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Imaging in critically ill patients is a ubiquitous but challenging line of
investigation for the physician as accurate interpretation is often difficult as
patient cooperation during the procedure is grossly compromised, and the
resultant image is often suboptimal. This book provides details on principles of
imaging and the diagnostic hallmarks of common diseases to assist in correct
interpretation. It contains guidance to overcome the deficiencies observed during
the performance of bedside imaging and equipment handling and addresses the
rationale for various procedural/management and imaging approaches. This is a
useful companion for most doctors and trainees working in critical care settings.
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diseases
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® Reduces the dependency on the radiologist and helps physician save time,
enhancing the quality of patient care
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Foreword

It is a privilege for me to introduce to readers a versatile compendium entitled, Imaging
in Critical Care Medicine, a book edited by Professor Anirban Hom Choudhuri and
Professor Ashish Verma and published by CRC Press/Taylor & Francis.

Critical Care Medicine is one of the foremost disciplines where imaging has a
major role to play for the diagnosis and prognostication of patients. The discipline
requires a thorough knowledge of various complex and diverse illnesses where clini-
cal examination in isolation, however good and meticulous, falls short in identifying
all the problems. Moreover, the decisions for therapeutic interventions need to be
made in very short time spans. Having worked for most of my career in managing
critically ill liver disease patients, I know that the clinical assessment of the intensiv-
ist often needs a good correlation with the imaging modalities and laboratory tests.

The modern-day intensivists need to learn and interpret the radiological find-
ings with much more precision and expertise than before without becoming
dependent totally on the radiologists for their interpretation. This is not to make
them substitutes for the radiologists but to ensure that timely therapy is not delayed
in critically ill patients. The benefits of timely initiation of therapy are immense
and all efforts should be taken to reap these advantages. Moreover, the bedside
application of imaging techniques for both diagnosis and therapeutic interven-
tions barring the need for any patient transfer to radiology suite has become
a big boon in medical practice. It has also become the norm in many places when-
ever feasible, and intensivists must be more competent in their execution.

I have known both Professors Choudhuri and Verma for a long time as experts
in the field of critical care medicine and radiology, respectively. I appreciate their
endeavor to edit this important book, which will be extremely useful for all physi-
cians handling critically ill patients in general and for the practitioners of Critical
Care, Emergency Medicine and Anesthesiology, in particular. The contents are
rich and cover all the aspects of imaging in critical care that are encountered rou-
tinely. Lastly, I applaud the experts that have contributed to enrich this volume,
which I do hope will reach the desks of fellows and faculty members of critical
care medicine across Asia. My compliments also to CRC Press/Taylor & Francis
for undertaking this much needed initiative.

Dr S.K. Sarin
Director, ILBS
New Delhi
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Preface

The correct diagnosis of any critical illness is a crucial determinant for its out-
come. Even if the disease is advanced and in an irreversible stage, a correct diag-
nosis can deter unnecessary tests, forbear unwanted admissions and circumvent
undesirable medicines, but clinical diagnosis may sometimes be erroneous or
flawed. Hence, laboratory and imaging modalities assume immense value to
the physicians in such states. This is particularly true for emergency rooms and
critical care units.

Choosing an appropriate test from a wide range of available modalities is not
so easy. Many factors, such as the time duration required for completing the test,
risk of radiation hazards, patients’ tolerance to the administration of contrast
media etc., determine the final choice. Additionally, the physician is expected to
interpret the results correctly without any inordinate delay.

This book will serve as a quick reference to physicians about the significance,
rationale and procedural maneuvers for employing different radiological investi-
gations in the emergency room and critical care units. Each chapter incorporates
the imaging modalities in serial fashion, starting from the most basic and going
up to the most advanced.
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Introduction

The intensive care unit is a place where many investigations are routinely per-
formed from time to time. Among them, a major share is borne by the radio-
logical image. The investigations vary from the most basic such as the X-ray and
ultrasonography to the most advanced such as MRI. While some investigations
are undertaken for diagnostic purposes, many are also performed with the aim
of intervention.

The literature is scant about the usefulness of various imaging modalities in
the ICU during the course of various illnesses. The intensivists need proper train-
ing and guidance to help them advise radiological images and also interpret the
results scientifically. This textbook should prove useful as a ready-made source of
practical information at such times.

Each chapter has been divided section-wise to highlight the cardinal point-
ers and diagnostic hallmarks. The differential diagnosis has been also discussed
vividly. Some of the illustrations have been adapted for better understanding in a
format similar to the international fellowship exams.

xiii
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Respiratory system

ASHISH VERMA, BHUVNA AHUJA,
SAKSHI DUGGAL AND ISHAN KUMAR

INTRODUCTION

Respiratory imaging is the most frequently performed radiological investiga-
tion in the ICU. It is undertaken in patients with respiratory diseases, cardiac
disorders, neurological illnesses etc. Since many patients in the ICU are unable
to narrate their history and symptoms, their interpretation requires correla-
tion with the clinical signs. They are not only important for the sake of diag-
nosis but also to monitor the course of illness in the ICU and prognosticate
the outcomes.

AIM OF IMAGING

a.

b.

To look for features that may directly explain the symptoms, e.g. a patch of
consolidation in a patient with fever

To confirm diagnosis in the presence of multiple provisional diagnoses, e.g.
tell-tale sign of pulmonary tuberculosis in a case with acute abdomen sus-
pected due to abdominal tuberculosis

To detect additional findings on the basis of presumption from underlying
aetiology, e.g. extrapulmonary thoracic fluid suggesting hemothorax in a
patient of polytrauma

. To ensure safety during the conduct of any emergency intervention under

anaesthesia

DOI: 10.1201/9781003218739-1 1

ALGrawany


https://doi.org/10.1201/9781003218739-1

2 Imaging in critical care medicine

IMAGING MODALITIES

The key modalities that are useful in everyday practice include:

e Chest X-ray

Best taken in upright PA or AP position; lateral decubitus views are useful
in the presence of minimal pleural fluid

Supine AP views are evaluated with caution as many structures look different,
e.g. heart appears larger, fluid level is not appreciated in the horizontal plane
Good for initial screening

Helps in comparing right and left thoracic cavities

Useful for detecting pneumothorax and/or pleural effusion, as also pneu-
moperitoneum (in PA view)

Detects fractures and bony deformities

e Ultrasonography

Can be performed in any position

Often combined with chest X-ray

Performed using a high-frequency (5-20 Mhz) linear electronic array
transducer/probe with small imaging head. High-frequency micro-convex
probes are also used

Useful in detecting free fluid in thorax (though not ideal for detecting free air)
Possible to evaluate abdomen and heart alongside lungs

Identifies abnormalities in soft tissues, viscera and blood vessels (but not bones)
Differentiates pleural effusion from thickening

Differentiates exudative (slightly echogenic) from transudative (totally
anechoic) effusion

Acts as a guide for placement of central lines, chest tubes etc.

May be repeated multiple times as there are no risks of radiation hazard

e CT Scan

Detecting underlying malignancies

Diagnosing the presence of pleural thickening (and characterizing the
same) or bronchopleural fistula along with effusion

Ruling out any interstitial lung disease, pulmonary embolism

e Other Investigations

Ventilation perfusion (VQ) scan: diagnosis of pulmonary embolism
(except in the acute phase)

CARDINAL TECHNICAL POINTERS

® Pneumothorax

Chest X-ray

- Use upright films (sitting or semi-recline if not possible)

- Expiratory film is preferred and may be achieved by observing the
breathing pattern for a patient not on ventilator
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Figure 1.1 Chest radiograph frontal view in supine AP position shows
hyperlucency without broncho-vascular markings suggestive of air (white
arrow) in the right pleural cavity with volume loss of right lung; as a result
the right lung (curved white arrow) has partially collapsed s/o pneumotho-
rax causing compressive atelectasis. The outline of the collapsed lung is
seen well against the air.

Sensitivity: 39-52%; Specificity: 99-100%
Diagnostic sign: hyperlucent areas in thorax; absence of bronchovas-
cular markings within these hyperlucent areas

o USG

Best obtained in supine or lateral decubitus (diseased side up)
position

Sensitivity 78-90%; Specificity > 98%

Diagnostic sign: absent lung sliding (negative predictive value:
100%); absent B-lines; lung point (specific for pneumothorax,
shows air-air interface); seashore with stratosphere signs; double
lung point (M-mode showing interleaved waveforms for sliding
and non-sliding lung at the two opposite sides of the same scan;
hydro-point (specific for hydropneumothorax and shows air-fluid
interface)

o Assessment criteria

Collins method - % = 4.2 + 4.7 (maximum apical interpleural distance +
interpleural distance at midpoint of upper half of lung + interpleural
distance at midpoint of lower half of lung)

Other less commonly used methods: Rhea method, light index

ALGrawany



4 Imaging in critical care medicine

o Pleural effusion (Figure 1.2)
o Chest X-ray

- Upright films are the best (sitting or semi-recline if not possible),
especially if associated with pneumothorax; supine films can be taken
when patients cannot sit or recline

- Best detected in inspiratory phase

- Sensitivity: 24-100%; Specificity: 85-100%

- Diagnostic sign: focal or diffuse haziness or increased opacity in hemi-
thorax (in supine AP view if fluid spreads; also in PA view if effusion is
minimal and rises up due to capillary action); fluid meniscus (if no air
associated) or fluid level if air associated with fluid; blunting of costo-
phrenic/cardio-phrenic angles; elliptical homogenous mass of fluid
density (if effusion is loculated in any focal region between two pleural
layers); secondary mass effect on adjacent structures such as mediasti-
num; sub-pulmonic/infra-pulmonic effusion is seen as raised hemidia-
phragm or increased liver span superiorly on right side and increased
distance between gastric bubble and lower lung margin on left side

A

A

Figure 1.2 Chest radiograph frontal view in erect AP position showing com-
plete ‘'whiteout’ of the right hemithorax. The right cardio-mediastinal silhouette
as well as the right hemidiaphragm outline are not visualized. Note that there
are no signs of ‘net volume gain’, such as no widening of the intercostal spaces
or shift of the mediastinal structures towards the opposite side. The outline of
descending aorta (straight white arrow) and that of the left ventricle (straight
black arrow) are at the expected sites. This indicates towards a massive pleu-
ral effusion with collapse of lung. The volume gain caused due to effusion has
been compensated by volume loss due to collapse causing no 'net volume gain’.
The central venous catheter placed from the left subclavian vein (**) has its tip
placed at a position higher than desirable location viz. cavo-atrial junction. The
other device seen (*) is an EC lead. The left lung is normal.
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UsG

Best in sitting/semi-recline position or lateral decubitus (diseased side
up) position

Best site to look for minimal effusion: posterior costophrenic angle
after keeping the patient upright for 15 minutes

Sensitivity: 92-96%; Specificity: 88-100%

Diagnostic sign: echo-free space; quad sign (rectangular anechoic
space between parietal pleura-chest wall near the probe, two rib shad-
ows on either side and visceral pleura-lung surface complex known as
‘lung line’ at the bottom of screen); sinusoid signs (due to movement
of visceral pleura on M-mode; may be absent in thick/viscous exuda-
tive effusion); fluid color (color signal due to movement of fluid on
color Doppler); thoracic spine sign (a bright line with multiple scallops
and posterior acoustic shadowing extending beyond the diaphragm);
jellyfish sign (lung floating in massive effusion); plankton sign (echo-
genic floaters/septations representing transudative/complex effusion);
hematocrit sign (if patient upright and still for some time a fluid-fluid
level forms between fluids of two densities indicative of hemothorax)

Least amount of fluid that can be detected in X-ray is 50 mL (radiography) and
3-5mL (sonography): > 20 mL detected with high sensitivity (but this depends
alot on location of fluid also) and > 100 mL with 100% Sn on sonography
Assessment of fluid volume on USG

Balik’s formula: patient supine full inspiration, probe perpendicular
to posterolateral chest wall; volume in mL = vertical distance between
two pleural lines in mm x 20

Eibenberger’s formula: patient supine full inspiration, probe perpen-
dicular to posterolateral chest wall; volume in mL = 47.6 x distance in
cm between the lung and posterior chest wall — 837

Goecke’s formula: patient upright full expiration, probe perpendicu-
lar to posterolateral chest wall; volume in mL = craniocaudal distance
between lung and diaphragm in cm x 90

e Rib fracture
Best to do a CT scan of thorax with 3D reconstructions
e X-ray

Use upright films (sitting or semi-recline if standing not possible)
AP films are better to evaluate the ribs

UsG

Use a liner transducer of 5-10 Mhz
Discontinuity of the rib line on longitudinal scan with/without mini-
mal adjacent pleural fluid are usually seen

e Consolidation and/or collapse (Figure 1.3)
e X-ray

Use upright films (sitting or semi-recline if standing not possible)
Inspiratory film is best
Diagnostic sign: seen as an opaque area in the otherwise aerated lung

ALGrawany



6 Imaging in critical care medicine

Figure 1.3 Chest radiograph frontal view in supine AP position showing homo-
geneous confluent opacity in right middle and lower lobes with obscuration of
right cardiac border and right hemidiaphragm, some proximal air bronchograms
(white arrow) s/o right middle and lower lobar consolidation.

e USG
- Usealiner transducer of 5-10 Mhz; deeper areas of lung may be better

seen with a convex low-frequency probe (3-5 Mhz)

Best to scan in supine or lateral decubitus (suspected side up)
position

Approximately 98% consolidations are subpulmonic; hence their pres-
ence is revealed during USG evaluation!

Diagnostic sign: shred sign (non-translobar consolidation); tis-
sue-like sign (translobar consolidation). Both are 90% sensitive
and 98% specific. Other signs are dynamic air-bronchogram sign
and lung pulse sign (can also differentiate consolidation from
collapse)

® Phrenic nerve injury and/or diaphragmatic rupture
o USG

Are usually seen from the abdominal window using low-frequency
probe

Phrenic palsy is seen as a paradoxical movement of diaphragm with
respiration, as one would expect in fluoroscopy
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- Diaphragmatic rupture is seen as discontinuity in the echogenic line
formed by the lung base diaphragm interface. Associated focal hernia-
tion of liver (on right) and spleen (on left) may also be seen

e Interstitial syndrome
o USG

- Represented by lung rockets (> 3 B-lines) and is an early manifestation
of any disease causing interstitial edema. B-line is always a comet-tail
artifact, always arises from the pleural line, and always moves in con-
cert with lung-sliding. It is almost always long, well-defined, laser-like,
hyperechoic, erasing A-lines. B1, B2 lines represent advancing pat-
terns of edema leading to alveolar edema

TUBES AND LINES: POSITIONS AND MALPOSITIONS

® Nasogastric/Orogastric tube (NGT/OGT)
o Larger, side-holes
e Tip anywhere in stomach (210 cm) distal to the gastro-esophageal junc-
tion, hence seen below the left hemidiaphragm (unless situs inversus);
point downward towards the midline; no radio-opaque tip

® Dobhoff tube (DHT)
e 'Thinner, no side-holes
e Tip placed in antro-pyloric region; cross the midline; below the right
hemidiaphragm; point upward away from midline; radio-opaque tip

® Endotracheal tube (ETT)
e Tip placed approximately 5 cm above carina viz. between medial ends of
clavicles above manubrium sternii

e (Central venous catheter (CVC)
e Tip should be at the cavo-atrial junction usually located at the first ante-
rior intercostal space towards right of sternal margin
e Inmost patients cavo-atrial angle may be seen in the right mediastinal sil-
houette (viz. straight line of vena cava and outward bulge of right atrium)

e [ntercostal drain (ICD)
o Tip should be evaluated on two views (AP and lateral)
o Unless placed in a loculated effusion (when it is located at the effusion site), it
should point upwards and located at posterior or lateral costophrenic angle

® Permanent pacemaker (PPM)

o Tip of the electrode should be in the right atrial appendage (atrial pacing)
or right ventricular apex (ventricular pacing). In case of double chamber
pacing, both may be seen

o Tip fracture common and may be searched for

ALGrawany
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o Thermometer probe
o Tip located in esophagus up till D7. Lateral view may also be needed to
confirm

Pericardial drain
o Tip on the left of midline into the pericardial space. Lateral view may also
be needed to confirm

® [Intra-aortic balloon pump (IABP)

o Tip at the level of the aortopulmonary window. Lateral view may also be
needed to confirm

READING A CHEST X-RAY

Step I: Quality assessment of the radiograph (Figure 1.4)
First ensure that the X-ray is of correct patient, and Left/Right has been correctly
marked.

Figure 1.4 Quality assessment of radiograph. Chest X-ray PA view image show-
ing (a) left side has been correctly marked (black arrow); (b) exposure quality is
adequate, suggested by faint visibility of vertebrae behind the heart (solid black
arrow); (c) adequate inspiratory effort is evident by visualization of anterior sixth
ribs (white arrows); (d) non-rotation as the spinoud process is equidistant from
the medial end of clavicles (double arrows); and the radiograph taken in erect
posture suggested by visualization of gastric fundus air(s).
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o Exposure quality: adequate penetration is said when the vertebral bodies
are faintly visible through the heart.

o View and posture: ask the nurse/X-ray technician whether it is AP/PA view,
also whether X-ray has been performed in supine/erect posture. Heart and
mediastinal structures are subject to magnification on AP view and thus
may lead to false interpretation of cardiomegaly.

o Patient rotation: the medial ends of both clavicles should be equidistant
from the spinous process of the vertebra between the clavicle. If not so,
patient would be rotated during X-ray exposure and may lead to unilat-
eral enlargement of cardiomediastinal contour. Also, there is increase in
blackness of the hemi-thorax on the side to which the patient is rotated.

o Adequacy of inspiratory effort: six complete anterior or ten posterior ribs
should be visible.

Step II: Anatomical structures to be evaluated (Figure 1.5)
1. Trachea and bronchi
a. Trachea is a midline radiolucent structure, which might be slightly
deviated to the right side at the level of the aortic arch. It divides into a
short right main bronchus and a longer and more horizontal left main
bronchus.
b. Try to look for abrupt cut-off or localized narrowing of trachea.

Right paratracheal stripe — Aortic arch

Superior vana cava — 3 _
- Aorto pulmonary stripe

<—— Aortopulmonary window

Ascending aorta — :
9 «— Left vascular hilum

Right vascular hilum —s = FPulmonary trinis
< Left atrial appendage
Right atrium —> <—— Descending aorta

<— Left ventricle

Figure 1.5 Normal chest radiograph PA view showing the structures outlining
the cardiomediastinal contour.
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C.

d.

In case of deviated trachea, try to determine if it is pulled or pushed.
Trachea can be pulled towards atelectatic lung. Space-occupying
lesions in paratracheal locations/upper mediastinum can push the
trachea.

Evaluate subcarinal angle (>1000), can be due to left atrial enlarge-
ment, pericardial effusion or subcarinal masses.

2. Upper mediastinum

a.

b.

First assess the right and left paratracheal stripe.

On the right side of trachea, there is a right paratracheal stripe extend-
ing from clavicle to tracheobronchial angle. This stripe is <4mm thick,
and a thickened right paratracheal stripe may be due to paratracheal
lymph nodes, pleural effusion, thyroid, parathyroid or tracheal wall
lesions.

Left paratracheal stripe is formed by the intervening soft tissues
between the trachea and left upper lobe. Widened left paratracheal
stripe can be due to lymph nodes or thyroid/parathyroid masses.
Aortopulmonary stripe is formed by anterior mediastinal fat and left
upper lobe anterior to aortic arch and left pulmonary artery seen as
a straight line crossing the aortic arch. Anterior mediastinal mass
can lead to obliterated stripe or convex AP stripe towards left lung.
Pneumomediastinum can elevate the stripe.

Try to evaluate two convex bulges on left side, which is formed by aor-
tic knob and pulmonary trunk. Aortopulmonary window lies poste-
rior to the aortopulmonary stripe, extending from inferior wall of the
aortic arch to superior wall of the left pulmonary artery. It is usually
concave or sometimes straight, and its convex contour of the AP win-
dow is considered abnormal and may be due to tumors, lymph nodes
or bronchial artery aneurysm.

Widened mediastinum is diagnosed if mediastinal width is greater
than 6 cm on an upright PA chest X-ray or 8 cm on supine AP chest
film. Causes of widened mediastinum are thoracic aortic aneurysms
or congenital heart and great vessel disease as well as lymph nodal and
mediastinal masses.

3. Cardiac silhouette (Figure 1.6)

a.

First, evaluate for cardiomegaly. A cardiothoracic ratio (CTR) >50%
on PA view is considered as a sign of cardiomegaly. It should be noted
that this sign is 80% specific and 50% sensitive for left ventricular
enlargement.

Increased CTR and shifting of apex towards left side are signs of left
ventricular enlargement.

Shifting of apex upwards and to the left are signs of right ventricular
enlargement.

Next, carefully assess the cardiomediastinal contour. The left contour
is formed by aortic arch, pulmonary trunk, left atrial appendage and
left ventricle (superior to inferior). The right contour is formed by SVC,
right atrium and sometimes IVC.

ALGrawany
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Figure 1.6 Cardiothoracic radio. The ratio (CR+CL)/T more than 0.5 is sugges-
tive of cardiomegaly.

€.

Straightening of left heart border, elevation of left bronchus with
wide subcarinal angle, and bulging/double right border are signs of
left atrial enlargement (most commonly due to mitral valve disease).
Focal convexity below left bronchus is a sign of left atrial appendage
enlargement.

4. Hilar structures

a.

Hila connect the lungs to mediastinum and are formed by superior
pulmonary veins and lower pulmonary arteries. Point of intersection
(hilar point) forms concave angles bilaterally. Left hilum is usually
superior to right.

Increased size and density of hilum, convex hilar angle, obscured
interlobar artery and lobulated contour of vessels hilar can be due to
hilar lymph nodes.

Hilum overlay sign: masses anterior or posterior to hilar vessels
result in hilar opacity, but the margins of the hilar vessels are clearly
demarcated.
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d. Prominent vessels: RPDA >16 mm and LDPA >18 mm are suggestive
of pulmonary hypertension.

e. Increased caliber of upper lobe pulmonary veins compared to lower
lobe vessels (cephalization/stag antler’s sign) can be seen in pulmo-
nary edema. The measurement should be made in vessels at equal dis-
tance from the hilar point.

f. Ifahilumhas moved, you should try to determine if it has been pushed
or pulled, just as you would for the trachea. Ask yourself if there is a
lung abnormality that has reduced volume of one hemithorax (pulled),
or if there has been increase in volume or pressure of the other hemi-
thorax (pushed).

5. Lungs (Figures 1.7 and 1.8)

a. Lungs are divided into zones while describing a pathology on fron-
tal radiographs because middle lobe and lingular segment are located
anterior to lower lobes.

