would explain why
adverse effects are more frequent for PLHIV with
TB co-infection.
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5.2.2 Drug Combinations
and Interactions

ART is recommended for all PLHIV, with or
without TB co-infection. In cases of TB
co-infection, ART must be started during TB
treatment. It is feasible and safe to start ART
within 2 weeks of TB treatment initiation, regard-
less of CD4 cell count. Using efavirenz with
rifampicin is safe and does not reduce efavirenz
efficacy. The WHO recently recommended that
dolutegravir replaces efavirenz as the preferred
drug in first-line ART regimen because it is better
tolerated and has a higher genetic barrier for
resistance (World Health Organization 2019).
Because of significant drug-drug interaction
between dolutegravir and rifampicin, it is impor-
tant to double the dose of dolutegravir to 50 mg
every 12 h (Dooley et al. 2013). Double dose of
raltegravir is an option for ART during simulta-
neous rifampicin-containing regimen of TB treat-
ment in children (Meyers et al. 2019).

5.2.3 Drug Resistance

XDR-TB-HIV treatment involves complex medi-
cation regimens with potential drug-drug interac-
tions and adverse drug reactions (Shean et al.
2013). Improved adherence to ART is associated
with improved survival in XDR-TB-HIV patients
(O’Donnell et al. 2014).

5.2.4 Duration of Treatment

The WHO recommends that PLHIV with TB
co-infection should receive at least the same
duration of TB treatment as HIV-negative patients
with TB (6 months).

Immune Reconstitution
Inflammatory Syndrome
Simultaneous TB treatment and ART use can be
associated with the immune reconstitution
inflammatory syndrome (IRIS) (Miiller et al.
2010). IRIS has been associated with a variety of
pathogens, but associated TB-HIV IRIS has been
noted in 4-54% of patients starting ART during
TB treatment (Bana et al. 2016). Some clinical
risk factors are associated with IRIS pathogene-
such as low baseline CD4 cell count

5.25

sis,

(<50-100 cells/mm?), short time interval between
the beginning of TB treatment and ART, dissemi-
nation of TB to extrapulmonary sites, and a high
bacterial load (Lai et al. 2015; Meya et al. 2016).
IRIS treatment is based on the use of corticoste-
roids. IRIS affecting the central nervous system
or producing acute respiratory distress syndrome
can be lethal, if not diagnosed in a timely manner
and treated appropriately (Karmakar et al. 2011).

6 Prevention

Without a preventive strategy, more than 30% of
PLHIV will develop TB. ART decreases the risk
of active TB, including XDR- and MDR-TB
(Granich et al. 2010). The most effective strategy
of prevention is to diagnose and treat active and
latent TB infection as soon as possible. Moreover,
the use of isoniazid prophylaxis therapy (IPT) for
PLHIV in high-TB-incidence countries is recom-
mended as a preventive strategy. Adults and chil-
dren living with HIV are susceptible to
TB. However, children are at higher risk for
active TB than adults. Thus, IPT reduces the risk
of TB among children older than 15 years old
(Ayieko et al. 2014). For immunocompromised
PLHIV, it is recommended to detect TB reinfec-
tion which may occur with low CD4 count (Ayele
etal. 2015). Despite the use of the Mycobacterium
bovis bacille Calmette—Guérin (BCG) vaccine,
TB is still frequent (Delany et al. 2014). Indeed,
the BCG vaccine is more effective in low-TB-
incidence countries and is more effective to pre-
vent severe TB in young children (Khoshnood
et al. 2018).

7 Outcome

TB-HIV co-infection is a main cause of mortality
in PLHIV because of the mutual modification of
the evolution of each infection (Duarte et al.
2018). Early diagnosis of both HIV and TB is a
key component of favorable outcomes of TB-HIV
co-infection (Nliwasa et al. 2018). Mortality
remains high in PLHIV with active TB, especially
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in high-TB-incidence areas. This co-infection is
the principal cause of early and long-term mor-
tality in PLHIV (Pecego et al. 2016). Patients
with advanced TB-HIV co-infection have high
rates of morbidity and mortality despite the initi-
ation of both ART and TB treatment (Pecego
et al. 2016).

The risk factors for unfavorable outcomes and
mortality are multiple. Late HIV stage, absence
of ART or poor adherence to treatment (Sileshi
et al. 2013; Magnabosco et al. 2019; Tola et al.
2019), delayed diagnosis (Tola et al. 2019), nadir
CD4 cell count less than 50 cells/mm? (Sileshi
et al. 2013; Pecego et al. 2016), people older than
60 years of age (Sileshi et al. 2013; Ji et al. 2018;
Tola et al. 2019), absence of cotrimoxazole pro-
phylaxis (Sileshi et al. 2013), co-infection with
other opportunistic infections (Pecego et al.
2016; Ji et al. 2018), association with other
comorbidities, and lower education (Magnabosco
et al. 2019) are predictive of early and 6-month
mortality. According to Sileshi et al. (2013),
smear-positive pulmonary TB and EPTB are
associated with a high rate of mortality among
TB-HIV patients. Complications with bacterial
pneumonia and pulmonary atelectasis are risk
factors of unfavorable outcomes among PLHIV
with pulmonary TB (Ji et al. 2018). High mortal-
ity is also associated with the failure of first-line
TB treatment and with DR-TB. The second-line
treatment success rate is lower in PLHIV, com-
pared to HIV-negative patients (Chem et al.
2019).

8 Conclusion

HIV-TB co-infection is still common in many
countries, particularly among vulnerable popula-
tions. HIV infection increases the TB rates, mak-
ing it the most common opportunistic infection
worldwide. TB screening should be offered to all
PLHIV. When the diagnosis of TB is ruled out,
INH prophylaxis should be provided. All cases of
confirmed TB should be promptly treated.
Treatment is very efficient and reduces mortality
in PLHIV; hence it is very important to make an

early diagnosis of HIV-TB co-infection. Although
helpful, radiological examinations alone do not
confirm the diagnosis of TB infection.
Microbiological examination, sputum, and culture
are needed for confirmation. The use of NAAT is
expanding, as this test can confirm TB diagnosis
and detect rifampicin resistance mutations.
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Abstract

Tuberculosis (TB) infection spans across
multiple organ systems. Delayed or inappro-
priate diagnosis and treatment can result in
disease spread and development of multidrug-
resistant variants. Clinicians can utilize a host
of serological, radiological, microbiological,
and histopathological tools to diagnose
TB. Using a diagnostic algorithm allows for a
systematic approach to diagnosing and man-
aging patients with TB.

Abbreviations

AFB  Acid-fast bacilli

CT Computed tomography

MRI  Magnetic resonance imaging
TB Tuberculosis

1 Introduction

Tuberculosis (TB) has been recognized as an
infectious disease inflicting the highest number
of deaths and one of the top 10 causes of mortal-

ity

worldwide (World Health Organization

2020a). With approximately 10 million individu-

als

contracting TB in 2020 and more than 1.3

million deaths, reining in this communicable
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disease remains a pressing priority (World Health
Organization 2021). TB is caused by the
Mycobacterium tuberculosis complex, which is
primarily spread via respiratory droplet nuclei,
and by digestive contamination by M. bovis in
developing countries. Following the initial inocu-
lation, this pathogen infects the lungs and other
extrapulmonary sites. Extrapulmonary TB com-
prises up to 21% of all tuberculous infections
(Peto et al. 2009), with 50-70% of cases having
concomitant human immunodeficiency virus
(HIV) infection (Raviglione et al. 1992; Jones
et al. 1993; Haas and Des Prez 1994). Other than
by anatomical locations (pulmonary and extra-
pulmonary), TB can also be broadly classified
into active (including primary and reactivation
disease) and latent states.

2 Diagnosis of Tuberculosis

The diagnosis of TB and subsequent distinction
between active and latent forms of the disease are
crucial steps in treating TB. Inappropriate diag-
nosis of the disease (e.g., initiating treatment for
latent TB in patients with active TB) could result
in treatment failure and emergence of multidrug-
resistant TB. The definitive diagnosis of TB
requires isolation of M. tuberculosis in a bodily
sample (Pai et al. 2016). However, a confirmatory
laboratory diagnosis cannot be demonstrated in
approximately 15-20% of individuals (Taylor
et al. 2000). A presumptive diagnosis known as
“clinically diagnosed TB” can be made, and suc-
cessive treatment can be instituted on this basis
(World Health Organization 2020b).