The lung zones are arbitrarily defined as:

i. Apical zone: above clavicle

ii. Upper zone from the apex to 2nd costal cartilage
iii. Mid-zone: between 2nd and 4th costal cartilage
iv. Lower zone: below 4th costal cartilage

b. There are four patterns of opacities seen in lungs:

i. Consolidation: lobar, segmental, diffuse or multifocal. Try to
ascertain its location based on silhouette sign.

ii. Atelectasis (collapse): sharply defined opacity obscuring vessels
without air-bronchogram associated with volume loss resulting in

Figure 1.7 Consolidation and silhouette sign. (A) Middle lobe consolidation: lobar
consolidation in right lower ‘zone’ indistinct right heart border suggests anterior
location of consolidation in vicinity of heart. (B) Lower lobe consolidation: con-
solidation in left lower ‘zone’ with well-visualized left heart border (arrow), which
suggests that consolidation is posteriorly located not close to heart.
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Figure 1.8 Emphysema. Hyperinflated (increased blackness) in both lungs with
flatted bilateral diaphragms, blunted CP angles and visualization of more than
six anterior ribs.

d.

displacement of diaphragm, fissures, hili or mediastinum towards
the opacity.
iii. Nodules/masses.
iv. Interstitial pattern: (reticular or reticulonodular opacities).
It should be noted that categorization of the lung findings into these
patterns is not always possible.
Comparison with previous X-rays should be made.

6. Costophrenic angles and pleura (Figures 1.9 and 1.10)

a.

Pleural effusion can be visible as blunting of costophrenic angle or

lung base opacities obscuring CP angle, a C-shaped meniscus is

formed in erect posture. It takes 200 mL of pleural fluid to be visual-

ized on X-ray.

Fluid entrapped within fissures can be seen as well-defined rounded

opacities (vanishing tumor). Loculated pleural effusions can be identi-

fied using:

i. Incomplete border sign (well-defined opacity along the chest wall

with inner well-defined border and ill-defined outer border merg-
ing with chest wall) and
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Figure 1.9 Pleural effusion (A) asymmetric opacity in left hemithorax (*) with
obscured left CP angle (long arrow) and (B) loculated opacity along right chest
wall with margins (arrows) forming obtuse angle with heart in a case of right-
sided empyema.

Figure 1.10 (A) Right-sided pleural air collection with clearly visible lung
outline (white arrow) along with blunting of right CP angle with an opac-
ity forming meniscus, suggestive of right hydropneumothorax and (B) X-ray
in supine position (absent gastric fundus air) showing deep right CP angle
with localized blackness and absence of lung markings, suggestive of right
pneumothorax.

ii. Extrapleural sign (lesions having oblique margins that taper slowly

to the chest wall forming obtuse angle).
c. Pneumothorax can be identified by visualization of retracted visceral
pleura (straight line) and absence of vascular markings lateral to that.
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In supine position, lucent and deep cardiophrenic angle (deep sulcus
sign) can be seen in pneumothorax.

7. Diaphragm: right hemidiaphragm is seen superior to left hemidiaphragm.
Left diaphragm is partially obscured due to heart shadow. Complete visu-
alization of left diaphragm is a sign of pneumomediastinum (continuous
diaphragm sign).

8. Bones
a. Careful scrutiny of all the ribs (anterior to posterior), vertebrae, scap-

ula, clavicles and the shoulder joints should be done.
b. Bilateral paraspinal regions should be evaluated, especially the areas
obscured by the heart, for presence of any added opacity.

9. Soft tissue should be evaluated for asymmetry, breast lesions, gastric fun-
dus air and visualized neck.

10. Care must be taken to evaluate the hidden areas of thorax once again:
a. Lung apices
b. ‘Behind’ the heart
c. Under the diaphragm
11. Location of tubes and lines should be confirmed, such as pleural/pericar-
dial drainage tube, endotracheal tube, nasogastric tube, central line etc.

FREQUENTLY ASKED QUESTIONS

e Difference between computerized radiography (CR) and digital radiogra-
phy (DR): Both of these are advanced forms of radiography where, instead of
aradiographic film in a cassette, we use an imaging plate (in CR) or a detector
plate (in DR). In a CR, the imaging plate (IP) has to be read in a CR reader,
during which process the information gathered during exposure is erased and
the IP becomes ready for another exposure. In a DR, the detector is directly
connected to the computer system via infrared or Bluetooth connectivity,
such that as soon as the exposure of X-ray is done, the image appears on the
computer screen. Both of these modalities offer the facility to manipulate the
image contrast if some error in exposure is there. Further soft-copy images
are available, which may be transmitted to an expert for reading without any
distortion.

® Gray scale (B-mode), M-mode, color Doppler, pulse wave (PW) and con-
tinuous wave (CW) Doppler, spectral Doppler/Doppler flow velocity wave-
form, duplex Doppler: The routine sonography that we do is the gray scale or
B-mode sonography, which is generated as a result of reflection of the ultra-
sound beam from various layers of tissues within the part of interest, depend-
ing on relative elasticity. Sonographic examination routinely begins with
gray-scale evaluation. When the same signal is utilized to form a map of tissue
motion over time across a reference line, it is referred to as the M-mode. The
M-mode tracing is used for depiction of moving structures such as the cardiac
valve but may also be used for evaluation of pleura, pleural fluid and air. The

ALGrawany
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reflected signal from moving echoes may be evaluated using continuous (in
CW) or intermittent (in PW) ultrasound beam, with the same being depicted
as a graph/waveform (known as spectral Doppler and the graph being known
as flow-velocity waveform). If the same signal is converted to a color scale,
then it is known as a color Doppler, while if the same signal is superimposed
over the gray-scale image, then it may be labelled as duplex Doppler sonog-
raphy. The term ‘Doppler’ is used to refer to the basic principle of this type of
imaging viz. Doppler shift, whereby the signal towards the insonating probe is
seen as ‘red” while that going away from probe is seen as ‘blue’ (and not arte-
rial = red and venous = blue!).

e Difference between CT thorax and HRCT thorax: It should be kept in mind
that HRCT is a non-contrast non-contiguous scan (mostly of lung but also
now of temporal bone and appendix) of three representative regions of lung,
which gives an idea of interstitial lung diseases. This technique was developed
in times when only conventional (single-slice) CT scans were available, and
involves not only acquisition of the image but also post-processing with a
special type of software. With the upcoming of spiral/multislice CT scan, the
only thing now left is post-processing as the data acquired is otherwise also
adequate. Some centres still take it in older algorithm to save radiation expo-
sure to the patient.

e When should contrast-enhanced CT scan of thorax be done and when is a non-
contrast scan sufficient? With the upcoming of multislice CT scan, injection of
intravenous iodinated contrast medium has largely become sparable as most struc-
tures can be identified as such. The need for contrast arises in cases of trauma, where
contrast extravasation has to be evaluated, or in cases of neoplasias and lymphade-
nopathy, where enhancement pattern may help in specific diagnosis.

CT scan appearances of common diseases are described in Figures 1.11-1.16.

e What is multiplanar reconstruction (MPR), maximum intensity projec-
tion (MIP), volume rendering (VR) and shaded surface display (SSD)?
These are different kinds of image manipulation/post-processing tech-
niques, which are used to enhance the ability of the reader to view anatomy
from different perspectives. This has become possible by the invention of
multislice CT scanners, which generate ‘isotropic data’ (which is uniform
in all directions) and thereby can be reconstructed in any anatomical
plane (MPR). The CT attenuation values (known as Hounsfield units) of
pixels may be separated and pixels of only a specific value may be depicted
to generate angiography-like pictures in a technique known as MIP. In VR
and SSD the surface features of a 3D structure may be only be depicted.

e What is a multislice CT (MSCT) and what is a multidetector row CT
(MDR-CT)? The number of detector layers that are arranged opposite to the
X-ray tube. We commonly hear people mentioning 16/32/62/128/256 slice CT
scan, which refers to the capability of a spiral scanner (one which acquires vol-
ume data instead of axial spices) to generate a specific number of slices. It may
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Figure 1.11 (A) Chest radiograph frontal view in supine AP position showing an
opacity in right middle zone marked by an inferior straight line (black arrow).
This indicates towards a consolidation limited by horizontal fissure. Associated
patchy, ill-defined, heterogenous and ‘soft’ (a feature gained by experience
only) are seen in whole of right lung. The white arrows mark the dense, homog-
enous, well-defined opacities are seen in both lungs suggesting pleural effu-
sions. The one of right side shows blunted costo-phrenic angle and is extending
upwards along chest wall (due to capillary phenomenon seen in mild to moder-
ate effusion). On the left side an air-bronchogram (curved arrow) associated with
pleural effusion but no mediastinal shift indicates towards collapse rather than
consolidation. These features are also depicted well and confirmed in axial CT
scans of chest, mediastinal (B,C) and lung (D,E) windows. An additional finding
seen on CT scan is the presence of superior mediastinal lymph nodes between
trachea and great vessels (hollow arrow in B), an area described as hidden area
for chest radiograph.

be remembered that a scanner of 16 rows of detectors may be able to generate
32 slices by way of post-processing of data.

e BLUE (Bedside Lung Ultrasound in Emergency) protocol (lung assess-
ment for acute respiratory failure): a 3-minute (time depends on good
training under an expert and not just knowledge) protocol done at admis-
sion of dyspneic patients, after doing physical examination. A step-wise dif-
ferential diagnosis of the six main diseases (97% of all cases hence covered)
causing acute respiratory failure (pulmonary edema, pulmonary embolism,
pneumonia, COPD, asthma, pneumothorax); accuracy = 90.5%.

e FALLS (Fluid Administration Limited by Lung) protocol (hemodynamic
assessment for acute circulatory failure): echocardiography is the ‘heart
approach’ of assessing circulatory failure due to cardiogenic shock excluding
distributive and hypovolemic causes, but is limited by availability of expertise
and suitable cardiac windows. BLUE protocol with ‘simple heart sonography’
(if window available) can also evaluate the presence of the latter two causes/
types of shock directly. This may also guide the need for initiating or termi-
nating FALLS. FALLS protocol is a pathophysiology (‘Weil’s classification of
shock’)-based ‘lung approach’ for assessment of the circulatory system as a
whole and not ‘just cardiac sonography’.
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Figure 1.12 Chest X-ray frontal view AP position shows complete opacification
of left hemithorax obscuration of left heart border, left hemidiaphragm with
mild tracheal shift towards right side (black arrow), suggesting complete col-
lapse of left lung with associated massive pleural effusion. On contrast study
there is collapse of left lung parenchyma (white arrow), with associated moder-
ate pleural effusion (black arrow) encapsulated by thickened enhancing pleural
lining (curved white arrow) having internal foci of air, suggesting empyema. Mild
pericardial effusion is also noted.
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Figure 1.13 Chest X-ray frontal view AP position shows elongated pleural-based
concavo-convex opacity (black arrow) in left hemithorax, causing volume loss
of underlying lung. Axial contrast-enhanced CT thorax image loculated pleural
effusion surrounded by thickened enhancing pleura giving ‘split pleura sign’, s/o
empyema (black arrow). Few internal air foci are also seen in effusion. There is
underlying basal compressive atelectasis (white arrow).
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Figure 1.14 Chest X-ray frontal view AP position shows multifocal perihilar and
peri-bronchovascular segmental opacities (white arrow) in bilateral lung fields
with sparing of peripheral subpleural areas (curved arrow) giving ‘batwing sign’,
suggesting pulmonary edema. On plain axial CT, multiple confluent segmental
and subsegmental patchy consolidations are noted in perihilar location. Bilateral
minimal pleural effusion (white arrow) is also noted, suggesting pulmonary edema.

DISEASE-BASED REVIEWS

Bronchial asthma

Bronchial asthma is a respiratory disorder characterized by recurrent episodes
of wheezing and breathlessness caused by reversible airflow obstruction in asso-
ciation with airway hyper-responsiveness and inflammation triggered by a wide
range of stimuli. The intensity and frequency of these episodes are variable.
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Figure 1.15 Chest radiograph frontal view AP position shows complete opaci-
fication of left hemithorax with internal air bronchogram (black arrow), no
mediastinal shift, left lobar consolidation. Also to note that right-side breast
shadow is absent (curved white arrow). On plain axial CT, finding of X-ray can
be well correlated with clear depiction of consolidation with air bronchogram
(white arrow).

QI. Describe the characteristic findings of asthma on chest X-ray.

Answer. Chest X-rays are normal in up to 75% of asthma patients. The following

features may be evident on chest X-rays:

e Pulmonary hyperinflation, bronchial wall thickening, parabronchial cuffing
and pulmonary edema (in acute severe asthma)

e ‘Tram tracks appearance’ indicating dilated airways (although more consis-
tent with bronchiectasis)

e Horizontally aligned ribs due to continuous outward motion of the upper
anterior rib cage during inspiration

e Evidence of pneumothorax, pneumomediastinum and pulmonary edema may
be present in acute exacerbations
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Figure 1.16 Chest X-ray frontal view AP position shows near-complete opaci-
fication of left hemithorax with significant volume loss and mediastinal shift to
left hemithorax (white arrow). Bronchiectatic changes are seen in left middle
zone (black arrow), suggesting left lung collapse with bronchiectasis. Linear
opacity is noted in right upper zone—atelectatic band (curved arrow). On plain
axial CT, complete collapse of left lung with architectural distortion with fibro-
calcific and fibro-bronchiectatic changes. There is volume loss with mediastinal
shift on ipsilateral side.
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Although chest radiography is not the best imaging modality for asthma, it is a
highly effective screening tool during emergency.

Q2. What are the characteristic findings of asthma on computed tomography?
Answer. Although CT imaging has limited usefulness in the diagnosis of bron-
chial asthma, it can reveal the bronchial wall thickening, narrowing of the bron-
chial lumen, a reduction in bronchoarterial diameter ratio, small centrilobular
opacities, areas of decreased attenuation and vascularity during inspiration and
air trapping during expiration.

Q3. What is the usefulness of CT in the diagnosis of asthma-related complications?
Answer. CT scan may be useful in identifying the following features of bronchial
asthma:

® Acute exacerbations: pneumothorax and pneumomediastinum are the most
dreaded complications of acute exacerbation of bronchial asthma. CT chest is
very useful for the diagnosis of pneumothorax, especially in asthmatics with
an acute decompensation.

e Complications: the following complications can occur in asthmatics viz. atel-
ectasis, pneumonia, mucoid impaction, allergic bronchopulmonary aspergil-
losis (ABPA), bronchocentric granulomatosis, eosinophilic lung disease and
Churg-Strauss syndrome. There is also increased incidence of bronchiectasis
and emphysema in asthma patients. The following CT findings are useful:

1. ABPA: homogeneous tubular, finger-in-glove or branching endobronchial
opacities and bronchiectasis involving mainly the segmental and subseg-
mental bronchi of the upper lobes, bronchiectasis, centrilobular nodules and
mucoid impaction.

2. Chronic eosinophilic pneumonia: characteristic consolidation seen in periph-
eral lung regions of the middle and upper lung zones bilaterally. Approximately
50% of patients are asthmatics, with women being affected twice as frequently
as men.

3. Churg-Strauss syndrome: it is a multisystem disorder characterized by the
combination of allergy, peripheral blood eosinophilia and systemic vascu-
litis. Chest CT findings consist of patchy non-segmental bilateral areas of
consolidation or ground-glass opacities with a predominant peripheral dis-
tribution. Almost all patients with Churg-Strauss syndrome are asthmat-
ics, and most present with peripheral neuropathy, typically mononeuritis
multiplex.

4. Bronchiectasis: bronchiectasis in uncomplicated asthma is typically cylindri-
cal, with broncho-arterial diameter ratio is less than 1.5. CT findings include
parallel ‘tram tracks’ or the ‘signet-ring sign’, lack of bronchial tapering
(including the presence of tubular structures within 1 cm from the pleural
surface), bronchial wall thickening in dilated airways, ‘tree-in-bud’ pattern
suggesting inspissated secretions or cysts emanating from the bronchial.
Other forms may be varicose or cystic. However, the degree of bronchiectasis
does not correlate with the severity of airflow obstruction.
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e Airway reversibility: wall-thickness percentage was also inversely cor-
related with baseline percent predicted forced expiratory volume in one
second (FEV1%) and positively correlated with change in FEV1% with
bronchodilator challenge.

Chronic Obstructive Pulmonary Disease (COPD)

COPD is an obstructive airway disease characterized by an increase in resistance
to airflow due to irreversible partial or complete obstruction, usually occurring in
the setting of noxious environmental exposure. It includes emphysema, chronic
bronchitis and small airway disease.

e Emphysema: irreversible enlargement of the airspaces distal to the termi-
nal bronchiole, accompanied by destruction of their walls without obvious
fibrosis (Table 1)

® Chronic bronchitis: defined clinically as persistent cough with sputum produc-
tion for at least 3 months in at least 2 consecutive years, in the absence of any
other identifiable cause

e Small airway disease: airway disorder characterized by narrowing and reduc-
tion of small bronchioles

Q1. What are the characteristic features of COPD on chest X-ray?

Answer. Chest X-ray lacks sensitivity in detecting both airway disease and mild

emphysema. However, its low cost, easy accessibility and minimal radiation

exposure makes it useful. Both PA and lateral views of chest X-ray are useful.

Emphysema and chronic bronchitis are the two basic distinguishable compo-

nents on chest X-ray.

e Emphysema is characterized by increased radiolucency of the lung fields with
or without bullae, flattening of diaphragm, pruning of the peripheral vascu-
lature, increased retrosternal airspace, widening of the intercostal space, nar-
rowed and more vertical cardiac silhouette (Figure 1.8).

® Chronic bronchitis shows only prominent bronchovascular markings.

Q2. What are the characteristic findings of COPD on CT thorax?

Answer.

Chronic bronchitis: bronchial wall thickening, enlarged vessels, repeated inflam-
mation leading to scarring, bronchovascular irregularity and fibrosis

Emphysema: it is seen in four major forms: centriacinar, panacinar, distal aci-
nar and irregular. Of these, only the first two cause clinically significant
airflow.

Obstruction: centriacinar emphysema is the most common form, constituting
more than 95% of COPD patients.



Table 1.1 Types of Emphysema, Pathophysiology and CT Scan Findings

Type of Emphysema

Centriacinar
Emphysema

Panacinar (Panlobular)
Emphysema
Distal Acinar

Emphysema

Irregular

Involvement

Central or proximal parts of the
acini, (respiratory bronchioles),
distal alveoli spared

Uniformly enlarged acini from
the level of the respiratory
bronchiole to the terminal
blind alveoli

Distal acinus, predominantly
involved

Acini are irregularly involved

Areas of Involvement

Upper lobes, upper lobes and
superior segments of lower
lobes

Lower lobes and anterior margins
of the lung, most severe at the
bases

Upper and middle lobes, preferably
peripheral subpleural lobules
adjacent to mediastinal and
peripheral pleura with relative
sparing of the lung core or
central regions

CT Findings

Small well-defined or poorly defined
areas of low attenuation surrounded
by normal lung.

Initially appear as small holes, but
become more confluent as the disease
progresses.

Generalized low attenuation of lung
fields suggesting destruction of acini,
due to alpha-1 antitrypsin deficiency

Sub-pleural and peribronchovascular
foci of low attenuation separated by
intact interlobular septa thickened
by associated mild fibrosis

Irregular areas of hypoattenuation
with compensatory over-inflation,
invariably associated with scarring
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Q3. What other features of COPD are discernible on CT scans apart from
emphysema and bronchitis?

Answer. The following features can be associated with COPD:

e Small airway disease: peripheral centrilobular micro-nodular opacities, gas
trapping on expiratory CT

e Large airway disease: tracheobronchomalacia, saber sheath appearance, tra-
cheobronchial outpouching/diverticulae

e Interstitial lung disease: patchy ground-glass abnormality, subpleural reticu-
lar abnormality

e Pulmonary artery enlargement: suggests pulmonary hypertension, ratio of
pulmonary artery to aorta diameter >1, is associated with the risk of COPD
exacerbation

e Bronchiectasis

Q4. What are the additional advantages and disadvantages of computed

tomography in obstructive airway disorders?

Answer.

Advantages:

e CT is a validated tool for quantification of emphysema and small airway dis-
ease in COPD.

e It can estimate the degree of airflow obstruction at pulmonary function test-
ing and the risk of COPD exacerbations by determining bronchial wall thick-
ness and the extent of emphysema.

e It is useful for lung cancer screening, evaluation of pulmonary nodules
detected on chest X-ray, assessment of concurrent interstitial lung disease, or
planning surgical interventions such as lung transplantation and lung volume
reduction surgery (LVRS).

e Helpful in calculating Wall Area Percent (WA%).

Disadvantages: time consuming, radiation exposure

Q5. What is Wall Area Percent (WA%)?

Answer. Wall Area Percent (WA%) is calculated as 100 times the airway wall area
divided by the total bronchial cross-sectional area. This has become the stan-
dard CT-based measure of airway disease in smokers. Quantitative assessment of
the (5th) WA% of more distal airway generations provides stronger correlations
to lung function (3rd) than the proximal segmental airway generation), distal
measures of WA% provide the strongest correlation to inhaled bronchodilator
response in obstructive airway response.

Q6. What are the newer techniques for radiological assessment of airway
disorders?

Answer. Magnetic resonance imaging (MRI): use of hyperpolarized gases in

MRI offers exciting possibilities for measuring alveolar dimensions. The only

major limitation of MRI is the relatively high ratio of air to tissue. The result-

ing low density of pulmonary hydrogen atoms limits image resolution for the
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quantitative assessment of structure without the use of intravenous or inhaled
contrast-enhancing agents.

Optical Coherence Tomography (OCT): this involves bronchoscopic insertion
of a fiber-optic probe into the airways and selectively examining the tracheobron-
chial tree in detail. However, it may lead to overestimation of the CT measures
of airway disease, although it is a sensitive imaging modality to assess disease
progression.
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INTRODUCTION

Imaging is one of the essential components of cardiac critical care management.
It helps not only in the initial resuscitation, assessment and diagnoses of the con-
dition but also to know the response to treatment. The majority of imaging done
bedside in the ICU pertains to cardiac functions. Although initially confined only
to the cardiac ICUs, such imaging procedures are currently available in almost all
ICUs and are performed routinely.

IMAGING MODALITIES

e Range of cardiac imaging modalities that are available include:
e Chest radiography

Ultrasonography

Echocardiography (Echo)

Computed tomography (CT)

Cardiac magnetic resonance imaging (cardiac MRI)

Nuclear scans etc.

Factors affecting the choice of imaging technique

With so many diverse imaging modalities available, the choice of the imaging for
a given patient becomes important, which again depends on availability, exper-
tise and cost effectiveness. Whatever imaging modality is used, noninvasiveness
and bedside performance are the key benefits of importance to the patient.
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Chest radiography

¢ One of the most common basic imaging techniques done in the ICU due
to the availability of portable radiographic machines.

Helps in identifying the position of central venous catheters, position of
the permanent pacemakers, prosthetic valves, intracardiac devices etc.
and their complications as well.

e Central venous catheters
Done for monitoring the central venous pressure as a rough guide to:

Volume status

Infusion of inotropes, vasopressors
Infusion of irritant medications
Parenteral nutrition etc.

Long-term use in patients receiving chemotherapy, dialysis etc.
Complications of CVC insertion include:

a)

b)

o)

d)

e)

Malpositioning of the CVCs is estimated to be up to 5-10%

- Ideally the tip of the CVC should be present at the junction of supe-
rior vena cava and the right atrium, which is visualized in the chest
radiograph as just below the anterior first rib.