2.1 Risk Factors

Established risk factors for both contraction of
TB and risk of progression to active or dissemi-
nated TB are intimately intertwined and can be
classified into host and environmental factors.
Host factors are defined by the inherent charac-
teristics impacting the patient’s immunological
response to the pathogen, while environmental

Table 1 Risk factors for TB

Host factors

* Immunosuppressed state (e.g., HIV infection,
chronic steroid use, diabetes mellitus, chronic renal
disease, malnutrition)

» Substance abuse (e.g., intravenous drug user, tobacco
use, chronic alcoholism)

* Other systemic conditions (e.g., malignancy, chronic
obstructive pulmonary disease)

Environmental factors

 Recent close contact with a person infected with TB

* High-risk environment (e.g., immigrant community,
endemic countries, healthcare workers, laboratory

staff)

factors are characterized by the extrinsic circum-
stances affecting the risk of exposure to TB
(Table 1) (Teweldemedhin et al. 2018).
Immunosuppression has a profound impact on
both the probability of being infected and disease
progression. HIV infection is a well-recognized
risk factor for TB, with HIV-infected individuals
having a 9- to 16-fold increase in the risk of con-
tracting TB (Guelar et al. 1993) and a heightened
chance of developing active TB from reactivated
latent infection (Selwyn et al. 1989).

Deficient nutritional status and substance
abuse also play crucial roles in new infections.
While the relationship between impaired immu-
nity due to malnutrition and risk of being infected
is uncertain, a low body mass index of <18.5
(Palmer et al. 1957; Edwards et al. 1971) and iron
deficiency (Boelaert et al. 2007) have been found
to increase the risk of acquiring TB. Tobacco use
has a relative risk of 1.5-2 for developing TB
(Bates et al. 2007; Lin et al. 2009; Rao et al.
2014). There is a relative risk of 2.94-3.50 for
progression to active TB for patients consuming
>40 g of alcohol daily or having an alcohol use
disorder (Lonnroth et al. 2008).

Pre-existing comorbidities, especially diabe-
tes mellitus and chronic renal disease, are associ-
ated with an increased risk of developing TB,
with the risk of developing TB rising proportion-
ately with worsening disease. Diabetes mellitus
has been shown to be an independent risk factor
for TB, with the approximate risk approaching
that of HIV-infected patients in certain popula-
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tions (Pablos-Mendez et al. 1997). Patients with
chronic renal disease have been found to have an
increased risk of developing TB by a factor of
6.9-52.5 (Hussein et al. 2003). Among the envi-
ronmental factors, close contact with a person
who is smear positive for pulmonary TB in the
household has been shown to be the most impor-
tant risk factor for TB (Marks et al. 2000).

2.2 Clinical Presentation

Initial clinical suspicion of pulmonary TB begins
with either symptomatic presentation or asymp-
tomatic screening for the disease. Clinical pre-
sentation  suggestive of  pulmonary or
extrapulmonary infection, coupled with a history
of prior exposure or incidental but suggestive
radiological findings, should initiate the appro-
priate tests for work-up of TB. Clinical manifes-
tations of active pulmonary TB vary among
individuals (Poulsen 1957). Common symptoms
include prolonged cough of more than 3 weeks,
hemoptysis, chest pain, fever, night sweats, and
weight loss (Taylor et al. 2005). Asymptomatic
screening for TB is considered in selected sce-
narios, such as close contact with an individual
with active TB or immigrants from TB-endemic
regions (de Lima Corvino et al. 2021). The 2005
American Thoracic Society guidelines suggest
screening for TB in all patients with newly diag-
nosed HIV infection (Taylor et al. 2005). Physical
examination is often non-specific and can be neg-
ative in early disease. Characteristic pulmonary
findings suggestive of infection may be elicited,
such as crepitations due to consolidation or
decreased fremitus and breath sounds in pleural
effusion.