Misplaced CVC may be present in any of the central systemic veins,

such as azygous vein, internal jugular vein (subclavian CVC) etc. or

elsewhere

Pneumothorax is the second most common complication, which

accounts for up to 6% of all CVC placements (Figure 2.1)

- A routine chest radiograph is essential for all successful or unsuc-
cessful placements of CVC. So, if a patient is scheduled for rou-
tine chest radiography, it should be taken only after attempting for
CVC.

- A lateral radiograph is obtained in patients for confirmation of a
misplaced tip in the azygous vein or in upright position for finding
a very small pneumothorax.

Vascular injury

- May present as new-onset pleural collection.

- May be due to:

- Hemothorax

Misdirection of the catheter
- Mediastinal hematoma as mediastinal widening
- Extrapleural hematoma (apical cap) etc.

- Contrast injection through the central venous catheter is
required sometimes to document the vascular injury and
misplacement

Knotting, coiling, kinking, thrombosis causes further complications

Fragmentation because of compression between clavicle and first rib

called pinch-off syndrome, which can also be detected by chest

radiography
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Figure 2.1 Pneumothorax (blue arrow showing lung margin).

e Heart silhouette (Figure 2.2)

o Right heart border: The right heart is identified, and it is followed from
the diaphragm. From diaphragm to the hilum, the right heart border is
formed by the right atrium. From hilum upwards, it is formed by the supe-
rior vena cava.

o Left heart border: From the diaphragm up to the hilum, left heart border
is formed by the left ventricle. At the lower level of left hilum, the left bor-
der is concave and is formed by the left atrial appendage. In patients with
left atrial enlargement, there is loss of this concavity and hence the left
heart border is either straightened or convexity ensues. At the hilum, the
border is formed by the left pulmonary artery and above it by the aortic
knuckle.

o To differentiate the mitral and aortic valves, a line is drawn from the
right cardiophrenic angle to the left atrial appendage. The valve above
this line would be the aortic and below would be the mitral.

o Lateral films are useful in identifying the posterior border of the heart,
which is formed by the left ventricle and the anterior border formed by the
right ventricle.
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' Rlght atrium

MAferine vena cava

Figure 2.2 Heart silhouette.

o To differentiate the mitral and aortic valves in lateral films, a line is drawn

from apex of the heart to the hilum or carina, valve above this line will be
aortic and below will be mitral.

e Pulmonary embolus

e Anareainlung which is blacker than the other side at the same level depict-
ing an area of reduced perfusion to that area of lung due to a clot in the
artery supplying that area, also called “Westermark’s sign” (Figure 2.3).

e Hilar enlargement
o Unilateral hilar dilatation may be due to:
- Pulmonary artery aneurysm

- Post-stenotic dilatation of the pulmonary artery
- Other mediastinal causes

o Bilateral hilar enlargement may be due to:

- Primary pulmonary hypertension where both hila look convex and
peripheral pruning in the lung fields (reduction in peripheral vascularity

with edges with the lung field edges are lighter and central fields whiter
than usual).
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Figure 2.3 Westermark's sign.

SPECIFIC CARDIAC LESIONS ON CXR
o Atrial septal defect

Heart enlargement (determined by the cardiothoracic ratio by measuring
the width of the thorax and the width of the heart if it is more than half the
diameter of thorax) along with pulmonary hypertension.

The apex will be rounded due to right ventricular enlargement.

Might be lifted off from the diaphragm, and the right heart border is fuller
than usual due to right atrial enlargement.

The position of heart may be shifted to left so that the right edge of the
vertebral column is seen.

Smaller aortic knuckle due to the diversion of blood to right atrium.
Mitral stenosis (Figure 2.4): loss of concavity just below the left hilum due
to the left atrial enlargement often straightening the left heart border or
even makes it convex.

“The double right heart border” due to left atrial enlargement.

Elevation of left main bronchus due to left atrial enlargement causes the
angle between the carina and the left bronchus to be more than 90°.
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Figure 2.4 CXR showing straightening of left heart border.

Other classic chest radiography signs of congenital cardiac lesions include:

“Egg on string sign” in transposition of great arteries.

“Snowman’s sign” in total anomalous pulmonary venous return.

“Scimitar sign” in partial anomalous venous return.

“Gooseneck sign” in endocardial cushion defects.

“Boot-shaped heart” in tetralogy of Fallot.

“Figure of three and reverse figure of three” in coarctation of aorta.
“Box-shaped heart” in Epstein anomaly.

Interpretation of heart size and shape of the mediastinum may not be accurate
in an AP view as both are distorted and lying position of the patient makes it
more erroneous to interpret.

e The disadvantages of chest radiography are that they have low sensitivity,
exposure to radiation, fetal exposure is not desirable hence a relative contra-
indication in pregnancy.

Ultrasonography

® Bedside ultrasonography gives rapid and real-time answers about patients.
e Cardiac ultrasonography is a part of point-of-care ultrasonography (POCUS).
It is successful in critical care units because it is:
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Relatively inexpensive

Radiation free

Painless

Has fewer logistical issues compared to that of portable radiography

Ease of learning by non-radiologists especially intensivists which brought

immediacy, repeatability and integration

e Disadvantages are quality images rely on skill and persistence of the
sonographer.

e Used extensively pertaining to cardiac invasive procedures in ICU such as guid-
ing the insertion of central venous catheters, guiding pericardial paracentesis.

e The abdominal ultrasonography is used for the assessment of vascular struc-
tures such as abdominal aorta aneurysms or dissections, hemodynamic
assessment.

Abdominal aorta: Abdominal Aortic Aneurysm (AAA)

e If ruptured, it will be a catastrophic event.

e Identification of AAA is very crucial in cases of persistent hypotension,
abdominal pain and unilateral hydronephrosis; an ultrasound examination is
specific and sensitive in detecting AAA.

o The normal aorta size is 3 cm, and the risk of rupture would be low if it is less
than 4 cm. The risk increases rapidly if the diameter is more than 5.5 cm.

e Volume status and inferior vena cava (IVC) collapsibility:

IVC collapsibility index = Max IVC diameter on expiration —

IVC distensibility index =

IVC is very sensitive to fluid changes as it is collapsible and the diam-
eter changes with respiratory changes of intrathoracic pressures.

IVC diameters are measured and IVC collapsibility index in spontane-
ously breathing, but IVC distensibility index is calculated in mechani-
cally ventilated patients.

IVC distensibility index in a ventilated patient are calculated as clini-
cal parameter to assess the fluid status of the patient.

With the probe in the subxiphoid region, IVC is identified where it
joins the right atrium. It is traced back up to a point beyond where the
hepatic veins drain into IVC. Here M-mode is applied and the mini-
mum IVC diameter on inspiration and the maximum diameter of
IVC on expiration are measured in spontaneously breathing patient.

The reverse applies in mechanically ventilated patient.

Min IVC diameter on insp

Max IVC diameter on exp

Max IVC diameter on inspiration — Min IVC diameter on exp

Min IVC diameter on exp

e An IVC collapsibility index of more than 50% is associated with severe
dehydration and need for fluid therapy.
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Echocardiography

e Considered as the “extension of examining hand” as it provides real-time
images in finding quick answers in critical care setup.

e Echocardiography is used in ICU for the assessment of:

Hemodynamics

Fluid responsiveness

Procedural guidance

Diagnosis of shock

In cardiac arrest

In extracorporeal life support

In ventricular assist devices etc.

e Echocardiography can be viewed as an extension of the routine ultrasonogra-
phy but limited to heart and its major vessels.

® Focused echocardiography is done at the bedside often serially in rapid suc-
cession by the critical care physician and is called focused critical care echo-
cardiography (FCCE).

e Used to rapidly answer specific practical, straightforward clinical questions
such as fluid responsiveness, pericardial effusion, inotropic responsiveness
etc., what is called goal-directed echocardiography.

e Transesophageal echocardiography is only used as an adjunct to echocardiog-
raphy despite its superior image quality, because of the:

o Invasive nature of insertion

Maintenance of the equipment

Prolonged learning curve

To be inserted only in mechanically ventilated patients or in deep sedation

BASIC TRANSTHORACIC ECHOCARDIOGRAPHY VIEWS

Some of the basic views every critical care physician should know are as follows:

® Parasternal long axis view (PLAX) (Figure 2.5): place the probe marker towards
right shoulder in the 2nd or 3rd intercostal space near the left sternal border. In
this view, the left atrium, mitral valve, left ventricle, the interventricular sep-
tum, right ventricle, aortic valve, and the ascending aorta are seen in long axis.

® Short axis view (Figures 2.6, 2.7): from PLAX if the probe is rotated 90° with
the pointer towards the left shoulder, the short axis views are obtained. To get
the aortic short axis view, the probe is slightly tilted towards the head. Here we
can see the aorta in the short axis (Mercedes Benz sign), right atrium, tricuspid
valve, right ventricle, right ventricle outflow tract (RVOT), the pulmonary artery
and part of LA. Similarly, if the probe is tilted towards the apex, LV short axis is
viewed at different levels, namely valvular level, papillary level and apical level.

® Four-chamber view (Figure 2.8): place the probe to the lateral of the apex with
the marker towards the left shoulder. In this view the right atrium, tricuspid
valve, right ventricle, interventricular septum, left atrium, mitral valve and left
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Figure 2.5 Parasternal long axis view (PLAX) (LV: left ventricle, RV: right ventri-
cle, AML: anterior mitral leaflet, Ao: aortic outlet, Dao: descending aorta, PML:
post-mitral leaflet, LA: left atrium, RA: right atrium).
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Figure 2.6 Parasternal short axis view at aortic valve level (Ao: aortic outlet, RA:
right atrium, IAS: interatrial septum, LA: left atrium).
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Figure 2.7 Parasternal short axis view (Ao: aortic outlet, PA: pulmonary artery,
RPA: right pulmonary artery, LPA: left pulmonary artery).
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Figure 2.8 Apical four-chambered view (RV: right ventricle, LV: left ventricle, RA:
right atrium, LA: left atrium, TV: tricuspid valve, MV: mitral valve).
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ventricle will be seen. In the same view if we tilt the probe ventrally, the LVOT
and the aorta starts opening, and this view is called five-chamber view.

® Subcostal view: place the probe below the xiphoid notch slightly to the right
and the pointer towards the left hip. Gentle pressure must be used so that the
ultrasound beam passes beneath the sternum and ribs to view the heart.

HEMODYNAMIC EVALUATION BY ECHOCARDIOGRAPHY

Defining the hemodynamic variations that occur commonly in critically ill
patients, the response to the interventions and targeted management thereof is
the primary role of echocardiography in critical care.

Measuring the right heart pressures can be achieved either by catheterization,
which is an invasive procedure, or by simple non-invasive echocardiography.

® Fluid responsiveness

Defined as an increase in stroke volume by 10-15% after volume expan-
sion by intravascular fluid administration.

Intravascular fluid administration is a double-edged sword in that it treats
the hypovolemia, but excess fluid may cause respiratory and renal failure
in an already compromised system. Hence fluid management is to be dealt
with utmost care in critical care patients.

The goal in assessing fluid responsiveness is to differentiate patients whose
stroke volume increases with fluid challenge and whose might not benefit
from fluid administration.

e Central venous pressure

Determined by IVC collapsibility index or IVC distensibility index.
Superior vena caval distensibility of 36% is also shown be a predictor of
fluid responsiveness.

® Pulmonary artery pressure

In the presence of pulmonary hypertension, it is expected that there would
be tricuspid regurgitation (TR) in correlation with the degree of pulmonary
hypertension.

Using the modified Bernoulli’s equation, the measurement of right ven-
tricular systolic pressure (RVSP) is estimated from TR peak jet velocity
given that there is absence of pulmonary stenosis.

Another method of measuring pulmonary artery pressure in the absence
of tricuspid regurgitation is by using pulmonary velocity acceleration time.
It is achieved by looking at the pulse wave (PW) Doppler signal of the pul-
monary blood flow at the pulmonary valve level. Its maximum velocity is
in the range of 0.8-1.2 m/sec.

The time interval between the onset of the flow to the peak is called pul-
monary velocity acceleration time (PVAT). When the pulmonary pres-
sure and the pulmonary vascular resistance are high, there will be an
early peak.



Cardiovascular system 39

The normal PVST is > 130 millisec signifies normal pulmonary artery
pressure (PAP), 100-130 millisec: borderline PAP, 80-100 millisec: mildly
elevated PAP and < 80 millisec signifies severe PAP.

PVAT measurement is valid when the heart rate is between 60-100, there
is no increased right ventricular flow as in atrial septal defect and absence
of severe pulmonary regurgitation.

® Diagnosis and management of shock

Shock is a condition where tissue hypoperfusion may lead to organ damage.

There are many types of shock where management changes from one con-

dition to another.

In critical care with a rapidly deteriorating patient, the etiology might be

undifferentiated shock, or it may be multifactorial. The prompt diagnosis

and its treatment will be the key in saving such patients.

Most common causes are:

- Left ventricular failure (acute valvular dysfunction, intracardiac mass,
hypertrophic obstructive cardiomyopathy, outflow tract obstruction etc.)

- Acute cor pulmonale

- Pericardial tamponade

- Hypovolemic shock

- Septic shock

e Left ventricular failure

LVEF =

One of the etiologies of shock

May be the result of:

- Ischemic heart disease

- Non-ischemic cardiomyopathy

- Global hypoxemia

- Metabolic derangements

- Toxic derangements etc.

Estimation of ejection fraction (EF) is the most common assessment of
global function of left ventricle by several methods such as:

- Two-dimensional planimetry (modified Simpson method)

- M-mode in SAX view (Teichholz formula)

- Fractional shortening

- Fractional area contraction

- Mitral annulus post-systolic excursion (MAPSE)

- dp/dT

- Eyeballing

The principle behind measuring the ejection fraction is ejected volume is
dependent on left ventricle end diastolic volume (LVEDV) and the normal
value is more than 55%.

LV end diastolic volume (LVEDV)—LV end systolic volume (LVESV)
LV end diastolic volume (LVEDV)
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Two-dimensional method

The left ventricular end diastolic and systolic volumes are calculated by tracing
the left ventricular endocardium in both end diastole and end systole. By using the
prior formula, the ejection fraction is calculated.

Motion mode or M-mode

M-mode is the time motion display of the ultrasound wave along the ultrasound
line, which provides a mono-dimensional view of the heart where all the reflec-
tors in the line are displayed along the time axis.

Fractional Shortening (FS)

ES - LV end diastolic diameter (LVEDD)—LV end systolic diameter (LVESD)
- LVEDD

x100

® Normal FS = 25-40%
e Fractional area contraction (FAC)
® By pacing the M-mode in the LV SAX

LV end diastolic area (LVEDA)—LV end systolic area (LVESA)
FAC= %100
LVEDA

e Normal FAC is 35-45%
Mitral Annular Post-systolic Excursion (M APSE)

Measuring the systolic movement of the mitral annular ring is one of the quickest
methods to estimate the LVEF. In the apical four-chamber view, the M-mode cursor is
placed on the lateral mitral annulus, and the excursion of the mitral valve during sys-
tole and diastole are measured. The normal MAPSE > 10 mm correlates with EF > 55%.

® Two-dimensional planimetry (modified Simpsons method)
e Right heart failure due to increased resistance to the pulmonary blood
flow is cor pulmonale.
e Critical care physicians deal with acute cor pulmonale often as a compli-
cation of pulmonary embolism and acute respiratory distress syndrome.
o It can be documented in echocardiography by:
- RV to LV end diastolic ratio > 1
- RV FAC < 35%
- Tricuspid annular plane systolic exertion (TAPSE) < 16mm
- Eccentricity index >1 (D-shaped interventricular septum)
- Right ventricular systolic pressure measured as tricuspid regurgita-
tion > 35 mm Hg etc.
o TAPSE and eccentricity index need a special mention.
- TAPSE: measured by placing the M-mode on the lateral tricuspid
annulus towards the apex in a four-chamber view and measuring the
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distance between the end diastole to the end systole. Even though the
RVOT, IVS is not included in the measurement, which contribute sig-
nificantly to the RV function, it gives a fair idea about the RV function.
Eccentricity index: to identify the RV volume overload to pressure load
as there will be abnormal motion of inter-ventricular septum in both
conditions, eccentricity index is measured. Two minor axes are taken
in the SAX view of the LV, one axis parallel to the IVS and the other
perpendicular to it. The ratio of parallel axis to the perpendicular axis
measured in both end systole and end diastole gives us the eccentric-
ity ratio. In normal subjects, the ratio at both end systole and diastole
will be 1.0 as LV in SAX will be circular in the absence of RV disease
(abnormal IVS). In RV volume overload, the index at end systole will
be 1.0 but will be increased in end diastole. In patients with RV pres-
sure overload, the eccentricity index will be more than 1.0 in both end
systole and end diastole.

® Pulmonary embolism (PE) (Figure 2.9)

PE is best diagnosed by CT, ventilation-perfusion scans.

Relative contra indication in cases of patient’s instability, poor renal param-
eters and significant pulmonary disease makes echocardiography an
alternative.

Two important signs which are characteristic of RV dysfunction in patients
of PE need special mention:

Figure 2.9 (A) arrow showing thrombus in LV, (B) arrow showing thrombus
between RA and RV (C).
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- McConnell’s sign refers to free ventricular hypokinesis with apical
sparing.

- 60-60 sign refers to right ventricular acceleration time < 60 millisec in con-
junction with tricuspid regurgitation with pressure gradient < 60 mm of Hg.

® Pericardial tamponade

o Rare cause of undifferentiated shock, which needs prompt diagnosis and
drainage.

o The characteristic echocardiographic findings in tamponade are:
- Pericardial effusion
- Plethoric IVC
- RA systolic collapse
- RV diastolic collapse
- Septal bounce
- 60% inspiratory decrease in tricuspid peak E wave velocity
- 30% decrease in inspiratory mitral peak E wave velocity

e Hypovolemic shock
e In severe hypovolemia, echocardiographic features are:
- Small and collapsible IVC
- Supranormal LVEF
- Kissing walls of LV (complete collapse of LV during systole in SAX)
- Small LV end diastolic area
- Dynamic interventricular outflow obstruction

e Septic shock
o Causes may be:
- LV strain
- LV systolic dysfunction
- LV diastolic dysfunction
- RV systolic dysfunction
- RV diastolic dysfunction

e Cardiac arrest

e Echocardiography is used both as a diagnostic and prognostic tool in car-
diac arrest and IIb recommendation in ACLS protocol.

e Echocardiography is used to diagnose the reversible causes of cardiac arrest.

e TFocused echocardiographic evaluation during life support (FEEL proto-
col) is a structured approach in cardiac arrest scenarios in which subcostal
view is obtained during a pulse check without prolonging breaks between
chest compression, which are associated with improved outcome.

Computed tomography

o The practice of medicine has changed tremendously with the introduction
of computed tomography in modern medicine.
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e Very short acquisition times help the clinician to use CT for evaluation
of vascular disorders such as aortic dissection, pulmonary embolism etc.

o Despite being an excellent diagnostic tool, mobilizing the sick patient in
ICU poses a significant risk.

o The invention of portable CT machines (CT scan on wheels) has unveiled
anew era of CT in ICU, which is eliminating the logistic issues and getting
closer to the critical care patients’ needs.

e CT scan can be viewed as a higher version of radiography with higher
detail, 360-degree view.

e Two-dimensional planimetry (modified Simpsons method) (Figure 2.10)
e The hallmarks of cardiac failure would be similar to those of
radiography.
e Provides a higher detail such as cardiac chamber dilatation, pulmonary
vascular engorgement, pleural effusion, interstitial pulmonary edema.
e Specific uses of CT in relation to heart would be evaluation of:
- Ischemic heart disease
Calcium deposition in the coronary arteries, aorta
Pericardial effusion
Pulmonary vasculature
Heart valves
- Heart function
e One of the prerequisites for cardiac CT is low heart rate without arryth-
mias, or otherwise will be having motion artifacts.
e Breath holding for 15-20 seconds is needed for a better-quality image.

Figure 2.10 Axial CT of the lower thorax with lung window settings shows mild
bilateral pleural effusion with passive atelectasis of underlying lungs.
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Coronary angiography

e Newest in the development of cardiac CT.

e 64-channel angiography gives greater craniocaudal coverage per rotation and
hence a shorter breath hold is required, as well as a small volume of contrast
injection, less heart variability.

e 64-slice CT has a better special and temporal resolution and hence superior
performance. There are many limitations in cardiac CT.

e “Blooming effect” refers to overestimation of volume set representing calcium
in patients with extensive coronary plaque calcifications. So symptomatic
patients with severe calcium scores are subjected to invasive coronary angio-
gram directly. Detection of restenosis in stents of the size of 3 mm is limited.

e The greatest applicability of coronary CT is in differentiating acute chest pain
from coronary (obstructive coronary artery disease) and non-coronary (aortic
dissection, pulmonary embolism) etiology in emergency situations.

® As the caliber of the coronary artery bypass grafts is larger than the naive
coronary vessels and are prone to less motion artifact, their evaluation by cor-
onary CT has gained much importance in recent times.

e Usage of metallic clips may cause artifacts, and the distal anastomoses are less
clearly viewed.

e In addition to coronary anomalies, coronary artery aneurysm, arterio-
venous fistula, myocardial bridges can be easily reconstructed in three-
dimensional CT.

e Cardiac masses: the location, extent of spread, vascularity, anatomic relation
to other cardiac and non-cardiac structures can be well documented in car-
diac CT.

e The left atrial appendage thrombi can also be detected with high sensitivity
but with low specificity.

® Pericardial thickness and tissue characteristics can be well determined by the
cardiac CT.

Myocardial Perfusion Scintigraphy (MPS)

e MPS looks at the blood flow changes with stress.

e It depends on the principle that on physical stress, the oxygen demand
increases, which leads to coronary vasodilatation and increase in the blood
flow in the healthy arteries.

o In stenosed arteries, despite increase in demand, there will be no increase in
blood flow, which leads to myocardial ischemia and symptoms thereof.

e In patients who cannot do exercise, pharmacological stress testing can be done
by giving Dobutamine or Dypyridamole or Adenosine.

e Newer imaging techniques such as sequential CT, single photon emission com-
puted tomography (SPECT) and positron emission tomography (PET) have
been developed, which provide better blood flow information in less time.

e Also provides better information regarding left ventricular perfusion, vol-
umes, ejection fraction and diastolic function.



Cardiovascular system 45

We can plan the position of various cardiac devices due to information by
MPS on perfusion, ventricular systolic and diastolic function with phase and
movement asynchrony combining with CT anatomy information from hybrid
images.

With the newer agents available such as ?*I-labelled meta-iodobenzyl guani-
dine (MIBG), which is a noradrenaline analogue that is stored in myocardial
presynaptic adrenergic nerve terminal.

By measuring uptake and washout of MIBG, sympathetic innervation of myo-
cardium can be assessed.

This is particularly useful in assessing the symptoms and left ventricular ejec-
tion fraction in risk stratification and prognostication of patients with cardiac
failure.