Extrapulmonary clinical features are highly
dependent on the affected organ and exhibit con-
siderable variation, hence the moniker “the great
mimicker” for extrapulmonary TB. Patients with
tuberculous infection of the central nervous sys-
tem manifesting as a tuberculoma can present
with non-specific neurological symptoms such as
headache, fever, and seizures (Weisberg 1984),
while classical features of meningism, including

neck stiffness, may be evident when the menin-
ges are involved (Rock et al. 2008). Tuberculous
involvement of the head and neck may be devoid
of a specific pathognomonic sign or appear simi-
lar to other inflammatory and infective lesions
(Pang et al. 2018).

Patients with peritoneal TB commonly present
with ascites, abdominal pain, and fever (Chow
et al. 2002). In contrast, patients with gastrointes-
tinal TB can display a multitude of signs and
symptoms, depending on the organ in question.
Clinical presentations range from abdominal
pain, chronic diarrhea, and per rectal bleeding in
ulcero-constrictive disease to fever, weight loss,
and night sweats due to persistent inflammatory
response to intra-abdominal infection. Urogenital
TB can be classified broadly into urinary or geni-
tal tract disease. Features indicative of a urinary
tract infection such as increased urinary fre-
quency, dysuria, gross hematuria, and flank pain
are suggestive of urinary tract involvement (Cek
et al. 2005; Figueiredo et al. 2017).

Spinal spread of TB in the form of tubercu-
lous spondylitis (also known as Pott disease)
commonly manifests as increasing local pain
with neurological abnormalities. A characteris-
tic erect stance with “alderman’s gait” may also
be seen in some patients (Canine et al. 2019). In
the musculoskeletal system, TB can cause
osteomyelitis, arthritis, or soft tissue infection.
Infected patients may present with limb or joint
pain, limb deformity, joint dislocation, patho-
logical fracture, palpable mass, or draining skin
sinus. Beyond localizing findings, TB has the
potential to cause constitutional and non-
specific clinical presentations such as weight
loss, fever, night sweats, and digital clubbing
(Macfarlane et al. 1979).

For people living with HIV (PLHIV), TB can
occur at any stage of the disease, and its manifes-
tations depend largely on the level of immuno-
suppression (Wondimeneh et al. 2012). In
patients with a relatively intact immune function,
pulmonary TB is more frequently seen than
extrapulmonary TB (Zumla et al. 2000). During
the early stage of HIV disease, symptoms and
signs are similar to those without HIV infection.
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23 Laboratory Findings

Similar to other infections, routine biochemical
investigations constitute part of the initial work-
up of TB. While hematological and biochemical
serum markers are usually normal in pulmonary
TB, a raised C-reactive protein level may be
seen in up to 85% of patients and elevated eryth-
rocyte sedimentation rate in up to 79% of
patients (Breen et al. 2008). In advanced dis-
ease, non-specific  laboratory  findings
such as normocytic normochromic anemia
(Nandennavar et al. 2011), leukopenia and neu-
tropenia (Singh et al. 2001), or hyponatremia
(Lee and Ho 2010) may be found. The applica-
tion of auxiliary tests such as the tuberculin skin
test (TST) and interferon-gamma release assay
(IGRA) is sometimes used in patients with sus-
picion of tuberculous infection. IGRAs consist
of the commercially available QuantiFERON-TB
assay and the T-SPOT.TB assay. Both TST and
IGRA measure immune sensitization to myco-
bacterial protein antigens that may result from
prior exposure. It is important to recognize their
limitations, including their inability to distin-
guish between active and latent TB infection
(Metcalfe et al. 2011; Sester et al. 2011). Both
TST and IGRA should therefore not be used to
diagnose active TB infection, which typically
entails microbiological analysis of bodily
specimens.

2.4 Imaging

Imaging plays a vital role in the diagnosis of both
active and latent pulmonary TB. Chest radiogra-
phy is the initial radiological investigation for
patients with suspected pulmonary TB. The com-
bination of chest radiography and clinical corre-
lation has been reported to possess a 100%
sensitivity and negative predictive value for
excluding TB (World Health Organization 2018).
Classical findings suggestive of active primary
TB infection on a chest radiograph are consolida-
tion, pleural effusion, mediastinal lymphadenop-
athy, and miliary nodules (Burrill et al. 2007).

Radiographical signs of reactivation TB are con-
solidation with a predilection for apical and
posterior segments of upper lobes, cavitation, and
nodules (Leung 1999). Radiographical features
such as stable fibronodularities, scarring, calci-
fied granulomas and lymph nodes are suggestive
of inactive pulmonary TB (Nachiappan et al.
2017).

The use of thoracic computed tomography
(CT) offers higher sensitivity than chest radiogra-
phy in evaluating parenchymal disease, mediasti-
nal lymphadenopathy, and miliary TB (Skoura
et al. 2015). Improved characterization of pulmo-
nary lesions on CT, compared to chest radio-
graphs, also allows exclusion of potential mimics
such as malignancy. Given the concentration of
activated macrophages and lymphocytes in active
tuberculous lesions, the employment of
BFE-fluorodeoxyglucose positron-emission
tomography (F-FDG PET)/CT to highlight
these areas of high glucose utilization has been
proposed to better delineate disease sites and
monitor treatment response (Heysell et al. 2013).
However, no consensus regarding the routine
application of ®F-FDG PET/CT in TB has been
reached.

The radiological work-up of extrapulmonary
TB relies largely on targeted imaging based on
clinical suspicion of the anatomical organ
involved in the disease. Cross-sectional imaging
modalities, such as ultrasound imaging, CT, and
magnetic resonance imaging (MRI), are usually
used. Assessment of the head and neck, thorax,
abdomen, and pelvis is commonly done by
contrast-enhanced CT. Contrast-enhanced MRI
is useful in evaluating the central nervous system,
spine, and musculoskeletal system. Many extra-
pulmonary lesions share commonalities with
other infective lesions, such as tuberculous spon-
dylitis, which has similar imaging features with
brucellosis, or tuberculous peritonitis, which may
be mistaken for mesothelioma and other forms
of nontuberculous peritonitis. Although many
non-specific imaging features of TB exist, some
“classic” imaging features suggestive of TB
infection have been described, e.g., Fleischner
sign representing thickening of ileocecal valve



Diagnostic Algorithm of Tuberculosis

369

lips and narrowing of the terminal ileum indica-
tive of ileocecal TB (Balthazar et al. 1990).

3 Sputum and Organ-Specific
Specimens

While biochemical and radiological examina-
tions represent an important component of the
initial work-up of TB, microbiological investiga-
tions play a key role in establishing a definitive
diagnosis of TB. Histopathological features of
tuberculous granulomas such as caseous necro-
sis, epithelioid macrophages, Langhans giant
cells, and lymphocytes can serve to strongly sup-
port the diagnosis of TB but are not pathogno-
monic (Lewinsohn et al. 2017). Sputum sampling
remains the reference standard for diagnosing
pulmonary TB. The three commonly used spu-
tum tests are acid-fast bacilli (AFB) smear, AFB
culture, and molecular testing (also known as
nucleic acid amplification test [NAAT]). AFB
smear examination involves direct microscopic
visualization of AFB in stained sputum smears
and is widely accepted as the most cost-effective
and rapid test. AFB culture is widely available
for determining TB infection. However, it
requires isolation of AFB on culture media,
which may take up to 8 weeks. Molecular meth-
ods, the most sensitive tool, allow detection of
M. tuberculosis DNA traces and further charac-
terize mutations associated with drug resistance.
The sensitivities of these three tests show con-
siderable variation, with AFB smear (3 sets),
AFB culture, and molecular testing being 72%,
85%, and 95%, respectively. In addition, all
three tests have similar specificities of 95-98%
(Nachiappan et al. 2017).