Ischemic memory imaging

In normal physiological conditions, fatty acids are the major substrate for the
myocardium. During ischemia there will be preferential shift of metabolism
from fatty acids to the glucose. This shift may persist for 12 hours after isch-
emia has subsided.

123]-labelled 15-(p-iodophenyl)-3R, S-methylpentadecanoic acid (BMIPP)
is an iodinated fatty acid with high normal uptake and delayed retention by
myocardium.

Hence, BMIPP is used to image the past ischemic event! Combining the *Tc™
perfusion scan with '2[ fatty acid scan can eliminate the need for stress tests
in patients with suspected acute coronary syndrome.

MRI

Cardiac MRI is a highly accurate, non-ionizing method for assessing cardiac

function and morphology.

Its ability to characterize tissue is useful to define the morphological nature

of scar, inflammation and necrosis, and hence it is well established for the

diagnosis and follow-up of cardiomyopathies and myocarditis.

It is used in conjunction with echocardiography for the diagnosis and

follow-up of congenital cardiac diseases.

Cardiac MRI is superior to SPECT in terms of assessment of myocardial

perfusion.

MRI is the most accurate modality of assessing the myocardial infarction both

in acute and chronic phases.

Can differentiate between the myocardial hibernation and viability.

For non-invasive imaging of the coronary arteries, though CT is superior to the

MRI, because of its ionizing hazard, MRI is accepted as an alternative.

Disadvantages of MRI include:

o Breath holding is required

o Difficulty getting in and out of the scanner in patients with multiple
problems

ALGrawany
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e Heating up tip of the implantable cardiac devices
e Poor image quality in arrythmias
o Renal toxicity with gadolinium-based late enhancement scans
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NEUROIMAGING MODALITIES

CT and MRI are the primary neuroimaging modalities, with an adjunctive role of
Doppler ultrasound and digital subtraction angiography (DSA) in some patients.

Computed tomography

Relies on the differential attenuation of X-ray by body tissues of differing density.

Advantage: it is fast and easily available

Non-contrast CT: reveals bony abnormalities, acute hemorrhage, cerebral
edema, hydrocephalus, mass effect, acute infarct

Contrast-enhanced CT: requires administration of iodinated contrast media

through intravenous route. It is useful for neoplastic, infectious and vascular

abnormalities of the brain and spinal cord

o For CECT head, 80 mL contrast (1.5 mL/sec) is administered intravenously
and the scan is obtained approximately 2 min after injection

CT angiography: arterial evaluation

e 80 mL contrast (4 mL/sec) is administered and scan is performed in arte-
rial phase using bolus chasing technique.

e Usually both brain and carotid angiography is performed.

CT venography: evaluation of veins
e 80 mL contrast (4 mL/sec) is given and scan is performed 45 seconds after
giving contrast.
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CT perfusion: is similarly undertaken to look for ischemic penumbra

e 40 mL contrast (6 mL/sec).
In CT head, the image is obtained in the axial plane and coronal and sagittal
reconstruction is done.

Volume-rendered images: three-dimensional representation of data.
Maximum intensity projection: the highest density values from the CT data are
used to create angiographic images.

Patients undergoing CT with IV contrast require a serum creatinine in accept-

able range with the exception of in emergent situations. Risk of contrast-induced

nephropathy should always be evaluated by calculating eGFR using MDRD formula

e EGFR >45 mL/min/1.73 m? full-dose contrast

e EGFR: 30-45 mL/min/1.73 m?* full-dose contrast with hydration

e EGFR <30 mL/min/1.73 m?: avoid contrast. If needed absolutely, give pro-
phylactic hydration

o Patients on metformin, if EGFR <30 mL/min/1.73 m?, discontinue metfor-
min at the time of scan and restart after 48 hours of giving contrast

o Patients on routine dialysis, correlation of contrast administration with
timing of hemodialysis is not necessary

o DPrefer using Visipaque in patients with renal dysfunction

The estimated radiation dose for a CT head is 2 mGy (<50 mGy radiation dose
in pregnant women does not carry significant risk of malignancy, miscarriage,
major fetal malformation).

Magnetic resonance imaging

Consists of a large, powerful magnet in which the patient lies. It uses non-
ionizing radiation to create useful diagnostic images.

It uses the magnetic properties of hydrogen nucleus (proton) in water and fat.
When the body is placed in a strong magnetic field (B® e.g. 1.5 Tesla or 3 Tesla),
the protons all line up in the direction of the MR scanner. When additional
energy (radiofrequency pulse) is added to the magnetic field 90° to the B, the
magnetic vector is deflected. When the radiofrequency source is switched
off, the magnetic vector returns to its resting state, and this causes a signal
(also a radio wave) to be emitted. This signal is used to create the MR images.
Different tissues relax at different rates, leading to image contrast.

There are few absolute contraindications of MRI, such as presence of a mobile
internal metallic foreign body (such as bullet fragment in abdomen or ocu-
lar foreign body, cochlear implant, subcutaneous insulin pump), most cardiac
pacemakers. All other devices are MR safe, including bony implants, cardiac
valves, aneurysm coils/clips, stents. All metallic objects or electronic devices of
the patients should be preferably removed prior to entering MRI department.
On MRI, various pulse sequences have been designed. Four basic MR sequences
used in almost all patients are T1, T2, fluid-attenuated inversion recovery
(FLAIR) and diffusion-weighted imaging (DWI). T1-weighted images are
good for showing anatomical details and hemorrhage and comparison with
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post-contrast T1 images. T2 and FLAIR are useful in depicting edema and
other pathological processes. DWI can identify cytotoxic edema (infarct,
abscess, epidermoid). SWI or GRE sequences are very useful if hemorrhage or
calcification is suspected.

e Contrast-enhanced MRI is performed using administration of gadolinium-
based contrast media. Gadolinium-based MRI contrast agent is administered
intravenously in approximately 0.2 mL/kg (0.1 mmoles/kg) at a rate of 10 mL
per 15 seconds. Contrast should be avoided in patients with eGFR < 30 mL/
min/1.73 m? because of the risk of nephrogenic systemic fibrosis (scleroderma-
like skin manifestations). If absolutely needed, prefer using macro-cyclic con-
trast (Dotarem) or less preferably Multihance. MRI examination should be
scheduled just ahead of hemodialysis session.

e MR angiography and MR venography can be done without giving contrast
and is a better alternative than CT angiography for patients with renal
disease.

PRINCIPLES OF INTERPRETATION OF HEAD CT
(TABLE 3.1)

® On CT, the density or brightness of a tissue is represented using Hounsfield
unit (HU).

e Water hasa HU value of zero. Bone has a HU value of +1000 and air has a value
of -1000 HU.

e Contrast CT images should be viewed with non-contrast to identify true
enhancement (increase in CT attenuation by more than 20 HU) from non-
enhancing hyperattenuating tissue.

e “Windowing” is a process to highlight the tissue of interest (Figure 3.1).
¢ Brain window: brain parenchyma, ventricles
e Bone window: used for bones and air-filled structures such as sinuses,

pneumocephalus
o Soft tissue window: orbits

Table 3.1 Basics of CT Appearances of Various CNS Structures

Isodense White matter +25 HU
Gray matter +40 HU
Muscle, soft tissue +20 to 40 HU
Subacute bleed
Hyperdense/hyperattenuating Intracranial hemorrhage 60 to 100
Punctate calcifications 30 to 500
lodinated CT contrast 100 to 600
Bone, calcium, metal 1000 or more
Hypodense CSF, cyst, old bleeds +15
Hypoattenuating Fat -30to =70

Air - 1000
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Figure 3.1 CT images of same patient in different CT windows (i.e. brain win-
dow, soft tissue window and bone window respectively).

PRINCIPLES OF INTERPRETATION OF MRI OF BRAIN

How are MRI sequences identified and what are the common indications of each
sequence (see Figures 3.2 and 3.3)? Table 3.2 summarizes the common sequences
and their indications.

Characteristics of tissues under MRI sequencing

How are various tissues characterized using different MRI sequences?

e Tissue brighter than brain parenchyma on any sequence is called hyperintense
and darker tissue is called hypointense.

e Lesions thatare bright on DWIand dark on ADC are referred to as exhibit dif-
fusion restriction. Acute infarct, hemorrhage, abscess, epidermoid and highly
cellular tumors show diffusion restriction.

® Areas that are extremely dark on GRE or SW1 are identified as area of “bloom-
ing” and represent hemorrhage/calcification.

e Lesions or areas which show increased brightness on post-contrast images
compared to T1 sequence are said to show post-contrast enhancement.

e Edema: edema appears hyperintense on T2/FLAIR and hypointense on T1.

e Hemorrhage: show different signal depending on age of hemorrhage. In acute/
early subacute phase, these are dark on T2 and bright to isointense on T1, show
restriction. Susceptibility weighted images (SWI) are best to detect hemor-
rhage where they show blooming.

e Fat: appears bright on both T1/T2 sequence. To differentiate edema from fat
from pathological edema (e.g. in orbit or subcutaneous tissue) on T2 sequence,
fat-supressed sequence such as STIR (short tau inversion recovery) is used, on
which fat becomes dark and edema is hyperintense.



Table 3.2 Identification of MRI Sequences and Their Common Indications

Sequence
T

T2

FLAIR

Dwi

ADC
T1 post-contrast

SWI

Ventricle

Hypointense

Hyperintense

Hypointense

Hypointense

Hyperintense
Hypointense

Hyperintense

Other Features for Identification

Gray matter — gray
White matter — white

Gray matter — gray

White matter — dark

White matter being darker than gray
matter

Poor gray-white differentiation
periventricular bright signal in older
patients

Poor gray-white differentiation

Poor visualization of all anatomical
details

T1 with bright signal observed in vessels
or patchy bright signal in meninges

Blooming artifacts near bone and
temporal lobes

Dark signal in basal ganglia and venous
sinuses

Utility
Evaluation of anatomical details
Detection of hemorrhage
Assessing the degree of contrast enhancement on
post-contrast images
Assessment of fat-containing lesions/structures
Detection of edema, tumor and most of the pathologies
of brain
Lesions are better visualized as CSF and other non-
pathological water signal is suppressed and only
pathological edema is visualized

Detection of cytotoxic edema (such as in acute infarcts)
appears bright.

Abscess, epidermoid cyst, diffuse axonal injury
Restricted diffusion appears dark

Indications similar to DWI

Tumor

Infective lesions

Detection of macro- and micro-hemorrhages
Calcification

Vascular malformations

1G walshs snonsaN
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Figure 3.2 MRI images of same patient showing T1-weighted, T2-weighted, FLAIR
(fluid-attenuated inversion recovery), DWI (diffusion-weighted image), ADC (appar-
ent diffusion coefficient) map and Gd+ (post-gadolinium) contrast-enhanced images.

Figure 3.3 Susceptibility weighted images of a patient (magnitude and phase images).
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Figure 3.4 Characterization of various pathology on MRI sequences. Edema
appears bright on T2 and dark on T1. Late subacute hemorrhage appearing
bright on T1 and dark on T2. Fat (in subcutaneous tissue) is bright on both T1
and T2. Cyst appearing highly bright similar to ventricles.

e Calcification: dark on all sequences. Sometimes, they are difficult to detect on
MRI. SWI/GRE can identify calcification with higher sensitivity.

® Fluid: fluid structures such as ventricles, CSF spaces, cysts, old infarct or bleed
are highly bright on T2 and highly dark on T1. These are dark on FLAIR (sup-
pression) and show facilitated diffusion (dark on DWI and bright on ADC).
Notable exceptions are epidermoid cyst and brain abscesses, which show dif-
fusion restriction.

Figure 3.4 illustrates the characterization of tissues and pathologies on MR sequences.

SYSTEMATIC INTERPRETATION OF CT HEAD

® Bones: use bone window and volume-rendered images to identify fractures
and other bony focal lesions.
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® Extra-axial CSF spaces: look for extradural/subdural/subarachnoid bleed/

lesions. Use bone window to identify pneumocephalus.

® Parenchyma and ventricles: axial images:

o Four lobes of brain and complete lateral ventricles and bilateral MCA
cistern
o Basal ganglia, internal capsule, thalami, external capsule and third ventricle
e Brainstem
- Midbrain and surrounding perimesencephalic cisterns
- Pons and surrounding CSF space, cerebello-pontine angle and inter-
nal acoustic meatus
- Medulla and surrounding CSF space
o Cerebellum: bilateral cerebellar hemispheres, retrocerebellar regions,
venous sinuses
Bilateral orbits
Bilateral frontal, ethmoid, mastoid and sphenoid sinuses and bilateral mas-
toids: bone window
Coronal images: orbits, superior sagittal sinus, sellar-suprasellar region
Sagittal images: sella, suprasellar region, pineal region, brainstem and fourth
ventricle, cerebellar tonsils

MRI SEARCH PATTERN

On MRI similar search pattern remains the same as previously described for CT,
however, the images are seen on each sequence.

Start with axial FLAIR images, to identify bright lesions (edema/other pathol-
ogy). Also evaluate extra-axial spaces for subdural/epidural bleed/lesions.
Evaluate DWI and ADC, for areas of restricted diffusion.

Evaluate T2 axial images for lesions that are T2 bright but may be iso to dark
on FLAIR (FLAIR suppression). Also look for areas that are dark on T2.

T1 images, for T1 bright areas in the parenchyma, ventricle and extra-axial
CSF space that may represent bleed. T1 provides good anatomical detail, look
for anatomical abnormalities, asymmetry.

Post-contrast (T1) sequence: look for enhancing lesions and compare with T1
images.

SWI should be seen for identification of microbleeds that can be missed on
conventional sequences. If SWI or GRE is not done, b0 image of DWTI should
be seen.

Following are the considerations to be looked for on MRI:

Whether the lesion is intra-axial (parenchymal) or extra-axial

What is the nature of lesion or signal change: edema/bleed/mass

Shape, extent and location of lesion

Mass effect produced by lesion

Correlate with clinical background

What are the important anatomical landmarks that one should remember?
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Falx

Frontal lobe

Central sulcus

Parietal lobe

Figure 3.5 Axial T2W image showing superior aspect of cerebellar hemispheres.

e Anatomy of cerebral hemisphere (identification of lobes)

Interhemispheric fissure (contains falx): longitudinal cerebral fissure sep-
arates two hemispheres

Tentorium cerebelli: separates cerebrum and cerebellum

Frontal lobe is anterior to central sulcus and parietal lobe is posterior
to it

Central (Rolandic) sulcus: it has a sigmoid hook shape (omega-shaped
posterior bulge) (Figure 3.5)

Occipital lobe is posterior to parietooccipital sulcus. This sulcus is the
deepest sulcus, perpendicular to interhemispheric fissure, inferiorly joins
calcarine sulcus

Sylvian (lateral) fissure: separates frontal, temporal lobes anteriorly,
courses laterally to cover insula

Temporal lobe occupies middle cranial fossa and is inferior to sylvian fis-
sure. It contains amygdala (antero-superiorly) and hippocampus (postero-
inferiorly) on the medial aspect

Insula: lies deep in the floor of sylvian fissure, overlapped by frontal, tem-
poral, parietal “operculum”

® Basal ganglia, thalamus and internal capsule (Figure 3.6)

Caudate: along frontal horn of lateral ventricle (head) running along lat-
eral ventricle

Anterior limb of internal capsule: capsule separates caudate head from
lentiform nucleus

ALGrawany
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Lentiform <

Thalamus .

Temporal lobes

Frontal lobe

Caudate =

Figure 3.6 Axial T2W image showing basal ganglia, internal capsule (IC) and
thalami.

Lentiform nucleus: contains Galobus pallidus (medially) and Putamina (laterally)
Posterior limb of internal capsule: separates thalamus from lentiform
Thalamus: ovoid nucleus along both the lateral aspect of third ventricle,
laterally bordered by internal capsule

e Ventricle and cisterns (CSF spaces)

Lateral ventricles: each has body, atrium (trigone), three horns (frontal,
occipital and temporal horns)

Third ventricle: midline slit-like vertical cavity between bilateral thalami
Fourth ventricle: diamond-shaped cavity posterior to brainstem and ante-
rior to cerebellum

Foramen of Monroe: communication between lateral ventricles and third
ventricle

Aqueduct of sylvius: communication between third and fourth ventricle
Foramen of Magendie: midline posterior communication between fourth
ventricle and retrocerebellar subarachnoid space

Foramen of Luschka: lateral communication between fourth ventricle and
subarachnoid space (CP angle)

® Brainstem: midbrain, pons and medulla (superior to inferior) (Figures 3.7-3.9)

Midbrain

- Cerebral peduncles: white matter tracts (corticospinal tract)

- Tegmentum: anterior to aqueduct, contains substantia nigra and red
nucleus
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Midbrain -

Cerebellum <

Occipital Id

Figure 3.7 Axial T2W image showing lower aspect of cerebral hemisperes and
midbrain.

+ Temporal lobe

Middle cerebellar
Peduncle

Cerebellum < -+ Vermis

Figure 3.8 Axial T2W image showing cerebellar hemisperes and pons.

- Tectum: superior and inferior colliculi
- Adjacent CSF cisterns: interpeduncular (anterior), ambient (lateral),
quadrigeminal plate (posterior)
o Pons
- Ventral (anterior) pons: white matter tracts
- Tegmentum (posterior)
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Medulla

Cerebellar hemishpere

Cerebellar tonsil

Figure 3.9 Axial T2W image showing cerebellar hemisperes and medulla.

- Cerebellopontine angle (CPA) cistern: lateral to pons and prepontine
cistern (anterior to pons)

Medulla

- Ventral (anterior) medulla: olive and pyramidal tract (corticospinal
tract)

- Tegmentum (posterior): white matter

- Premedullary cistern (anterior to medulla)

® Cerebellum: located posterior to brainstem and fourth ventricle

Two hemispheres and midline vermis

Superior cerebellar peduncle: connects cerebellum to midbrain
Middle cerebellar peduncle: connects to pons

Inferior cerebellar peduncle: connects to medulla

® Sella, pituitary and cavernous sinus (Figure 3.10)

Sella: concave midline depression in sphenoid; anteriorly, tuberculum
sellae and anterior clinoid processes; posteriorly, dorsum sellae, poste-
rior clinoid processes; superiorly: suprasellar cistern, optic chiasma and
hypothalamus

Pituitary: larger anterior pituitary (T1 isointense to brain) and posterior
pituitary (T'1 hyperintense)

Cavernous sinus: paired septated, dural-lined venous sinuses lateral to
suprasellar cistern, also contains internal cerebral arteries and cranial
nerves 3,4,5,6
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Figure 3.10 T2 coronal and sagittal images of brain.

IMAGING CONSIDERATIONS IN TRAUMATIC HEAD INJURY

Choice of imaging: non-contrast CT

Indication of imaging (New Orleans criteria): loss of consciousness, GCS 15, nor-
mal neurological examination with any of the following: headache, vomiting,
age > 60 years, alcohol intoxication, short-term memory loss, seizure, physical
evidence of trauma in head and neck

Indication for repeat CT: any patient with neurological deterioration and routine
repeat CT may be warranted among patients with GCS <9

Indication of MRI (to detect diffuse axonal injury): loss of consciousness persist-
ing greater than six hours after injury, no hemorrhage on CT.

Positive CT findings (New Orleans criteria)

Skull fractures (depressed)

Cerebral contusion: hemorrhage in cortex

Parenchymal hematoma (Figure 3.11)

Epidural hematoma: hyperdense biconvex collection that don’t cross suture

(may cross falx/tentorium) (Figure 3.11)

® Subdural hematoma: crescent-shaped collection that don’t cross Falx/tentorium,
may cross sutures

e Subarachnoid hemorrhage: hyperdensity within sulci/cisterns. Hyperdense

contents in ventricle suggest intraventricular hemorrhage

Mass effect should be noted in form of effacement of ventricles, hydrocephalus
and transcompartmental herniation (Figure 3.12):

Subfalcine herniation

Descending transtentorial herniation
Uncal herniation

Ascending transtentorial herniation
Tonsillar herniation into spinal canal
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Figure 3.1 (A) NCCT images showing biconvex extradural hematoma in left
parietal region (arrow) and (B) acute intraparenchyma traumatic hemorrhage in
right basal ganglia, thalamus, internal capsule (arrow).

Figure 3.12 Coronal (A) T2-weighted image of a patient with a large right cere-
bral infarct with edema shows mass effect in form of right to left subfalcine (dot-
ted arrow) and right descending transtentorial (arrow) hernia; (B) T2 axial image
of same patient showing right uncus herniation (arrow).

IMAGING CONSIDERATIONS IN ACUTE STROKE

® Acute stroke patients who are candidates for IV thrombolysis (0-4.5-hour
window), either non-contrast CT of the brain are recommended to exclude
intracranial hemorrhage and determine the extent of ischemic changes. CT is
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usually preferred because it can be done more timely, although MRI is more
sensitive.

Alberta Stroke Program Early CT Score (ASPECTS), a simple 10-point pre-
treatment non-contrast CT score that divides the MCA territory into 10
regions and identifies patients with stroke who are unlikely to have good out-
come from thrombolysis.

CT angiography/MR angiography of neck and brain used to evaluate cause of
stroke: identify thrombus, guide intra-arterial thrombolysis or clot retrieval,
evaluation of the carotid and vertebral arteries in the neck, establishing stroke
aetiology (e.g. atherosclerosis, dissection, web).

CT perfusion: identification of infarct core and ischemic penumbra that can
be salvaged.

Imaging findings in infarct (Figure 3.13). Table 3.3 summarizes the imaging
findings in infarcts.

INTRACEREBRAL HEMORRHAGE

Occurs in 10% of strokes and is a leading cause of death and disability in adults.
Important causes of spontaneous intracranial hemorrhage are hypertension,
cerebral amyloid angiopathy, aneurysms, vascular malformations and hemor-
rhagic infarcts (both venous and arterial).

Intraparenchymal hemorrhage can be of three types. Centrally located hemor-
rhage (basal ganglia, pons or cerebellum) is caused by hypertension. Lobar
hemorrhage (periphery of a lobe) can be seen in cerebral amyloid angiopathy.
Microbleeds is caused due to chronic hypertension, amyloid angiopathy or
vasculitis.

NCCT is the first-line modality to diagnose bleed where it is seen as an irregu-
lar hyperdense lesion in parenchyma with surrounding edema. Mass effect
can be seen as effacement of sulci, ventricles and herniation.

MR with gradient-recalled echo (GRE) imaging, susceptibility-weighted
imaging (SWI) are sensitive to hemorrhage. MR with MR angiography
[MRA], MR venography [MRV], performed following CT to assess the cause
of hemorrhage.

MR imaging appearance of bleed (Figure 3.14): Table 3.4 summarizes the MRI
findings in CNS bleeds.

Extra-axial hemorrhage: subarachnoid hemorrhage (along sulci, MCA or syl-
vian fissure), cisternal bleed or intraventicular bleed. NCCT is the modality
of choice. CT angiography should be done to look for aneurysm if SAH is
present (Figure 3.15). Digital subtraction angiography (DSA) is the gold stan-
dard for diagnosis and characterization of aneurysms and other vascular
abnormalities.

CT scan is sensitive for detection of SAH, however, sensitivity of CT is thought
to decline with the passage of time, and lumbar puncture is still recommended.



Table 3.3 Imaging Findings for Cerebral Infarcts

Stage

Immediate

Early hyperacute

Late hyperacute
(> 6 hours)

Acute
(first week)

Subacute
(10-15 days)

Chronic

NCCT
Hyperdense MCA

Loss of gray-white
differentiation
Hypodense lentiform
Insular ribbon
Loss of gray-white
differentiation
Hypodense lentiform
Insular ribbon
Significant edema
with mass effect

CT fogging: cortical
petechial bleed
Normal cortex

Gliosis, negative
mass effect, cystic
changes,
hyperdense cortex

T1

Normal

Normal

Hypointensity
(after 16 hours)

Hypointense

Cortex
hyperintensity
(after 3 days)

Hypointense

Cortex
hyperintense
(laminar necrosis)

High T1 in the
cortex

T2/FLAIR

Normal
Loss of flow void
Normal
Loss of flow void

Bright signal

Hyperintense
(progressive
increase in
signal till 4
days)

Hyperintense

T2 fogging
(2 weeks)

Hyperintense

DWI/ADC

Restriction

Restriction

Restriction

Restriction
ADC starts
increasing at

end of first week

ADC pseudo
normalization
DWI bright (T2
shine through)
High ADC
Variable DWI

Others
Occlusion on CTA/MRA

Occlusion on CTA/MRA

Occlusion on CTA/MRA

T1 contrast images: cortical
enhancement (5 days)

Arterial enhancement

Meningeal enhancement

T1 contrast images: cortical
enhancement

Cortical enhancement
(2-4 months)
* Consider mass in
enhancement > 12
weeks
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DCMND

Figure 3.13 (A) Diffusion-weighted images and (B) ADC map showing multiple
areas of restricted diffusion in bilateral cerebral hemispheres (arrows) sugges-
tive of acute infarcts.

Table 3.4 MRI Appearances for CNS Bleeds

Bleed Component TIW  T2W

Hyperacute (<12 h) Intracellular oxyhemoglobin Iso Bright

Acute (hours to days) Intracellular deoxyhemoglobin  Iso Dark

Early Subacute (few days)  Intracellular methemoglobin Bright Dark

Late Subacute Extracellular methemoglobin Bright  Bright
(weeks to months)

Chronic Hemosiderin Dark Dark

OTHER ACUTE NEUROLOGICAL CONDITIONS,
DIFFERENTIALS AND IMAGING CONSIDERATIONS

Brain death in coma patients

Brain death is characterized by diffuse cerebral edema with effacement of the
gray-white matter differentiation and hyperdense cerebellum (reversal or white
cerebellum sign). CT/MR angiography shows non-opacification/non-visualization
of the middle cerebral arteries and intracranial vessels.

Headache

Differential considerations are subarachnoid hemorrhage (SAH), hydrocephalus,
mass, infective lesions venous thrombosis. NCCT should be performed first and
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Figure 3.14 (A,B) T1- and T2-weighted images of early subacute parenchymal
hemorrhage showing T1 hyperintense and T2 hypointense area in left parieral
lobe. (C,D) T1- and T2-weighted images of late subacute parenchymal hemor-
rhage showing T1 hyperintense and T2 hyperintense area in right occipital lobe.

subsequently MRI, CECT or CT/MR venography/angiography should be done
depending on the findings.

Seizures

Infective lesions (neurocysticercosis, tuberculomas, meningitis), mass, mesial
temporal sclerosis (Figure 3.16), cortical abnormalities can cause seizures.
Contrast-enhanced CT and preferably MRI with contrast should be done. MRI
protocol should include Coronal FLAIR and 3D T1 sequences.



Nervous system 65
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Figure 3.15 (A) NCCT image showing extensive subarachnoid hemorrhage
(short arrow) in basal cisterns and intraventricular hemorrhage (curved arrow).
(B) CT angiography of the same patient showing aneurysm (black arrow) arising
from anterior communicating artery.

Figure 3.16 Coronal FLAIR image of a patient with seizures showing atrophic
and hyperintense right hippocampus (arrow) suggestive of mesial temporal

sclerosis.

Fever

Infective lesions should be suspected. CECT or preferably contrast MRI can be
done.

ALGrawany
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Figure 3.17 (A) FLAIR axial image in a patient with fever and altered sensorium
showing hyperintense area in bilateral temporal and bilateral frontal lobes
suggestive of HSV encephalitis. (B) Axial T2-weighted image of a patient with
Japanese encephalitis showing T2 hyperintensities in bilateral thalami (arrows)
and putamina.

Table 3.5 Differential Diagnosis of Ring-Enhancing Lesions and Differential of
Basal Ganglia/Thalamic Lesions (Common)

Ring-enhancing Lesion Basal Ganglia and Thalamic Lesions
Abscess (pyogenic/fungal/ Japanese encephalitis

tubercular) Toxicity (methanol/carbon monoxide/
Tuberculoma organophosphate)
Neurocysticercosis Metabolic (osmotic myelinolysis/hepatic
Metastasis encephalopathy/uremic encephalopathy/
Glioblastoma hypoxic ischemic encephalopathy)

Neurodegenerative (Wilson disease,
mitochondrial, Creutzfeldt-Jakob disease,
Huntington/autoimmune encephalitis)

Classically, it was thought that encephalitis (viral infection) affects the cortex
and cerebritis (bacterial infection) affects white matter, but overlap exists. HSV
encephalitis presents as a hypodense signal in the insular cortex initially and then
extends to the entire temporal lobe, bilateral frontal lobe and contralateral tem-
poral lobe (Figure 3.17a). Japanese encephalitis presents with T2/FLAIR hyperin-
tensity in bilateral basal ganglia and thalami (hypodense on CT) (Figure 3.17b)
(Table 3.5). Cerebritis can be seen as an ill-defined area of edema (hypodense on
CT, hyperintense on T2/FLAIR) in cortical and subcortical. Cerebritis can prog-
ress to brain abscess if untreated, which can be seen as ring-enhancing lesion on
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Figure 3.18 Axial CT contrast-enhanced CT (CECT) image of a patient with
tubercular meningitis showing extensive leptomeningeal thickening (white
arrows) and hydrocephalus (black arrow).

CECT and contrast MRI. The central non-enhancing component of abscess shows
diffusion restriction. Meningitis is seen as leptomeningeal enhancement (enhanc-
ing tissue in the subarachnoid space) in basal cisterns, along the sulci, around
middle cerebral artery, which may be associated with hydrocephalus (Figure 3.18).
Subdural empyema can be seen as crescentic extra-axial collection with enhancing
meningeal lining.

Key points

e A study suggested interpretation of a non-contrast head CT takes an aver-
age of 39 minutes with the help of a teleradiology support system, potentially
wasting precious time in patients with intracranial hemorrhage or ischemic
stroke. Hence, the ability of the emergency physician to interpret the CT could
be extremely valuable.

e What is the role of digital subtraction angiography (DSA) and interventional
radiology in the management of neurological emergencies?

o Diagnosis of occultaneurysm not visible on CTA/MRA and coiling of aneurysm

Intra-arterial injection of tPA (within 6 hours)

Arteriovenous malformation embolization

Cerebral tumor embolization

Carotid angioplasty/stenting
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VAISHALI UPADHYAY, KHUSHBOO PILANIA
AND ANIRBAN HOM CHOUDHURI

INTRODUCTION

Both traumatic and nontraumatic emergencies can involve the locomotor system (mus-
culoskeletal system) and can be witnessed in the ICU. Some musculoskeletal complica-
tions are iatrogenic in nature while some occur after a prolonged ICU and hospital stay.
Imaging plays a pivotal role in the diagnosis and management of such dis-
orders because clinical examination and diagnosis is grossly limited owing to
altered mentation and poor comprehensibility.
The common conditions are:

Traumatic injuries of the spine, thorax and pelvis

Medical complications such as diabetic myonecrosis, rhabdomyolysis
Disuse atrophy of nerves and muscles

Critical illness-induced polyneuropathy and myopathy
Drug-induced myopathies viz. steroids, antimalarials, anti-HIV etc.

AIM OF IMAGING

a. To confirm clinical diagnosis

b. To measure the severity and extent of the injury or disease

c. Early detection of potential complications such as vascular or visceral injuries,
compartment syndrome etc.

IMAGING MODALITIES

We shall limit ourselves to the key modalities useful in everyday practice.
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Bedside X-ray

Preferred modality for initial screening
Cost effective and widely available
Optimum for evaluation of bony injuries
Detection of osteomyelitis

Bedside USG

® Done using curvilinear and high-frequency (5-20 MHz) linear transducers

e Cost effective and widely available

e No radiation hazard and hence can be repeated frequently, if indicated

e High spatial resolution

e Can be done in any position

e Not contraindicated in pregnant patients

e Both static and dynamic assessment are possible

® Good to visualize superficial structures such as muscles and tendons

® Good to assess vascular injuries and associated complications

e Useful to guide bedside interventions

® Operator dependent

e Difficult to evaluate deep-seated structures or those which are underneath
bones

e Usefulness is impaired in the presence of scarring or calcification

CT Scan

e High spatial resolution

e Rapid scanning

e Better than X-ray in detecting fractures and bony complications

® Not performed bedside and hence less preferred in ICU patients with limited
mobility

e Costly

® Greater radiation exposure

e Contraindicated during pregnancy to avoid fetal damage

MRI

e Multiplanar imaging modality

e High contrast resolution

® No radiation exposure

® Can be performed after the first trimester in pregnant patients

® Most sensitive modality for assessment of spinal cord injuries and hematomas

® Expensive

® Less widely available

® Less preferred in ICU patients when transportation is difficult and risky
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Increased scan time

Contraindicated in patients with pacemakers, cochlear implants etc.
Difhicult in claustrophobic patients

Prone to motion artefacts

Limited usefulness in the presence of metallic substances

CARDINAL TECHNICAL POINTERS

Imaging in muscle pathologies

MYOPATHIES, RHABDOMYOLYSIS AND POLYMYOSITIS

Myositis/myopathy, rhabdomyolysis and polymyositis are among the common
acute muscular disorders seen in the ICU.

Imaging supports their diagnosis, delineates sites for biopsy and also guides
therapy.

MRI is the modality of choice in most muscle disorders, though in ICU USG
has greater feasibility.

UsG
Myopathies are seen as diffuse altered echogenicity of the muscles, which
appear hypoechoic in cases with predominant edema and hyperechoic
when fatty infiltration sets in (Figure 4.1).

Figure 4.1 Longitudinal axis USG image of a child with sepsis and tenderness in
left leg showing edema in the muscles of the posterior compartment consistent
with myositis.
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Figure 4.2 Longitudinal axis USG image of an adult male with tenderness in
right paraspinal region showing a hypoechoic collection with internal septa and
debris in right erector spinae muscle, suggestive of pyomyositis.

o In rhabdomyolysis, apart from reduced echogenicity, the muscles have
a hazy and cloudy echotexture with architectural distortion and fascial
thickening. There are also interspersed hyperechoic and peripheral non-
vascular anechoic areas.

o Pyomyositis has an appearance similar to rhabdomyolysis, but there are
more often intramuscular hypoechoic collections with intense peripheral
vascularity due to increased inflammation (Figures 4.2 and 4.3).

® On MRI

o Mpyopathies are seen as multifocal muscle edema and atrophy usually with
a symmetric distribution (Figure 4.4).

e In rhabdomyolysis, the affected muscles show edema and geographical
areas of altered signal and heterogenous rim-like pattern of enhancement
on contrast study (Figure 4.5a, b).

o Inpyomyositis, there is muscle edema in the initial stage which appears T1
hypointense and T2 hyperintense. Subsequently, abscess formation occurs.
An abscess shows low to intermediate signal intensity on T1 images and
appears hyperintense on T2 images with extensive surrounding edema.
Post-contrast fat-suppressed T1 images show peripheral enhancement
(Figure 4.6a—c).
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Figure 4.3 Longitudinal axis color Doppler image of the same patient as in
Figure 4.2, showing increased peripheral vascularity in the lesion.

Figure 4.4 Axial TTW MR image of the thighs showing bilaterally symmetrical
atrophy of muscles of all the compartments consistent with chronic myopathy in
a patient after a prolonged ICU stay.
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Figure 4.5 Axial T2W images (a) and PD fat-saturated images (b) of both legs in
a young male patient who underwent surgery for fractures of left tibia and fibula
showing altered signal intensity in the muscles of the anterior compartment
and tibialis posterior on left side (white arrows) with curvilinear intramuscular T2
hypointensities, consistent with rhabdomyolysis.

DIAPHRAGMATIC MUSCLE DYSFUNCTION

Leads to progressive deterioration of the respiratory status.
Can occur in ICU patients due to critical illness myopathy, ventilator use, or
due to phrenic nerve injury from chest support devices or tube placement.
In recent times, often seen in critically ill COVID-19 patients.
Fluoroscopy sniff test is a quick and real-time assessment of diaphragm
excursion.
Role of USG in diaphragmatic muscle dysfunction:
o Detecting presence or absence of diaphragm muscle atrophy
e Calculating muscle thickening ratio with respiration
¢ Evaluation of excursion with M mode imaging
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Figure 4.6 Axial T2W image (a), TIW image (b) and post-contrast fat-saturated
T1W image (c) of the left leg in a 56-year-old female showing a thick peripher-
ally enhancing T1 hypointense and T2 hyperintense collection (white arrows),
suggestive of abscess. Few interspersed air foci (dashed arrow in a) are seen
within it.

LONG-TERM MUSCULAR SEQUELAE IN ICU PATIENTS

Muscle wasting [sarcopenia and cachexia] is one of the greatest problems in ICU
survivors and is associated with the extent of organ failure and duration of length
of stay.

e USG

¢ Quantitative assessment of muscle can be done - based on muscle layer
thickness and cross-sectional area of an individual muscle or muscle
group.

o Qualitative assessment of muscle can be done - based on muscle
echogenicity.

o Limitations include heterogeneity in parameters measured and reported
and interindividual variability in muscle size.

e MRI
o The muscles show decreased size with fat infiltration.
o Often difficult to transport the patient from the ICU to the MRI scan
room.
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Imaging in pathologies of the skin
and subcutaneous tissues

Cellulitis, necrotizing fasciitis, abscesses and hematomas can be seen in
patients in the ICU set-up. These conditions can be easily diagnosed with USG
performed using high-frequency linear transducer.

USG can also be used for aspiration in these conditions.

UsSG

Cellulitis has a “cobblestone” appearance in which echogenic subcutane-
ous fat lobules are separated by hypoechoic fluid-filled areas (Figure 4.7).
There is increased echogenicity of the skin. Increased vascularity of the
affected areas is seen on color Doppler.

In necrotizing fasciitis, there is fascial thickening with fluid collections,
extensive involvement of both peripheral and deep intermuscular fascia,
involvement of three or more compartments and associated subcutaneous
edema. Air can be seen in the soft tissues as echogenic foci with posterior
dirty shadowing.

Abscesses are seen as hypoechoic collections within the infected soft tis-
sue. Peripheral vascularity is increased. Adjacent subcutaneous edema is
seen. Extent of liquefaction within the abscess depends on the maturity
of the abscess, and the volume of the same can be detected with USG.
Hematomas are often indistinguishable from abscesses on USG, though
the peripheral vascularity on color Doppler in cases of abscesses is much
higher (Figure 4.8).

Figure 4.7 Longitudinal axis USG image in an elderly female patient with celluli-
tis in left arm showing “cobblestone” appearance in the subcutaneous fat plane.

ALGrawany
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Figure 4.8 Transverse axis USG image of an adult male patient with a contained
haematoma in the right upper thigh after femoral artery cannulation.

Imaging in nerve injuries/neuropathies

These may be the indication for the ICU admission but may develop secondary
to a stay in the ICU.

Electrophysiological tests such as EMG and NCV have been traditionally used
for evaluation of nerves, but they have limited ability to delineate the site and
severity of neural damage.

High-resolution USG and MRI including MR neurography have emerged as
excellent modalities to assess the site, extent and severity of damage to the
nerve.

Normal peripheral nerves have a honeycomb appearance on USG due to the
presence of hypoechoic fascicles surrounded by echogenic connective tissue.
On MRI, nerves appear isointense to muscle in T1 images and isointense to
mildly hyperintense in T2 images.

On USG, abnormal nerves appear hypoechoic, and on MRI, they show
increased T2 signal. There is also nerve enlargement with loss of fascicular
architecture depending on the severity of insult.

PERIPHERAL NERVES

Traumatic injuries

Iatrogenic injuries: there has been an increased incidence of such injuries in
patients admitted with COVID-19 in the ICU. The postulated mechanisms
have been increased vulnerability of the nerves due to the hyperinflammatory
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Figure 4.9 Transverse axis USG image in a patient with COVID-19 infection and
clinical median neuropathy showing thickened hypoechoic median nerve.

state and increased need of proning to maintain oxygen levels, which lead to
stretching and compression injuries. Most of the COVID-19-related nerve
injuries are due to axonotmesis.

® USG and MRI in nerve injuries
Help in grading the severity of nerve injury, as per Seddon and Sunderland
classifications, and differentiating neuropraxia from axonotmesis and
neurotmesis.
Neuropraxic injury: seen as a change in the echogenicity/signal intensity
of the involved nerve but without any focal change in calibre.
Axonotmesis: focal segment of the nerve showing calibre change
and enlarged fascicles or effacement of the normal fascicular pattern
(Figure 4.9). The nerve continuity is maintained, however.
Neurotmesis: focal discontinuity of the nerve. Exact assessment of the
length of the gap between fibres and the appearance of the nerve fibres at
the torn end is important for surgical planning.
Intraneural foreign bodies can be easily localized with USG.
Extrinsic compression of the nerve due to haematoma can be seen.
Secondary muscle denervation is seen in the form of muscle edema in
early phases and atrophy with fatty infiltration in the chronic setting.

® Chronic inflammatory demyelinating polyneuropathy: involves the peripheral
nerves in a symmetrical fashion with the nerves appearing thickened on both
USG and MRI. Contrast enhancement is usually not present.
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® Post-infectious peripheral neuropathy: when this occurs in the brachial plexus,
it is known as Parsonage-Turner syndrome. MR neurography reveals unilat-
eral or bilaterally asymmetrical enlarged nerves of the brachial plexus with T2
hyperintense signal and associated denervation changes in muscles.

e Critical illness polyneuropathy: a symmetric sensorimotor axonal polyneu-
ropathy that develops in patients with prolonged hospitalization and ICU stay.

SPINAL CORD AND INTRA-SPINAL NERVES

MRI is the preferred imaging modality for evaluation of lesions of the spinal cord
and intra-spinal nerves. These include cord injury, Guillain-Barre syndrome
(GBS) and myelitis.

® Cord injury: the site, extent and severity are seen well on MRI.
e In cord edema, there is a T1 normal/hypointense signal and a T2 hyper-
intense signal, which may be associated with cord swelling (Figure 4.10a).

Figure 4.10 Sagittal T2W image of the cervical spine (a) in a patient with road
traffic accident showing T2 hyperintense lesion in the cord opposite C5-6 level,
consistent with non-hemorrhagic cord contusion. Also noted is fracture of the
spinous process (black dashed arrow, a). Sagittal T2W image of the dorso-lumbar
spine (b) in another patient with severe spinal injury showing cord transection
at D11-12 level.
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¢ Hemorrhagic cord contusion (<4 mm) and cord haematoma (>4 mm) are
seen as T2 hypointense lesions with hyperintense rim. These lesions are
best visualized on GRE T2 images.

e Cord transection is seen as a complete loss of continuity in the spinal cord
(Figure 4.10b).

e Cord compression can occur due to displaced vertebral fracture fragments
or associated haematoma. The cord contour is deformed at the site of com-
pression, and there can be associated changes in signal intensity.

® GBS: thickening and enhancement of the cauda equina nerve roots is seen.
MRI is usually done in these cases to rule out any other proximal cord
pathology.

® Myelitis: seen as signal alteration involving a long/short segment of the cord.
These changesin signal intensity are T2 hyperintense (Figure 4.11a, b). Contrast
enhancement may or may not be present. There is preferential involvement of
the thoracic cord.

e Epidural haematoma: may result in paraparesis in patients on blood thin-
ners or patients with coagulopathy. In the majority of cases, the haematoma
is seen posteriorly or posterolaterally in the spinal canal. It can show variable

Figure 4.11 Sagittal T2W images of the cervico-dorsal spine (a) and dorsal spine
(b) in a young female patient with quadriparesis following fever showing exten-
sive T2 hyperintense signal in the spinal cord, consistent with myelitis.
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Figure 4.12 Sagittal T2W image (a) and axial T2W image (b) showing a posterior
epidural haematoma extending from C2 to D5 level, which is causing mild cord
compression.

hypo- to hyperintense signal on T1 and T2 images depending on the stage of
blood degradation products. There is compression of the thecal sac at the level
of the haematoma and effacement of the epidural fat (Figure 4.12a, b).

Imaging in spinal trauma

e (Clinical evaluation and information on the nature of trauma are the most
important factors to decide if imaging is needed and the type of imaging
modality.

e Imaging is needed especially for unstable lesions that can be responsible for
serious neurologic complications.

e Stable and alert patients who fulfil the Canadian C-Spine Rule or the NEXUS
low-risk criteria may not be imaged.

® Role of imaging in spinal trauma:

To diagnose and characterize the type of injury

To estimate the severity of injury

To assess for potential spinal instability

To evaluate the status of the spinal cord and surrounding structures (MRI
is the gold standard technique)

The role of different imaging modalities has been discussed in the subsequent
sections.
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RADIOGRAPHS

e These are the first line of imaging in most cases of spinal trauma.

e Minimal radiographic assessment for spine consists of anteroposterior and
lateral views. In cases of cervical spine, additional odontoid/open-mouth view
is mandatory.

e Thelateral view is the most important radiograph to acquire. In cervical spine,
the cervicothoracic junction must be seen as supplemented by additional views
(swimmer’s or oblique views) or by gently pulling down the shoulders.

e Flexion-extension radiographs are important optional views to diagnose
atlantoaxial instability.

e The severity of the injury depends on:

e Fracture morphology (compression, distraction, rotation/translation)
o Integrity of the discoligamentous complex
o The patient’s neurologic status

e For cervical spine injury, the ABC method, proposed by Daffner and Harris,
is used.
o Alignment
- Lateral view: the anterior and posterior vertebral lines, the spinolami-
nar and interspinous lines should be assessed for continuity.
- AP view: spinous processes should be in midline and regularly spaced.
- Odontoid view: lateral masses should be aligned.
¢ Bone integrity: maintained vertebral body height and no fracture line
o Cartilage (joints): “rule of twos” - the interlaminar (interspinous) space,
interpedicle distance (transverse or vertical), unilateral or bilateral atlan-
toaxial offset, and the interfacetal joint width must not differ by >2 mm.
The interlaminar distance is more reliable and accurate than the interspi-
nous distance to explore hyperflexion injuries.
o Soft tissue: retropharyngeal thickness
- At C2 level should not be more than 7mm (both children and adults).
- At C6 level should not be more than 14 mm (in children) or 22 mm (in
adults).

e Other important measurements especially for craniovertebral junction
e BDI: basion-dental interval should not be more than 12mm in adults or
children>13 years.
e BAI basion-axial interval should be between + 12mm and —4 mm.
e Normal ADI is<3mm in adults and <5mm in children, and a larger
distance reflects a high probability of ligamentous injury [atlantoaxial
anteroposterior dislocation].

e Various specific injuries are encountered at the craniovertebral junction
o Occipital condyle fractures
e Occipitoatlantal dislocation
- Assessed with the BDI-BAI (Harris’s method) described previously.
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Figure 4.13 Lateral radiographs of the cervical spine in extension (a), flexion
(b) and sagittal T2W MR image (c) of a patient with post-traumatic atlantoaxial
dislocation.