Under current guidelines for obtaining clini-
cal specimens, sputum collection can be per-
formed by spontaneous coughing or induction
with at least 5 ml per specimen (Lewinsohn
et al. 2017). Two consecutive sputum samples
separated by intervals of at least 8 h are recom-
mended and have the potential to detect more
than 95% of sputum smear and culture-positive
cases (World Health Organization 2007). When

the initial two sputum specimens are negative, a
third specimen has shown to increase detection
by only an additional 3.1% (Caulfield and
Wengenack 2016). The use of bronchoscopy
with bronchoalveolar lavage and brushings can
be offered in specific circumstances such as
repeat unsuccessful attempts in expectoration
of sputum, sputum induction, or previously
negative sputum studies with high suspicion for
TB infection (Lewinsohn et al. 2017). Gastric
aspirates for retrieval of sputum specimens can
also be performed in children, if clinically indi-
cated (Somu et al. 1995). While not routine,
attempts of gastric lavage have been performed
for adult patients who are unable to expectorate
(Aslam et al. 2017). In smear-negative patients,
transbronchial biopsy has been shown to pro-
vide histopathological findings suggestive of
pulmonary TB in 42-63% of patients
(Lewinsohn et al. 2017).

The collection of tissue or bodily fluid sam-
ples for the diagnosis of extrapulmonary TB
allows for both microbiological and histopatho-
logical studies. Common examples include pleu-
ral or peritoneal fluid, cerebrospinal fluid, joint
effusions, and tissue obtained from various
infected organs. These extrapulmonary speci-
mens are subjected to similar microbiological
processes as sputum samples to achieve a defini-
tive diagnosis of TB. Accuracy studies indicate
that histopathological examination has a sensitiv-
ity of 69-97% in pleural tissue, 79—100% in peri-
toneal tissue, 73—100% in pericardial tissue, and
86-94% in urological tissue (Lewinsohn et al.
2017).

4 Diagnostic Algorithms

Given the diverse presentations and manifesta-
tions of TB, a systematic approach is paramount
for making the diagnosis and enabling prompt
treatment. These diagnostic algorithms feature
elements from available guidelines, protocols
(Lewinsohn et al. 2017; Nachiappan et al. 2017),
as well as our experience in diagnosing and
treating patients with TB. The first diagnostic



370

G.Y.How et al.

Clinical presentation
Pulmonary symptoms: Cough > 3
weeks, hemoptysis, chest pain

Constitutional symptoms: Fever, night

sweats, loss of weight

l

Suggestive of TB*

Chest radiograph

Not suggestive of TB

Sputum examination#

Sputum negative Sputum positive

Sputum examination#

Sputum positive Sputum negative

Risk stratify
(Table 1)

Presence of risk factors | Absence of risk factors

l l

Consider
CT thorax, imaging-
guided biopsy or
bronchoscopy

Positive

Clinically
diagnosed TB

Bacteriologically

diagnosed TB

Consider CT thorax,
imaging-guided biopsy or
bronchoscopy

Negative Positive

l

Bacteriologically
or clinically
diagnosed TB

Consider
alternative
diagnosis

Negative

Fig 1 Symptomatic pulmonary TB. *Characteristic radiographical features: consolidation, cavitation, lymphadenopa-
thy, miliary nodules. #2-3 AFB smears and cultures with at least 1 nucleic acid amplification test

algorithm (Fig. 1) is for patients presenting with
signs and symptoms of pulmonary TB, while
the second (Fig. 2) caters to patients with signs
or symptoms of extrapulmonary TB. The third
(Fig. 3) is a diagnostic algorithm for asymptom-
atic patients suspected to have latent TB. These
flowcharts aim to classify all patients suspected
to have TB into one of the four diagnostic cate-
gories: bacteriologically diagnosed TB, clini-
cally diagnosed TB, latent TB, or consideration
of an alternative diagnosis.

4.1 Symptomatic Pulmonary

Tuberculosis (Fig. 1)

When a patient presents with pulmonary and
constitutional symptoms, initial evaluation with
chest radiography and sputum examination that

includes 2-3 AFB smears and cultures with at
least one NAAT should be performed. A chest
radiograph with features suggestive of TB and a
positive AFB smear or NAAT would confirm
the diagnosis of TB (Ryu 2015). In the scenario
where sputum AFB smears are negative and the
chest radiograph features are suggestive of TB,
the patient can be treated as clinically diag-
nosed TB with the presence of risk factors or if
located in a TB-endemic region. If clinically
uncertain, further imaging of pulmonary
lesion(s) helps clinicians to risk stratify and
guide the next step of management. For exam-
ple, thoracic CT is useful, compared with radio-
graphs, to detect subtle pulmonary findings
such as centrilobular nodules and tree-in-bud
opacities that could suggest TB. Imaging-
guided biopsy or bronchoscopy with bron-
choalveolar lavage could be used to obtain
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Presence of organ-specific