- Powers’ ratio-basion-posterior atlas arch distance/opisthion-anterior
arch distance. Values > 1 are pathologic.

- X-line method: pathologic if the line from basion to the axis spinol-
aminar junction does not intersect C2 or if a line from the opisthion to
the posteroinferior corner of the body of the axis does not intersect C1.

Atlas fractures

Odontoid process/dens fracture

Hangman’s fracture: fracture of both pars interarticularis of C2
Atlantoaxial anteroposterior dislocation/atlantoaxial rotary subluxation
(Figure 4.13a—c)

CT SCAN

e It is being increasingly advocated for unconscious patients not meeting low-
risk criteria. It enables excellent depiction of fractures and displaced frac-
ture fragments, especially with coronal, sagittal and 3D reconstructions
(Figures 4.14a-d, 4.15a-d).

e CT angiogram may be needed to assess the integrity and relationship of the
major vessels to the site of injury. It is also often needed to determine the loca-
tion of the vertebral artery prior to posterior instrumentation procedures.

MRI

e It is the only modality to assess the status of the spinal cord in cases with
neurologic symptoms where spinal cord compression or injury is suspected
(Figure 4.16a, b).

e It is the only imaging modality that can detect the pathology in SCIWORA
(spinal cord injury without radiographic abnormality). These injuries are typi-
cally located in the cervical region and should be suspected in patients with
blunt trauma with early symptoms of neurologic deficit.
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Figure 4.14 Lateral radiographs of the cervical spine in flexion (a), extension
(b), sagittal reformatted CT image (c) and 3D reconstructed CT image (d) in a
patient with fracture of the C2 vertebral body with anteriorly displaced fracture
fragment.

® There should be a low threshold for MRI in paediatric patients as spinal
cord injuries without radiographic abnormality (SCIWORA) are more com-
mon in the paediatric age group.

e MRI s also helpful in assessment of ligament/muscle injury such as the status
of the posterior ligamentous complex in cases of burst fracture, which is a
critical determinant of surgical indication.

e It is the problem-solving tool in cases of discordance between clinical status
and CT imaging.
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Figure 4.15 Lateral radiographs of the cervical spine (a and b) and 3D recon-
structed CT images (c and d) in a patient with hangman'’s fracture showing frac-
ture of bilateral pars interarticularis of C2.

FREQUENTLY ASKED QUESTIONS

Q1. Which modality is most useful in evaluation of rhabdomyolysis?
Answer: MRI has increased sensitivity as compared to USG and CT scan in the detec-
tion of rhabdomyolysis. It can accurately identify the distribution and extent of the
involved muscles by detecting changes in their signal intensity. Imaging findings have
to be correlated with clinical and laboratory parameters to establish the diagnosis.

Q2. What is MR neurography?
Answer: MR neurography includes a combination of two-dimensional and three-
dimensional TIW and T2W sequences with fat suppression so that the nerves
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Figure 4.16 Sagittal reformatted CT image (a) and sagittal T2W MR image (b) in
a patient with posteriorly displaced fracture of the dens. The MR image clearly
shows the extent of cord compression by the displaced fracture fragment
(dashed white arrow, b).

stand out brightly against a dark background. It is the best imaging modality to
evaluate peripheral neuropathies.

Q3. What is SCIWORA and in whom is it commonly seen?

Answer: SCTIWORA is spinal cord injury without radiographic abnormality. It is
more commonly seen in children younger than 8 years of age due to larger head
size, weak neck muscles and increased elasticity of vertebral ligaments.

CASE-BASED REVIEWS

Cervical spine trauma

CASE HISTORY

A 60-year-old man presented with paraparesis following a road traffic acci-
dent. There was injury in the cervical spine region. An MRI was done to
understand the extent and severity of injury to plan further management.

IMAGING FINDINGS
MRI of the cervical spine showed the following findings (Figure 4.17a, b):

e Hemorrhagic cord contusion extending from C2 to D4 level with altered cord
signal and intraparenchymal hemorrhage

ALGrawany
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Figure 4.17 Sagittal T2W image (a) showing hemorrhagic cord contusion (white
arrow), fracture of the spinous processes (black arrow) and axial T2W image
(b) showing hemorrhagic pseudomeningocoele in the left C3/4 neural foramen
(dashed white arrow).

Hemmorhagic pseudomeningocele on the left at C3/4 level, suggestive of pre-
ganglionic avulsion injury to the left C4 nerve root

Fracture of the spinous processes of multiple cervical and dorsal vertebrae
with extensive surrounding soft tissue edema

Prevertebral soft tissue edema

Spondylotic changes and multilevel degenerative disc disease

DISCUSSION

A significant number of patients with road traffic accidents have injury to the
cervical spine. Prompt diagnosis is important as missed or delayed diagnosis of
cervical spine injury can lead to a permanent neurological deficit.

There are different mechanisms of injury involving the cervical spine, which

include flexion injuries, extension injuries and axial compression injuries.

Q1. What determines the prognosis of a patient with cervical spine injury?
Answer. The prognosis depends upon:

The mechanism of injury
Whether the injury is stable or unstable
Presence and nature of cord contusion

Q2. Which injuries are considered unstable?
Answer. Unstable injuries include:

Bilateral interfacetal dislocation
Flexion/extension teardrop fracture
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e Wedge fracture with posterior ligamentous rupture
® Burst fractures

Q3. What are the types of cord contusions seen on MRI?

Answer. Spinal cord contusions are of two types:

e Non-hemorrhagic contusion, when there is only cord oedema

e Hemorrhagic parenchymal contusion with T2 low signal intensity within the
oedema

The length of the cervical spinal cord involved and the nature of contusion are factors
which influence the prognosis. Hemorrhagic contusion indicates poorer prognosis.

Nerve injury due to prolonged ICU stay

CASE HISTORY

A 38-year-old man presented with history of gradual-onset weakness of the
right upper limb. He has a history of a prolonged course of hospitalization
and ICU admission for COVID-19 illness 2 months prior, requiring intubation
and prone positioning

On clinical examination, there was suspicion of right-sided brachial
plexopathy. There was no history of trauma or fever in the interim period.
The routine blood investigations including CBC, CRP and ESR were within
normal limits.

IMAGING FINDINGS

MRI of the cervical spine was done, which showed mild cervical disc bulges
without significant spinal cord or nerve root compression to explain the right
upper limb weakness (Figure 4.18a). EMG/NCYV suggested upper-trunk brachial
plexopathy with axonal degeneration. The exact site, severity and nature of the
nerve involvement could not be delineated.

An MRI of the brachial plexus with neurography was then done to answer the
stated concerns. The brachial plexus MRI showed mild diffuse edema of the right
supraspinatus and infraspinatus muscles (Figure 4.18b). This was consistent with
denervation edema. The MR neurography showed mild thickening with increased
signal in the right suprascapular nerve (Figure 4.18¢c). The nerve continuity was
maintained. There was no extrinsic mass/haematoma causing compression of the
nerve. There were no signs of inflammation in the surrounding soft tissues.

Imaging findings and correlation with clinical features and electrophysiological
tests favour a positioning-related injury (axonotmesis) of the suprascapular nerve.

DISCUSSION

Peripheral nerve imaging by both high-resolution USG and MRI with MR neu-
rography has a very important role in the diagnosis and management of patients
with suspected nerve pathologies. Such pathologies are being increasingly seen in
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Figure 4.18 Sagittal T2W image of the cervical spine (a) showing mild disc
bulges without cord compression and sagittal STIR image of rotator cuff muscles
(b) showing mild edema in the right supraspinatus and infraspinatus muscles (white
arrows). Reconstructed 3D STIR MIP sagittal image (c) showing mild thickening
of the right suprascapular nerve with hyperintense signal (white dashed arrow).

patients with coronavirus disease, both during the disease course and also after
recovery, as a complication of treatment and prolonged hospitalization course.

QI. What are the causes of peripheral nerve involvement in patients with
COVID-19?

Answer. Causes of peripheral nerve involvement in COVID-19 patients are:

® Post-infectious inflammatory neuropathy

e Systemic neuropathy

e Nerve entrapment secondary to hematoma

e Prone positioning-related injury

Q2. What are the advantages and limitations of high-resolution USG for imag-
ing of peripheral nerves?

Answer. The advantages of USG include:

e Cost effective

e Widely available

e High spatial resolution
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Dynamic scanning
Comparison with the contralateral side

The limitations of USG include:

Operator dependence

Inability to adequately assess deep-seated nerves or those subjacent to osseous
structures

Limited utility in the presence of scarring

Q3. What are the advantages and limitations of MRI for imaging of peripheral

nerves?

Answer. The advantages of MRI include:

High contrast resolution

Multiplanar imaging

Can assess deep-seated nerves

Simultaneously assess adjacent osseous and soft tissue structures
Denervation changes in muscles

The limitations of MRI include:

High cost

Limited availability

Long scan time

Contraindicated in patients with pacemakers and cochlear implants
Cannot be done in patients with severe claustrophobia
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SURABHI VYAS, SMITA MANCHANDA
AND ANIRBAN HOM CHOUDHURI

INTRODUCTION

Many imaging techniques can be performed to evaluate the diseases of the urogeni-
tal system. X-rays are not much helpful except sometimes in detecting calculus and
monitoring their size and position. USG is good for assessment of swellings and
masses in the pelvic region besides the calculi, and can determine the obstructions
in different parts of the urogenital tract. They can also guide during biopsies. USG
is advantageous in that it is less costly and free from radiation hazards while both
plain CT scan and CT angiography carry the risk of radiation exposure. CT angi-
ography carries the additional risk of allergic reaction and contrast-induced kidney
injury. MRI provides more detailed information than CT except in urinary cal-
culi. They also provide information about the blood vessels. Besides these modali-
ties, radionuclide scanning can assess kidney blood flow and urine formation.
Retrograde urography can diagnose scarring, tumours and fistulas; cystography
and cystourethrography are performed to rule out bladder injury and detect valve
patency; while angiography can detect vascular abnormalities (Figures 5.1 and 5.2).

AIM OF IMAGING

The aim of imaging in the ICU includes:

® Detecting infective focus in a febrile patient

e Finding the cause of abdominal distension, reduced urinary output and for
differentiating obstructive from non-obstructive pathology

e To guide aspiration and drainage

® To evaluate the extent and severity of abdominal and pelvic trauma
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RT
PLAIN

Figure 5.1 Renal and ureteric calculi. Plain radiograph (A) shows multiple radio
densities in both lumbar areas (arrows) within the renal outlines (arrowheads).
Plain and prone post-contrast injection images of IVP study (B, C). Axial and
coronal CT images show contracted thick-walled renal pelvis (arrow, a, d) with
hydronephrosis. The left ureter also shows wall thickening and narrowing (C). No
excretion of contrast seen from the left kidney on delayed images (B, C).
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Figure 5.1 (Continued).
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Figure 5.2 Renal and ureteric tuberculosis. Axial and coronal CT images show
contracted thick-walled renal pelvis (arrow, A, D) with hydronephrosis. The left
ureter also shows wall thickening and narrowing (C). No excretion of contrast
seen from the left kidney on delayed images (B, C).

IMAGING MODALITIES

A 30-year-old male is admitted following pelvic trauma after a fall with
abdominal distension and anuria. He has tachycardia, hypotension and nor-
mal sensorium. The abdominal examination suggests ascites with suprapubic
tenderness. What are the possible investigations to rule out visceral injury?

The imaging modalities commonly performed in the ICU are X-ray and ultraso-
nography (USG) as they are usually available bedside and avoid any patient trans-
fer. Computed tomography (CT) is performed to rule out hematoma, detect mass
lesion and other findings that cannot be reliably inferred in the USG. MRI can
detect finer injuries which can be missed in the CT but is not helpful for calculus.

Bedside imaging

X-ray
e Preferred modality for initial screening and guiding evaluation.
e Supine abdominal radiograph is the most commonly performed.
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e Left lateral decubitus AP radiograph or supine cross-table view may be used to
detect air-fluid levels and assess free intra-abdominal air.

e Common indications are for detection of calculi and presence of air in the
abdominal organs viz. emphysematous pyelonephritis.

e Other indications include confirmation of optimal position of various drain-
age catheters, tubes and stents.

Ultrasonography (USG)

e Common indications: detection of cause of urinary obstruction, calculi in the
urinary system, pyelonephritis, ascites and/or hemoperitoneum.

e Advantages: real-time investigation, wide availability and convenience. Small
amounts of fluid may be detected and aspirated.

e Disadvantages: patient habitus, presence of intraperitoneal or air within renal
parenchyma, bladder and bowel which may hamper assessment.

Doppler USG

e Doppler can be used as an initial tool for diagnosis of vascular abnormalities
viz. renal artery or venous thrombosis, renal artery aneurysm and infarction.
It demonstrates either no color flow in the affected vascular segment or dila-
tion of the segment with aberrant flow.

e The examination is challenging in ICU due to poor breath holding by the

patient during the procedure, presence of bowel gases and improper patient
positioning. Confirmation by CT may be necessary.

Non-bedside imaging

Intravenous pyelography (IVP)

IVP is rare nowadays as CT urography provides the required information
in less time along with a detailed extraluminal evaluation of the urogeni-
tal tract.

IVP demonstrates changes of urinary obstruction in the form of hydrone-
phrosis, hydroureter, ureteric stricture, ureterocele and calculi (Figure 5.1).
It is the gold standard investigation to demonstrate classical findings of renal
tuberculosis such as papillary necrosis, caliceal dilation and infundibular
strictures.

It has a limited role in intensive care practice.

CT

Non-contrast CT is the modality of choice for evaluation of urinary calculi.
CT demonstrates tiny non-obstructing calculi in the urinary tract, which are
not detected on USG.

Dual-energy CT (DECT) provides material composition of the renal calculi.
CT reveals renal cysts, masses and infections viz. pyeloureteritis, abscess
(Figure 5.2).

CT can assess end-stage renal masses.
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Contrast administration during CT requires normal renal function. Otherwise
(eGFR < 30 mL/min/m?), the risk of acute kidney injury (AKI) due to contrast
administration increases as the GFR decreases. This should be kept in mind in
the ICU.

Contrast-enhanced CT (CECT) versus angiography: CECT abdomen is per-
formed in the venous phase unless specific timing of contrast is required for
specific organs, for example, triple-phase CT for hepatic mass, CT urogra-
phy for renal evaluation etc. Angiography study is performed to demonstrate
the opacified arterial system, and this requires specific timing for contrast
administration.

MRI

MRI is indicated in renal vascular thrombosis, characterizing renal masses,
differentiation of cystic from solid lesions (ultrasound is also used to differen-
tiate cystic from solid masses) and in cases where contrast CT is contraindi-
cated either due to renal compromise or pregnancy.

Contrast-enhanced MRI is also indicated in suspected prostatic carcinoma.
MRI contrast and pregnancy: use of contrast is contraindicated in pregnancy
as the contrast can cross the placenta, but it can be used when benefits out-
weigh the fetal risk.

MRI contrast and renal compromise: in diminished renal function due to
chronic kidney disease, the risk of nephrogenic systemic fibrosis (NSF) is com-
mon with group 1 gadolinium-based contrast agents (GBCA) and least with
group 2 GBCA.

EVALUATION OF FLUID AND HEMOPERITONEUM

A 25-year-old female presents in her 30th week of pregnancy with bleed-
ing p/v, abdominal pain and respiratory distress after a fall. She is pale with
tachycardia and hypotension. What are the useful modalities of investiga-
tion in the initial phase?

Ascites and hemoperitoneum

e FAST

o Ultrasound abdomen in trauma patients is done as a part of FAST (focused
assessment with sonography for trauma) examination.

o It provides estimation of fluid in the peritoneal cavity. The same may be
employed for evaluation of free intraperitoneal fluid in non-traumatic
patients and in those with shock and hypotension, where it is part of the
RUSH (rapid ultrasound for shock and hypotension) protocol.
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o The protocol requires 150-200 mL of fluid in the peritoneal cavity to be
detectable on USG.

e It is a B-mode, real-time USG evaluation using a curvilinear 2-5MHz
probe, with the patient in supine position.

e USG at right upper quadrant for the hepatorenal recess, right paracolic
gutter, right sub-diaphragmatic area, left upper quadrant for splenorenal
recess, sub-diaphragmatic area and left paracolic gutter and the suprapu-
bic scan for free fluid in the pelvis (recto-vesical, recto-uterine and vesico-
uterine pouches) are the sites for assessment of intraperitoneal fluid. In
addition, the sub-xiphoid view is used for pericardial fluid diagnosis.

o DPelvis, paracolic spaces and hepatorenal pouch are the sites for detecting
small amounts of fluid.

e USG has limited value in diagnosing the source of bleed in the case of
hemoperitoneum. It may reveal other causes of fluid accumulation in
peritoneal cavity such as renal or hepatic abnormalities or gynaecological
complication.

SPECIFIC DISEASES

A 50-year-old male patient undergoes PCNL after recurrent nephrolithiasis.
After 10 days of discharge, he presents with high-grade fever, dysuria and

mild haematuria. What are the useful investigation modalities in this patient?

Obstructive uropathy

Ultrasound is valuable as a renal screening modality for obstruction caused by
calculus disease and other causes such as pyonephrosis (Figure 5.3).

Pyelonephritis

Pyelonephritis is inflammation of both the renal pelvis and the renal
parenchyma and may be accompanied by obstructive and non-obstructive
features.

Bacterial infections, granulomatous diseases and metabolic diseases can cause
pyelonephritis.

The patient usually presents with pain, fever and urinary burning sensation.
USG helps to diagnose antecedent abnormalities such as renal calculus dis-
ease, renal cysts and abscesses.

USG may be normal in early interstitial nephritis, or else may show renal
enlargement and altered echogenicity (appearing as hypoechoic due to oedema
or as hyperechoic due to haemorrhage). It may reveal ill-defined, wedge-shaped
hypoechoic areas in the renal parenchyma.
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Figure 5.3 Renal calculi. Axial CECT (A) shows a small non-obstructing hyper-
dense focus in the left caliceal system (arrow). Transverse USG image (B) shows
mildly dilated renal pelvis due to distal calculus. Longitudinal (C) and transverse
(D) USG image show a calculus in the renal pelvis (arrow) with mild hydronephrosis.

e CT has higher sensitivity in diagnosing pyelonephritis and shows areas of
differential enhancement with striated nephrogram in the nephrographic
phase. Wedge-shaped hypodense areas can be seen in the delayed phases
(Figure 5.4). Thickening and enhancement of the urothelial lining can also
be seen, along with stranding and inflammatory changes in the surrounding
fat (Figure 5.5a, b).

e Complications of acute pyelonephritis in the form of abscess formation result
in well-defined round to irregular hypoechoic areas within the renal paren-
chyma with frequent perinephric fluid extension. CT demonstrates the abscess
as hypodense areas with enhancing walls (Figure 5.6). Perinephric collections
and surrounding inflammatory changes are more pronounced in the presence
of renal abscess and mirror with clinical deterioration.

Pyonephrosis

® Pyonephrosis refers to an infected obstructed and dilated renal collecting
system.
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Figure 5.4 Pyelonephritis. Axial and coronal CECT images (A-D) show mul-
tiple wedge-shaped areas of differential enhancement in the bilateral renal
parenchyma (arrows). Similar wedge-shaped areas are seen more clearly in the
delayed image (E).
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Figure 5.5 Pyelonephritis, ureteritis and cystitis. Axial CECT image (A) shows
thickening and enhancement of the urothelium of the renal pelvis, suggestive
of pyelonephritis. There is also similar thickening and surrounding fat stranding
around the right ureter (B, arrow). Axial image of the pelvis (C) shows diffuse
thickening and enhancement of the wall of the urinary bladder.

e Patients are usually toxic at presentation, with painful bulging flanks and
tenderness.

® USG demonstrates dilated renal pelvicaliceal system with internal echoes
(Figure 5.7).

e CT shows thickening of urothelium by more than 2 mm with highly attenu-
ated contents within. Contrast material may accumulate in the dilated collect-
ing system due to stasis. Associated cystitis may also be seen as thickened wall
of the urinary bladder with debris or internal echoes (Figure 5.5¢).

A 60-year-old post-operative diabetic female after a prolonged ICU stay
develops pain during micturition, intermittent low-grade fever, and pain
and tenderness of the lower abdomen. Her urine culture is normal, although
the routine urine examination shows RBC casts. What are the useful radio-
logical investigations?
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Figure 5.6 Renal abscess. Axial and coronal CECT images (A-C) show two irreg-
ular hypodense lesions in the right renal parenchyma with thin enhancing walls
suggestive of abscesses (arrows). Perinephric extension of collections are also
seen (arrow, C). Left jugular and brachiocephalic vein thrombus are seen (arrow,
D), with multiple septic emboli in the lungs (E).
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Figure 5.7 Pyonephrosis. Transverse image of the kidney shows thickened
urothelium and low-level internal echoes within the pelvicalaceal system (A).
Layering of debris is also seen in the urinary bladder (arrow, B).
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Emphysematous pyelonephritis

Emphysematous pyelonephritis is a potentially life-threatening infection of
the kidneys with gas-forming organisms.

It is associated with poorly controlled diabetes mellitus in the majority of
affected patients.

USG may demonstrate extensive shadowing and mottling due to the air within
the renal parenchyma. CT has greater sensitivity to demonstrate both the
presence and extent of disease.

CT can also differentiate emphysematous pyelitis from emphysematous
pyelonephritis by demonstrating air within the renal parenchyma, as
opposed to the former, in which air is confined to the collecting system
(Figure 5.8).

Acute renal injury

Ultrasound is the initial modality of evaluation in a case of acute kidney
injury (AKI).

The size, shape and echogenicity of the kidney along with dilatation of the col-
lecting system gives valuable information regarding the cause of AKIL

CT and MRI are helpful in identifying the cause of injury and demonstrating
other features.

Renal hypoperfusion and dysfunction

Doppler ultrasound is used as a marker for renal dysfunction and
hypoperfusion.

Renal Doppler RI (resistive index) of more than 0.7 is considered abnormal
and associated with shock.

Global renal perfusion on color Doppler also correlates with acute kidney
injury and can be easily performed in the intensive care setting using a curvi-
linear probe.

TUBES AND CATHETERS

Percutaneous Nephrostomy (PCN)

PCN is indicated for relieving a urinary system obstruction, infection or as a
diversion.

It can also be used as a conduit for treatment of calculus disease.

PCN is a SIR class 3 procedure.

It can be performed under ultrasound and/or fluoroscopic guidance.

A dilated posterior calyx is the preferred site for placement of nephrostomy
catheter.

ALGrawany
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Figure 5.8 Emphysematous pyelonepbhritis. Scout image (A) and axial and coro-
nal CT images (B-D) show presence of air within the enlarged heterogeneous
right kidney. Mottled contents and fluid collection are also seen on the lung
window settings (C).

Ureteral stent

o Ureteral or ureteric stents are catheters to ensure free drainage of the urine
across the ureters from kidneys.

o The stent can be placed anterograde under fluoroscopic guidance or retro-
grade under cystoscopic guidance.

o The proximal end is positioned in the renal pelvis and distal end is posi-
tioned in the urinary bladder (Figure 5.9).

Bladder and urethral catheterization

o Bladder and urethral catheterization under imaging guidance is per-
formed in ICU patients for monitoring of urine output, microbiological
and biochemical analysis and relief of bladder outlet obstruction with less
procedural risk.
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Figure 5.9 Double J stent. Left-sided DJ stent in different cases. Plain radio-
graphs (A, B) show left DJ stent in both cases, with right ureteric and renal
calculi in (A) and left renal and ureteric calculi in (B, arrows).
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o Suprapubic catheters are surgically inserted through the pelvis into the
bladder.

o USG demonstrates the position of the catheter tip in the posterior urethra
or the bladder lumen in difficult catheterization.

o Difficult catheterization may be facilitated with the aid of USG guidance
and trans-rectal pressure measurement.

NORMAL KUB (KIDNEY URETER BLADDER)
RADIOGRAPH - READING

KUB radiograph includes the region extending from the upper pole of kidney
superiorly to the inferior pubic rami inferiorly. In contrast, a supine abdomi-
nal radiograph also covers the area superior to the diaphragmatic contour.
Reading of a KUB radiograph should proceed systematically so as not to
miss any important and subtle findings.

The position, size and orientation of the renal shadows is noted first, along
with the psoas shadows on either side. The renal shadows extend from L1 to
L3 vertebral bodies. The orientation of kidneys is such that the upper poles are
directed medially and lower poles are directed laterally.

Abnormal density within or surrounding the renal shadows are noted for cal-
culi, presence of air or obscuration.

Presence, number and shape of any renal calculi is noted.

The psoas shadows on either side of the spine may be obscured in the presence
of a renal or para-spinal pathology.

Calculi along the course of ureters are seen next, followed by the bladder
region within the true pelvis.

The region inferior to the pubic symphysis is noted to ensure that no calculus
lies in the course of the urethra.

GYNAECOLOGY

A 70-year-old female with urinary incontinence undergoes pelvic floor
repair operation. On the third post-operative day, she develops vaginal
bleeding and lower abdominal pain. What are the useful imaging modali-
ties for diagnosis and workup?

KEY INDICATIONS AND IMAGING MODALITIES

Acute pelvic pain and bleeding per vaginum are a common presentation in the
emergency department.

Imaging along with the clinical findings plays a key role in determining the
etiology and distinguish gynecological from gastrointestinal/urological
emergencies.
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e Ultrasound is the baseline imaging modality. It is fast, highly sensitive,
readily available, easy to access and of less cost. The biggest advantage is
the portability and ease of bedside evaluation (1).

e CT is often used in the emergency settings, especially when the localiza-
tion is difficult on the basis of symptoms alone. In addition, CT is required
for extent delineation of large abscess/hematomas (2).

e MRIis not usually used in the acute setting and is often used for problem
solving in indeterminate USG/CT findings. MRI is beneficial in evalua-
tion of Mullerian anomalies, tumours and endometrial pathologies. This
section focuses on the clinical presentation and key imaging features of
the common gynaecological emergencies.

COMMON DISEASE ENTITIES

Pelvic inflammatory disease

This includes a spectrum of diseases such as endometritis, salpingitis, tubo-
ovarian complex, pyosalpinx and peritonitis.

The common etiological agents include Chlamydia trachomatis, Neisseria gon-
orrhoea, Mycoplasma genitalium and other gram-negative bacteria (3). Usually
sexually transmitted, there is spread of infection from the vagina to the other
female reproductive organs.

Varying degrees of pelvic pain with vaginal discharge and cervical excitation
are seen on examination. In the initial stages, imaging may be normal. These
patients can present with acute pain in the emergency setting. There may be
associated thrombophlebitis, which can aggravate to clinical sepsis.

USG shows uterine enlargement, thickened endometrium, hydrosalpinx/pyo-
salpinx and tubo-ovarian abscesses, which are the typical sonographic mani-
festations (Figure 5.10) (4).

On CT, tubo-ovarian abscesses are seen as complex adnexal masses with thick
walls and septations and peripheral enhancement. Parapelvic fat stranding, asci-
tes and thickened uterosacral ligaments are usually identified (Figure 5.11) (5).
MRI reveals inflammation in the parametrium as ill-defined hyperintense
areas on T2FS images. A dilated, fluid-filled, tortuous C- or S-shaped struc-
ture with T1 and T2 intermediate signal contents is suggestive of pyosalpinx.
Thick-walled, fluid-filled abscesses are seen as heterogeneous T1 and T2 signal
intensity (pus, haemorrhage and debris) with peripheral rim enhancement.

Rupture of hemorrhagic cyst/endometriotic cyst

Corpus luteum rupture is a common cause of acute pelvic pain in women,
but the resulting hemoperitoneum in some patients can be potentially life
threatening.

A higher incidence of rupture of corpus luteum is seen in patients with con-
genital bleeding disorders and those on anticoagulants (2, 6). Rarely, even the
endometriotic cysts can rupture.
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Figure 5.10 Pelvic inflammatory disease in a 32-year-old female with fever, pain
in the abdomen and discharge per vaginum. (A) Transvaginal sonogram shows
bilateral, thick-walled, complex multilocular cystic lesions with internal echoes
(block arrow) and mild peripheral vascularity (arrow). (B) Axial CECT shows
adnexal multilocular cystic masses (solid arrow) with thick, enhancing septae, loss
of normal ovarian parenchyma and surrounding fat stranding.
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Figure 5.11 Haemorrhagic cyst rupture. (A and B) A 21-year-old female with acute
pain in the abdomen on day 16 of menstrual cycle. TVS revealed left ovarian cyst (*)
with irregular, crenated margin and internal echogenic contents. Adjacent echogenic
hematoma (arrow) and free fluid with echogenic debris/hemoperitoneum (solid arrow)
suggestive of ruptured corpus luteum. (C) Axial CECT image in another patient
shows cyst in left ovary (arrow) with irregular wall along with hyperdense free
fluid in the pelvis (*).
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e Patients in the reproductive age group classically present with acute pelvic
pain usually in the luteal phase of their cycle. The patient can be hemody-
namically unstable if there is a large amount of hemorrhagic ascites. On vagi-
nal examination, there is tenderness along with pain on lifting up the cervix.
The haemodynamically stable patients can be managed conservatively as this
entity is self-limiting. However, urgent exploration laparotomy is essential for
patients who are in shock.

e USG reveals internal echogenic foci within a hemorrhagic cyst, which is thick-
walled and with crenulated margins. The cyst shows peripheral vascularity on
color Doppler evaluation. USG may also reveal highly echogenic blood clots
surrounding the uterus and adnexa. Hemoperitoneum is seen as fluid with
echogenic mobile contents/debris (Figure 5.11) (7).

e CT reveals a complex adnexal cystic lesion with thick, irregular, enhancing
wall and internal hyperdense contents. Rupture is suggested by a focal discon-
tinuity in the cyst wall. Active contrast extravasation from the cyst confirms
the diagnosis but is a rare finding. Hyperdense foci may be seen in the adnexa
and are suggestive of a sentinel clot. The presence of high attenuation free fluid
is suggestive of hemoperitoneum (Figure 5.11) (6, 7).

e MRI can be used as a problem-solving tool in patients presenting with hemo-
peritoneum and a suspected gynaecological cause. However, because of lim-
ited availability and long scan durations, it is not much used in critical care
settings. MRI reveals a well-defined cyst with thick enhancing wall and iso- to
hyperintense contents on T1-weighted images (7). Hemoperitoneum can have
a variable appearance on TIW and T2W images depending upon the age of
bleed.

Tumour rupture

® Rupture of benign mature cystic teratoma or dermoids can perforate into
adjacent viscera such as bladder and bowel, necessitating ICU admission.
Although less common, malignant tumour can also rupture from increased
intralesional pressure (anticoagulant therapy) or pregnancy, leading to
bleeding and shock because of hemoperitoneum. There may be associated
features of peritonitis. Imaging is very important to aid in diagnosis and
management.

e USG may show a change in the size of pre-existing lesion with irregular mar-
gins and the presence of echogenic ascites, which suggests tumour rupture.

e CT shows alteration in shape and reduction in size of previous tumour
with irregular wall thickening in contrast-enhanced scan. The presence
of high-density ascites, sentinel clot sign or fluid-fluid level within lesion
suggests tumour rupture. In teratoma, fat deposits may be seen in perito-
neum with peritoneal thickening and enhancement (Figure 5.12). In per-
foration of dermoid cyst into adjacent viscera, fat may be seen within the
bladder, or echogenic strands of hair may be visible within the bladder and
urethra.
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Figure 5.12 Ovarian malignant teratoma with rupture. A 30-year-old female with
progressive abdominal distension. (A) Axial CECT image shows bilateral adnexal
masses (solid arrow) with fat attenuation contents (arrow). The left adnexal mass
shows rim calcification (arrowhead). Gross ascites (*) and peritoneal thickening
are seen. (B) In a cranial section, there are soft tissue and fat attenuation depos-
its (arrow).
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e MRI can be performed in stable patients. It shows the presence of high signal-
intensity ascites or sentinel clot adjacent to the site of rupture. Contained rup-
ture can be seen as a discontinuity in the tumour capsule with an adjacent
loculated collection or tumour extension.

CONCLUSION

In the ICU, X-ray and USG are preferred imaging modalities due to their bedside
availability, although they have their limitations. When in doubt, cross-sectional
imaging (CT, MRI) can delineate disease extent and aid lesion characterization.

FURTHER READING

1.

10.

11.

12.

Kaakaji Y, Nghiem HV, Nodell C, Winter TC. Sonography of obstetric and gyneco-
logic emergencies: Part Il, gynecologic emergencies. AJR. 2000;174:651-6.

. Roche O, Chavan N, Aquilina J, Rockall A. Radiological appearances of gynaeco-

logical emergencies. Insights Imaging. 2012;3:265-75.

. Foti PV, et al. Cross-sectional imaging of acute gynaecologic disorders: CT and MRI

findings with differential diagnosis — part Il: Uterine emergencies and pelvic inflam-
matory disease. Insights Imaging. 2019;10:118.

. Bhalla D, Manchanda S, Vyas S. Algorithmic approach to sonography of adnexal

masses: An evolving paradigm. Curr Probl Diagn Radiol. 2021 Sep—Oct;50(5):703-
15, doi: 10.1067/j.cpradiol.2020.08.008. Epub 2020 Aug 26. PMID: 32958313.

. Aggarwal A, Das CJ, Manchanda S. Imaging spectrum of female genital tuber-

culosis: A comprehensive review. Curr Probl Diagn Radiol. 2021 July 6:50363-
0188(21)00112-2, doi: 10.1067/j.cpradiol.2021.06.014. Epub ahead of print. PMID:
34304946.

. Tonolini M, et al. Cross-sectional imaging of acute gynaecologic disorders: CT and

MRI findings with differential diagnosis — part I: Corpus luteum and haemorrhagic
ovarian cysts, genital causes of haemoperitoneum and adnexal torsion. Insights
Imaging. 2019;10:119.

. Pulappadi VP, Manchanda S, Sk P, Hari S. Identifying corpus luteum rupture as

the culprit for haemoperitoneum. Br J Radiol. 2021 Jan 1,94(1117):20200383, doi:
10.1259/bjr.20200383. Epub 2020 Aug 26. PMID: 32822245; PMCID: PMC7774694.

. American College of Radiology. ACR manual on contrast media v10.3. Nephrogenic

Systemic Fibrosis. www.acr.org/~/media/ACR/documents/PDF/QualitySafety/resources/
contrast-manual/Contrast_Media.

. Von Kuenssberg Jehle D, Stiller G, Wagner D. Sensitivity in detecting free intra-

peritoneal fluid with the pelvic views of the FAST exam. Am J Emerg Med. 2003
Oct;21(6):476-8.

Deoraj S, Zakharious F, Nasim A, et al. Emphysematous pyelonephritis: Outcomes
of conservative management and literature review. Case Reports. 2018;bcr-
2018-225931.

Barozzi L, Valentino M, Santoro A, Mancini E, Pavlica P. Renal ultrasonography in
critically ill patients. Crit Care Med. 2007;35(Suppl):5198-205.

Schnell D, Reynaud M, Venot M, Le Maho AL, Dinic M, Baulieu M, et al. Resistive
index or color-Doppler semi-quantitative evaluation of renal perfusion by inexperi-
enced physicians: Results of a pilot study. Minerva Anestesiol. 2014,80:1273-81.


https://doi.org/10.1067/j.cpradiol.2020.08.008
https://doi.org/10.1067/j.cpradiol.2021.06.014
https://doi.org/10.1259/bjr.20200383
http://www.acr.org
http://www.acr.org

Urogenital system 115

13. Kameda T, Murata Y, Fujita M, Isaka A. Transabdominal ultrasound-guided urethral
catheterization with transrectal pressure. J Emerg Med. 2014;46:215-19.

14. Park SB, Kim JK, Kim KR, Cho KS. Imaging findings of complications and unusual
manifestations of ovarian teratomas. Radiographics. 2008 July—Aug;28(4):969-83,
doi: 10.1148/rg.284075069. PMID: 18635624.

15. Salvadori PS, et al. Spontaneous rupture of ovarian cystadenocarcinoma: Pre- and
post-rupture computed tomography evaluation. Radiol Bras. 2015;48(5):330-3.


https://doi.org/10.1148/rg.284075069

Gastrointestinal system

ASHISH VERMA, SAKSHI DUGGAL AND ISHAN KUMAR

INTRODUCTION

Abdominal imaging is performed in the ICU to diagnose acute abdomen, evalu-
ate post-operative recovery, assess severity of abdominal sepsis, polytrauma,
multiorgan dysfunction, tropical infections, poisoning and many other condi-
tions (Table 6.1 and Table 6.2).

A 25-year-old patient with blunt trauma of abdomen following accident is
brought in with altered sensorium, bleeding with features of shock. After
being resuscitated his sensorium improves, blood pressure and heart rate
stabilizes, but the patient continues to have abdominal distension and pain.
What are the abdominal imaging modalities useful in this patient?

AIM OF IMAGING

a. To look for abdominal fluid collections and to quantify the same

b. To investigate the causes for mechanical or functional bowel obstruction

c. To screen an otherwise unresponsive person for abdominal causes of hemody-
namic alteration

d. To evaluate abdominal viscera for suspected dysfunction

If you are suspecting a splenic rupture, which imaging modalities would
you rely upon? Also, if the shock doesn’t improve after resuscitation with
fluids and inotropes, what additional imaging modalities would be useful
to guide therapy?
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Table 6.1 Overview of Acute Abdominal Conditions in ICU That Require Abdominal Imaging (listed in order of frequency per organ) (1)

Esophagus Stomach Duodenum Small Intestine
Boerhaave Peptic ulcer  Peptic ulcer  Ischemic
syndrome perforation  perforation  bowel
Malignancy ~ Penetrating  Blunt or Incarcerated
related trauma penetrating  hernia
perforation trauma
latrogenic Malignancy  latrogenic Penetrating
lesion related lesion trauma
perforation
Penetrating  latrogenic Inflammatory
trauma lesion bowel
disease
Malignancy
related

perforation

Meckel

diverticulum

latrogenic
lesion

Colon Liver Gall Bladder
Appendicitis  Blunt and Cholecystitis
penetrating
trauma
Diverticulitis  Acute Liver  Malignancy
Failure

Ischemic Acute toxic or Gallstone

bowel ischemic perforation
hepatitis

Inflammatory latrogenic Choledochus
bowel lesion cyst (rare)
disease

Malignancy Blunt or
related penetrating
perforation trauma

Blunt and latrogenic
penetrating lesion
trauma

latrogenic
lesion

Volvulus

Pancreas

Acute Blunt and

pancreatitis
trauma

Malignancy

Trauma

latrogenic
lesion

Spleen

penetrating

Vascular

Ruptured
abdominal
aortic
aneurysm
(AAA)

Massive rectus
sheath
haematoma

Massive
retroperitoneal
haematoma

Uterus

Extra uterine
pregnancy

Pelvic
inflammatory
disease

Malignancy

Trauma
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Figure 6.1 Saccular abdominal aortic aneurysm with contained rupture. Axial
and multiplanar reconstructed CT aorta angiography show large saccular out-
pouching arising from right lateral wall of infrarenal abdominal aorta with wide
neck (green arrow, A), showing central contrast opacified lumen (yellow arrow, A,
D), peripheral non-enhancing hypodense thrombus (blue arrow, A, D) and throm-
bus fissuration (orange arrow, B, D). Large retroperitoneal partially thrombosed
aneurysm is causing pressure erosion of L2 and L3 vertebral bodies (red arrow, C).
Circumferential mural thickening of left renal artery ostia causing significant
luminal narrowing (purple arrow, E).

IMAGING MODALITIES

We shall limit ourselves to the key modalities useful in everyday practice.

Bedside abdominal radiograph

o Best taken in upright (mostly seated) AP position; lateral decubitus views
for minimal pleural fluid.

o Quality is usually poor as most mobile radiography systems are not able to
give exposure adequate enough for abdomen.

¢ Not an accurate modality; out of use in most centers now.

e Mostly done to look for calcifications, free air and dilated bowel loops.

Bedside USG

o Investigation of choice for bedside evaluation of abdomen; can be done in
any position.

¢ Done using a combination of low (3-5 Mhz; convex transducer) and high
frequency (5-20 Mhz; linear electronic array transducer).

e Mainly used for evaluation of free fluid and dilated bowel loops; careful
examination can detect free air as well.

¢ Simultaneous evaluation of abdomen, thorax and cardiovascular systems
may be done.



Table 6.2 Conditions That May Develop during ICU Stay Requiring Abdominal Imaging

Esophagus

Erosive
esophagitis

Bile or acid
gastro-
esophageal
reflux

Stomach

Stress-related
mucosal
damage or
ulcer

Small Intestine

Stress related
mucosal
damage or
ulcer

Stomach necrosis  Upper Gl

or perforation
Upper Gl
bleeding

Impaired gastric
emptying

bleeding
lleus

Mesenteric
ischemia

Colon

Mucosal damage or
ulcer

Lower Gl bleeding

lleus

Diarrhea
Constipation
Pseudo-obstruction
(Ogilvie
syndrome)
Mesenteric ischemia

Liver

hepatitis

Impaired liver
synthesis
function

Impaired drug
metabolism
Ascites

Gall Bladder

Toxic or ischemic  Atonic bladder

Sludge

Acalculous
cholecystitis

Pancreas

Toxic or ischemic
pancreatitis

Asymptomatic
biochemical
pancreatitis

Acute pancreatitis

6l1 waisAs |eursajulolisen)
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Figure 6.2 Small bowel ischemia with localized perforation in a 45-year-old
woman with severe abdominal pain. Axial and multiplanar reconstructed CECT
abdomen images show small non-enhancing filling defects in descending tho-
racic aorta (pink arrow, A), abdominal aorta (blue arrow, A and B), celiac trunk
(orange arrow, C) and superior mesenteric artery (green arrow, D). Dilated and
fluid-filled jejunal loops (brown arrow, E) with associated fluid collection in adja-
cent mesentery and air-fluid levels (red arrow, F).

o Can evaluate all type of soft tissue structures including viscera and blood
vessels but not bones.

e Can detect the presence of fluid in peritoneal cavity.

o Can differentiate between exudative (slightly echogenic) and transudative
(totally anechoic) ascites.

o Can quantify fluid and can ascertain causes of fluid accumulation by vir-
tue of its location.

o Simultaneous evaluation of visceral parenchyma is possible (e.g. presence
of chronic liver and kidney disease, liver abscess, hydronephrosis, adrenal
hemorrhage, pancreatitis, abdominal lymphadenopathy).

e May be used to guide bedside interventions such as peritoneal tap.

o Can be repeated multiple times as there is no radiation hazard to patient
and operator.

o Highly operator dependent, hence expertise is necessary.

CT scan

o Though it is a gold standard investigation in many abdominal conditions,
its inability for bedside use is a limiting factor for use in the ICU.
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e Accuracy for characterizing the type of effusion is lesser than USG, good
to evaluate the cause of ascites/hemoperitoneum in presence of chronic
liver and kidney disease, ruptured liver abscess, pancreatitis, unknown
malignancy etc.

e Important investigation to determine the cause of abdominal distension
or pain that goes undetected on USG (Table 6.3), grading of pancreatitis,
detection/staging of malignancies.

In the absence of any definitive findings in USG abdomen, what important
information can be gained by performing a CT of the abdomen?

Figure 6.3 Gall bladder neck carcinoma with infiltration of porta hepatis and
multiple cholangitic abscess. Image (A) Coronal reformatted CECT shows
grossly distended gall bladder (green arrow) with a large, ill-defined heteroge-
neously enhancing multilobulated soft tissue density mass in gall bladder neck
region (yellow arrow), which is infiltrating adjacent hepatic parenchyma [seg-
ment V & IVb], and ascites is also seen (white star). Image (B) shows the lesion
infiltrating common hepatic duct and biliary confluence at porta hepatis with
resultant gross bilobar intrahepatic biliary radical dilatation (blue arrow). Images
(C and D) axial CECT shows few non-enhancing cystic lesions with heterogenous
density in segments Il, VII, IVb and V of liver, suggestive of cholangitic abscess
(white arrows).
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Figure 6.4 Ruptured liver abscess in a 34-year-old male who came with a com-
plaint of right hypochondrium pain. Axial and reformatted CECT images show
moderate hepatomegaly (yellow arrow, A) with a relatively defined thick-walled
peripherally enhancing hypodense lesion (green arrow, B, C, D) in segment VI
of the liver with associated mild subcapsular fluid collection (blue arrow, B, D)
communicating with peritoneal cavity (red arrow, D).

Table 6.3 Comparative Accuracies of CT Scan and Ultrasonography for Detection
of Various Causes of Abdominal Pain

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
CT scan 36-94 95-100 51-89 96-99
USG 27-76 95-100 30-90 91-99

CARDINAL TECHNICAL POINTERS

e Peritoneal fluid: up to 75 mL fluid may be physiological and does not require
drainage unless loculation or inflammation is present.
o A density of up to 15 HU is considered transudative (high SAAG); density
>45 HU indicates presence of blood or high-density material (such as thick
pus) in the fluid.
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e Small bowel obstruction
e For radiography

Use supine position with AP (anteroposterior) projection.