Clinical presentation
| Constitutional sympioms (fever, night
sweats, loss of weight) in the absence of

Localization

sympioms/signs No organ-specific symptoms/signs

Dirgan-specific

Identified localized source
suggestive of TB

Pan
contrast-enhanced

imaging

Suggestive for TB

Not suggestive for TB

Absence of locallzing

Negative *Pasitive

Repeat *Pasitive
sampling or obtaining

larger sample

Bacterialogically
diagnased T

Megative or inability o
obtain repeat sample

Presence of risk factors | Absence of risk factors

l

Clinically

diagnosed TH

Fig 2 Symptomatic extrapulmonary TB. *Examples of
organ-specific specimens include CSF (for CNS), perito-
neal fluid (for abdomen), urine (for urogenital), tissues

respiratory specimens for AFB smear, AFB cul-
ture, NAAT, and histological examination to
guide the treatment decision.

4.2 Symptomatic Extrapulmonary

Tuberculosis (Fig. 2)

It is not uncommon for patients with extrapulmo-
nary TB to present with constitutional symptoms
of prolonged fever, night sweats, and weight loss
without respiratory symptoms. Despite this it is still
recommended to look for concomitant pulmonary

Imaging fearures for TR

(for solid organs). *AFB smears and cultures, nucleic acid
amplification tests

TB, which could be present in up to 50% of cases
(Parimon et al. 2008). The imaging modalities of
choice are dependent on the suspected organ sys-
tem of involvement. While there are a wide variety
of imaging options, contrast-enhanced CT or MRI
is the most common modality of choice. “Pan-CT”
(CT covering the thorax, abdomen, and pelvis) is
usually used to identify the site of involvement in
cases without localizing signs or symptoms. Once
the site of involvement is determined, direct or
imaging-guided sampling of fluid or tissue of the
affected site is useful for arriving at a bacteriologi-
cal and clinical diagnosis of TB.
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Positive TST or
IGRA

Chest
radiograph

Normal Abnormal

l

Negative

Consider
treatment for
latent TB

‘Work-up as per
Fig. 1 to exclude or >
confirm active TB

Positive
Treatment for

active TB

Fig 3 Asymptomatic (latent) TB

Lack of or too few bacilli in clinical samples
could limit the yield of diagnostic tests in
extrapulmonary TB. Repeated sampling or
obtaining a larger sample has been shown to
increase the yield of diagnostic tests in menin-
geal TB and pleural TB (Heemskerk et al. 2018;
Ko et al. 2017). In the scenario where the site of
involvement is inaccessible for sampling or ini-
tial diagnostic tests are negative, a clinical diag-
nosis of TB could be made if epidemiological
and clinical features are consistent with TB. On
the contrary, in the absence of a risk factor,
alternative diagnoses should be considered.

4.3 Asymptomatic (Latent)

Tuberculosis (Fig. 3)

TST or IGRA is commonly used as a diagnostic
test for latent TB, including for PLHIV. These
tests are usually performed in asymptomatic indi-
viduals with possible TB exposure or before
receiving immunosuppressive therapy. A nega-
tive IGRA excludes latent TB (Klautau et al.
2018). A positive TST or IGRA should involve
work-up to exclude active TB, most commonly
pulmonary TB, by chest radiography. Further
investigations involving sputum examination or

imaging may be warranted if active TB cannot be
excluded.

5 Conclusion

Patients with TB present with a diverse range of
possible disease manifestations and clinical fea-
tures. A high index of clinical suspicion with an
understanding of the various permutations of this
infection is required for the diagnosis and opti-
mal care of these patients. The guidance provided
by diagnostic algorithms allows for a structured
approach to effectively diagnose and manage
patients infected with TB.
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