As a general rule, the more visible is the small bowel, the more likely is
its chance to be pathological.

Small bowel is central in location within the abdomen and has charac-
teristic valvulae conniventes that traverse the small bowel lumen (haus-
tral folds of colon do not span the entire diameter of the colonic wall).
Small bowel loops of diameter more than 3cm are viewed with suspi-
cion. The greater the number of dilated small bowel loops, the more
distal is the obstruction.

Most underlying causes of small bowel obstruction cannot be diag-
nosed with an abdominal radiograph.

Diagnostic in 50-60% and have high sensitivity only for high-grade
obstructions (sensitivity 82%, specificity 84%).

A high-grade small bowel obstruction and a low-grade obstruction
can be differentiated by the presence of small bowel distention, with
maximal dilated loops averaging 36 mm in diameter and exceeding
50% of the caliber of the largest visible colon loop as well as a 2.5 times
increase in the number of distended loops in the abdomen compared
with the normal number. Other findings are the presence of more than
two air-fluid levels, air-fluid levels wider than 2.5 cm, and air-fluid
levels differing more than 2 cm in height from one another within the
same small bowel loop.

e For sonography

Use the supine position, which is not commonly used for the evalua-
tion of SBO mainly because most of the time the bowel loops is filled
with gas, producing non-diagnostic sonograms.

Diagnostic features: dilated fluid-filled small bowel loops with a diam-
eter more than 3 cm, the length of the segment is more than 10 cm,
and peristalsis of the dilated segment is increased, as shown by the
to-and-fro or whirling motion of the bowel contents.

Cause: may be determined by examining the area of transition from
the dilated to normal bowel.

Severity: can also be assessed by the presence of free fluid between
dilated small bowel loops, aperistalsis and wall thickening (>3 mm) in
a fluid-filled distended bowel segment that suggests bowel infarction.

o Contrast material-enhanced studies, particularly enteroclysis and CT
enteroclysis: used in clinically suspected low-grade SBO that distends the
bowel wall and exaggerates the effects of mild or subclinical obstruction.

o Standard CT/MDCT

Sensitivity: 90-96%; Specificity: 96%; Accuracy: 95%
Best modality to determine the plan of management.
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- CT criteria for small bowel obstruction are the presence of dilated
small bowel loops (diameter >2.5 cm from outer wall to outer wall)
proximally to normal-caliber or collapsed loops distally.

- Severity: oral contrast is given — non-passage of the contrast material
beyond the transition point indicates an incomplete bowel obstruc-
tion. If no oral contrast material is given: presence of high-grade versus
incomplete obstruction can be determined by the degree of distal col-
lapse, proximal bowel dilatation, and the presence of the “small bowel
feces” sign. Difference in caliber between the proximal dilated bowel
and the distal collapsed bowel by more than 50% suggests a high-
grade obstruction. Intraluminal particulate material in the proximal
dilated segment represents the small bowel feces sign, and it suggests
moderate and high-grade obstruction (though controversial).

- Site: the transition point is identified by a change in caliber between
the dilated proximal and collapsed distal small bowel loops or by iden-
tifying the small bowel feces sign.

- Cause: the answer is almost always in the transition point. Intrinsic
bowel lesions manifest as localized mural thickening at the transition
point. Extrinsic causes are seen adjacent to the transition point and
usually have associated extraintestinal manifestations. Most intralu-
minal causes manifest as endoluminal “foreign objects” with imaging
characteristics different from those of the remaining enteric content.

o Complications: strangulation is defined as a closed-loop obstruction
associated with intestinal ischemia. Sensitivity of CT is 63-100%.

o Diagnostic signs: thickening and increased attenuation of the affected
bowel wall, a halo or “target sign,” pneumatosis intestinalis, and gas in the
portal vein. A specific finding is lack of wall enhancement; asymmetric
enhancement or even delayed enhancement may also be found. Localized
fluid and hemorrhage in the mesentery can also be seen.

Large bowel syndrome

Major sites: the cecum, hepatic and splenic flexures, and recto-sigmoid colon.
LBO is more common within the left colon.

e For radiography

o Use supine and nondependent (either upright or left lateral decubitus)
radiographs.

o Sensitivity: 84%; Specificity: 72%

e Normal colonic caliber: 3 to 8 cm. Dilated caecum > 9 cm, rest of the colon
is dilated if > 6 cm.

o Diagnostic features: dilated proximal colon and paucity or absence of gas
distal to the obstruction. On the upright or decubitus radiographs, air-
fluid levels are often seen in the dilated colon, and their presence suggests
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Figure 6.5 Small and large bowel obstruction due to ulcerative colitis: a 14-year-
old girl presented with non-passage of flatus and stool. (A) Abdominal radio-
graph supine AP view shows multiple dilated small and large bowel loops. No free
gas is seen, suggesting persistent large bowel obstruction. (B) Axial CECT shows
multiple dilated small bowel loops with air-fluid levels, dilated ascending and
descending colon (yellow arrows) along with multiple enlarged but non-necrotic
homogenously enhancing lymph nodes. (C) Axial CECT image shows marked
mural thickening (yellow arrow) of distal sigmoid colon and marked dilatation of
large bowel proximally with transition point marked by green arrow. There is no
transit of contrast distal to obstruction. Marked perisigmoid and perirectal fat
stranding (blue arrow) with prominent lymph nodes (orange arrow).

acute obstruction as the colonic fluid has not been present long enough to
get absorbed.
e Multidetector CT: diagnostic modality of choice

e Sensitivity: 96%; Specificity: 93%
o Diagnostic: dilated large bowel proximal to a transition point and decom-
pressed bowel distal to it. The presence of a transition point is considered
a reliable finding for the diagnosis of LBO.
e Contrast enema: water-soluble iodinated contrast material is used

e Major advantage: easy distinction between a large bowel obstruction and
colonic pseudo-obstruction.

e Disadvantage: for complete evaluation of the colon, the patient must be
able to rotate on the fluoroscopy table.

MAJOR CAUSES OF LBO

® Colon carcinoma: most common cause, most common locations of obstruc-
tion: the sigmoid colon and the splenic flexure. The most common site of perfo-
ration is the cecum. CT findings: asymmetric and short-segment colonic wall
thickening or an enhancing soft-tissue mass centered in the colon that nar-
rows the colonic lumen with or without findings of ischemia and perforation.
e Sigmoid volvulus:

e Radiographic signs: diagnostic in 57-90% of cases. The coffee bean sign/
kidney bean sign or bent inner tube sign (thick ‘inner wall’ represents the
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double wall thickness of apposed loops of bowel, with thinner outer walls
due to single wall thickness) is seen in both sigmoid volvulus (has few air-
fluid levels) and caecal volvulus (has one air-fluid level).
- Bird beak signs: seen in all colonic volvuli (describes the smooth,
tapering transition point of the obstruction).
- The inverted U sign (an inverted ahaustral dilated sigmoid in the
shape of an inverted “U” extending into the right upper quadrant).
- The northern exposure sign: is a high-specificity sign in the sig-
moid volvulus [on a supine abdominal radiograph, the apex of the
sigmoid volvulus is seen above (cranial to) the transverse colon].
- The liver overlap sign: (the sigmoid loop is seen ascending to
the right upper quadrant and projecting over the liver shadow).
e Absent rectal gas

o CT signs: all the plain radiographic signs along with whirl sign (appear-
ance of spiraled loops of collapsed bowel with enhancing engorged vessels
radiating from the twisted bowel at the point of obstruction).

- Contrast enema: water-soluble contrast is used, demonstrates bird
beak sign (smooth, tapering transition point of the obstruction).

Figure 6.6 Sigmoid volvulus: (A) abdominal radiograph AP view in supine posi-
tion shows grossly dilated sigmoid colon. (B) CECT coronal reformatted image
shows sigmoid colon grossly overdistended with twisting of sigmoid colon,
causing resultant closed loop obstruction (coffee bean sign). The ascending and
descending loops of the dilated sigmoid colon are conversing on the left side of
the pelvis with narrowing of the bowel loops, suggestive of volvulus. The dilated
sigmoid is colon reaching up to the left hemidiaphragm. (C, D) Axial CECT: whirl
sign (green arrow) is noted, representing tension on the tightly twisted mesoco-
lon by the afferent and efferent limbs of the dilated colon. (E) On administration
of rectal contrast narrowing/tapering of the sigmoid colon up to the level of
obstruction is seen, suggesting bird beak sign (yellow arrow).
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e (Caecal volvulus

e Radiography: diagnostic in 75% cases. Caecal dilatation >9 cm. Caecum
rotates out to the left upper quadrant and sometimes into the left lower
abdomen or midline.

- CT findings: marked distension of the cecum in an abnormal location,
usually in the mid or left upper abdomen; signs of ischemia include
wall thickening, mural hypoenhancement, pneumatosis in bowel wall,
pneumoperitoneum and/or portal venous gas. Mesenteric stranding
and peritoneal fluid help in the diagnosis of bowel wall ischemia. At
the site of the twist, a whirl sign can be seen.

Acute pancreatitis

How can we differentiate acute necrotizing from acute interstitial pancre-
atitis by imaging?

The imaging should be performed 5-7 days after hospital admission when local
complications have developed and pancreatic necrosis (if present) should be
clearly distinguishable.
Grading
1. Mild: discharged within first week, don’t require imaging for local compli-
cations, but to determine the underlying cause, e.g. gallstones (either USG
or MRCP).
2. Moderately severe: patients with transient organ failure lasting < 48 hours
and/or local or systemic complications.
3. Severe: severe disease is characterized by organ failure for > 48 hours.
Types
1. Interstitial edematous pancreatitis
2. Necrotizing pancreatitis

® Radiography
e Isinsensitive.
e May demonstrate localized ileus of the small intestine (sentinel loop),
spasm of the descending colon (colon cut-off sign).
o Chest radiographs may demonstrate pleural effusion usually left-sided,
hemidiaphragm elevation, basal atelectasis.

e Ultrasound
e Increased pancreatic volume with a marked decrease in echogenicity.
e Pancreatic body > 2.4 cm in diameter, with marked anterior bowing and
surface irregularity.
e The main role of ultrasound is to look for gallstones, identify areas of
necrosis that appear hypoechoic, any thrombosis and collection (paren-
chymal and peripancreatic).
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Figure 6.7 Acute necrotizing pancreatitis: scout (A) supine anteroposterior view of
abdomen shows gastric shadow and few bowel loops; costophrenic angles appear
obliterated (blue arrow), suggesting pleural effusion as confirmed on axial CT image
(B). (C) Bulky pancreas with fuzzy lobulated border and variable contrast enhance-
ment, there is associated fat stranding (green arrow), thickening of left anterior
renal, lateroconal fascia (green arrow, D) and peripancreatic collection. Attenuation
of the liver parenchyma is diffusely decreased (D); axial and (E) coronal images show
partial hypoattenuating thrombus at the origin of portal vein (yellow arrow).

Figure 6.8 Acute pancreatitis with acute peripancreatic fluid collections:
(A) abdominal X-ray AP view in supine position shows an abrupt transition
from distended to collapsed colon just beyond the splenic flexure (colonic cut-
off sign, yellow arrow). (B) Axial CECT shows left-sided mild pleural effusion
(C) and (D) CECT axial images show diffusely enlarged homogenously enhancing
pancreas with acute inflammatory fluid collections in the peripancreatic regions
(yellow arrow), and gross mesenteric fat stranding (green arrow). The attenu-
ation of liver parenchyma is diffusely decreased. (E) Sagittal and (F) coronal
images show fluid collections in bilateral anterior, posterior renal fascia and
extending below into combined fascia (yellow arrow).
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Figure 6.9 Acute necrotizing pancreatitis with colon perforation: 61-year-old
patient with abdominal pain, distension, tenderness and unstable vitals. (A) Axial
CECT shows near-total pancreas is replaced by inflammatory exudates in the region
of head, body and tail (blue arrow), along with multiple internal gas densities within
the collection. Peripancreatic collection is also seen extending into the lesser sac
with edematous changes in the posterior wall of the stomach. Images (B, coronal),
(C and D, axial) show a complete intramural defect in the transverse colon near
hepatic flexure, which is seen communicating with the pancreatic necrotic collec-
tion suggesting perforation. There is severe surrounding mesenteric fat stranding.

e CECT: diagnostic modality of choice

o Sensitivity: 100%; Specificity: 87%

e Focal or diffuse parenchymal enlargement, indistinct pancreatic margin,
peripancreatic fat stranding, with or without non-enhancing intraparen-
chymal/peripancreatic necrotic area, and collection (accumulates in lesser
sac bilateral anterior pararenal space).

e MRI
o Contrast-enhanced MR is equivalent to CT in the assessment of pancreatitis.

INTERSTITIAL EDEMATOUS PANCREATITIS

Focal or diffuse pancreatic enlargement, typically surrounded by peripancreatic
inflammation or a small amount of fluid.
o On contrast-enhanced CT/MR imaging: entire pancreas will enhance with
no unenhanced area.
o There may be surrounding fluid-containing collections but no peripancre-
atic necrotic collection should be there.

NECROTIZING PANCREATITIS

Three subtypes based on the location of the necrosis:
1. Pancreatic only
2. Peripancreatic only
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Figure 6.10 Pancreatitis-induced pseudoaneurysm formation: a 40-year-old
male (known case of pancreatitis) presented with acute epigastric pain and gen-
eralized weakness. (A) Axial CECT image shows bulky pancreas with intrapan-
creatic necrotic collections (dotted orange arrow). A contrast-filled outpouching
is noted in pancreatic head region (solid blue arrow). (B) Axial CECT MIP arterial
phase shows the outpouching (solid blue line) arises from posterior superior
pancreatico-duodenal artery. (C) Coronal CECT MIP arterial phase shows finding
similar to image (B). (D) Axial CECT image shows a large rent in the second part
of the duodenum (solid green line) with adjacent free intraperitoneal air foci,
suggestive of duodenal perforation.

3. Combined pancreatic and peripancreatic: MC (non-enhancing pancreatic

parenchyma along with non-enhancing peripancreatic necrotic collec-
tion, containing fluid with non-liquefied components)

Appendicitis

What are the important abdominal imaging findings in appendicitis, chole-
cystitis, diverticulitis and abscess?

® Fecolith seen only in 35%, and no apparent cause is found in 65% of cases.
® In the early stages of inflamed fat, US is more sensitive than CT scan.
e Overall, CT is the most sensitive modality.

e For Radiography: insensitive

e May show an appendicolith in 7-15% of cases.
o Mural thickening and displacement of caecal gas: seen if an inflammatory
phlegmon is present.

e For USG

o IOC in young patients: Has sensitivity and specificity of 69% and 81%.

o Graded compression and sequential three-step patient positioning proto-
col: initially examined in the conventional supine position > left posterior
oblique position (45° LPO) > “second-look” supine position.

In the early stages of inflamed fat, US is more sensitive than CT scan.
Diagnostic features: aperistaltic, non-compressible, dilated appendix
(>6 mm outer diameter), appears round when compression is applied with
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surrounding echogenic prominent pericaecal and periappendiceal fat
(usually >10 mm) and periappendiceal fluid collection or reactive nodal
prominence. Hyperechoic appendicolith with posterior acoustic shadow-
ing can be seen on sonography. If the wall layers are distinctly seen, then
it implies that it’s in the non-necrotic catarrhal or phlegmon stage. Loss
of wall stratification with an irregular, asymmetrical echolucent contour
indicates perforation or imminent perforation of the appendix (i.e. gan-
grenous stage). Wall thickening (3 mm or above) with mural hyperaemia
is seen on Doppler examination. In the case of appendiceal abscess, the
process of spontaneous evacuation of a pus collection to neighboring
bowel can be followed by doing repeated US.

e ForCT

e Reported sensitivity 88-100%, specificity 91-99%.

o Diagnostic features: divided into appendiceal, cecal and periappendiceal
changes

o Appendiceal changes are the same as seen on sonography. Focal wall non-
enhancement represents gangrenous stage.

- Cecal changes: include cecal apical thickening, the arrowhead sign
(focal cecal wall thickening centered on the appendiceal orifice) and
the cecal bar sign (inflammatory soft tissue at the base of the appendix
that separates it from the contrast-filled cecum), both signs are visual-
ized after rectal contrast administration.

- Periappendiceal inflammation is noted in the form of fat stranding,
thickening of the lateral conal fascia and mesoappendix, intraperi-
toneal fluid and mild lymph node enlargement. Appendiceal mass is
seen on US and CT as a large mass of non-compressible fat around
the appendix, often also with wall thickening of neighboring bowel
loops. If there is a circumscribed pus collection, the diagnosis is
appendiceal abscess. If not, the diagnosis is appendiceal phlegmon.

® MRI: done only as second modality after USG is equivocal in pregnant females.

ACUTE CHOLECYSTITIS

e Plain radiography: abdominal X-ray does not aid diagnosis of acute chole-
cystitis. Done as an initial evaluation to diagnose the complicated gall bladder
disease. Only 15-20% of gallstones are visible on an X-ray. The key radio-
graphic finding in emphysematous cholecystitis is air inside the gall bladder
and/or in the gall bladder area (seen in 95% of patients) or in the biliary tree
(15%); however, its absence on an abdominal radiograph does not exclude a
diagnosis of emphysematous cholecystitis.

e For sonography: most accurate method to diagnose acute cholecystitis.

o Sensitivity and specificity of ultrasound are approximately 88% and 80%,
respectively.

o Diagnostic findings: thickening of the gall bladder wall (>3 mm), distention
of the gall bladder lumen (diameter >4/5 cm), gallstones with impacted
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Figure 6.11 Perforated acute appendicitis with abscess: a 32-year-old male pre-
sented with acute abdomen, fever, nausea and vomiting. (A) Axial CECT image
showing a collection with thick, irregular, enhancing wall in right iliac fossa
surrounded by multiple bowel loops. Appendix was not separately visualized.
(B) Axial CECT at lower levels shows thickened wall of caecum and marked fat
stranding in omentum secondary to inflammatory changes, as well as there
is extension of the collection into anterior abdominal through a sinus tract.
(C) Coronal CECT showing large, thick-walled collection with irregular margin
abutting ileocaecal region.

stone in cystic duct or gall bladder neck, pericholecystic fluid collections
(multiple focal, non-contiguous, hypoechoic pockets of edema fluid within
the thickened wall are typically observed), positive sonographic Murphy
sign, hyperemic gall bladder wall on Doppler interrogation. (Hyperemia in
the gall bladder wall and the adjacent liver and a prominent cystic artery
are relatively specific findings in acute cholecystitis. Power Doppler has
been shown to be superior to color Doppler in detecting such hyperemia.)

Complications

Gall bladder stasis with bacterial  Biliary sludge
overgrowth by 72 hours

Empyema of gall bladder Heterogeneous luminal contents
of variable echogenicity with
layering

Increased pressure in gall bladder Sloughed membranes;

lumen and wall gangrene hypovascularity, loss of Murphy
sign

Perforation Loss of gourd shape; collection

in or adjacent to gall bladder
fossa
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A B C

Figure 6.12 Acute acalculous cholecystitis in a 15-year-old male who pre-
sented with right upper quadrant pain. (A) X-ray abdomen in supine AP view
appears normal. (B) Axial CECT abdomen image shows distended gall bladder
with symmetrically thickened edematous wall and mural enhancement (solid
green line). There is associated marked adjacent fat stranding surrounding
the gall bladder fossa (dotted blue line) and few reactive lymph nodes (solid
blue line). (C) Coronal CECT abdomen image in same patient reveals similar
findings.

o Emphysematous cholecystitis: its appearance on USG depends on the amount
of gas present. Small amounts of gas appear as echogenic lines, with posterior
dirty shadowing, reverberation, or ring-down artifact. A bright, echogenic
line with posterior dirty shadowing is seen within the entire gall bladder fossa.
Compression of the gall bladder fossa may help precipitate movement of gas
bubbles. Pneumobilia may also be seen.

® Acalculous cholecystitis: more common in critically ill patients, hence has
worse prognosis. Its diagnosis can be difficult because gall bladder distention,
wall thickening, internal sludge and pericholecystic fluid may all be present in
critically ill patients without cholecystitis. Cholescintigraphy or percutaneous
sampling of the luminal contents assist in the diagnosis. Ideally, there is non-
visualization of the gall bladder.

® Chronic cholecystitis: as a thick-walled gall bladder with gallstones. Differentia-
tion from acute cholecystitis is made by the absence of other signs, namely, gall
bladder distention, Murphy sign, and hyperemia in the wall.
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Figure 6.13 Acute gangrenous cholecystitis. A 46-year-old male presented with
acute right upper quadrant pain abdomen with fever, nausea and vomiting.
(A) Axial CECT image shows distended gall bladder with enhancing wall, mid-
pericholecystic collection (black solid arrow) and a focal region of sloughed
mucosa (solid white arrow). (B) Axial CECT image shows irregularly thickened
enhancing (black arrow) and non-enhancing wall (blue arrow). (C) Axial CECT
image shows extensive pericholecystic fat stranding (black arrow).

e CT: evidence of the diagnostic accuracy of CT is scarce and remains elusive.

o Diagnostic findings: the presence of gallstones, gall bladder distension with
diffuse wall thickening, increase in wall enhancement, and edema of peri-
cholecystic fat.

- Tensile gall bladder fundus sign (fundus bulging the anterior abdomi-
nal wall has ~75% sensitivity and ~95% specificity for acute cholecys-
titis in the absence of any other CT features). Transient pericholecystic
liver rim enhancement may be seen.

- CT signs suggesting gangrenous cholecystitis are gas in the wall or lumen,
discontinuous and/or irregular mucosal enhancement internal mem-
branes and pericholecystic abscess. Of these, interrupted wall enhance-
ment is the most sensitive sign (70.6%) and is highly specific (100%).

- CT findings of emphysematous cholecystitis show intramural and/or
intraluminal gas caused.

e MRI

o Sensitivity of 88% and specificity of 89%

o Findings similar to those seen on ultrasound and CT. MR cholangiopan-
creatography (MRCP) may show an impacted stone in the gall bladder
neck or cystic duct as a rounded filling defect.

o The presence of one or more of the six criteria is indicative of acute
cholecystitis:

(1) gallstones, often impacted in the gall bladder neck or cystic duct
(2) gall bladder wall thickening (>3 mm)

(3) gall bladder wall edema

(4) gall bladder distention (diameter > 40 mm)

(5) pericholecystic fluid; and
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(6) fluid around the liver, termed the “C sign” (small amount of fluid
between the liver and the right hemidiaphragm or the abdominal
wall, different from pericholecystic fluid)

ACUTE DIVERTICULTIS

Inflammation of colonic diverticula, in a true diverticulum (more frequently
noted in right-sided diverticulitis) or in a false or pseudo-diverticulum (gener-
ally noted in left-sided diverticulitis)

e Plain radiography

Is of little value in the assessment of suspected diverticulitis. May be used
to demonstrate free intraperitoneal air from perforation, portal venous
gas or signs of bowel ileus or obstruction. However, these findings are
nonspecific.

The small, contained perforations cannot be demonstrated on these, which
are commonly encountered on computed tomography (CT).

Is not sensitive for other complications such as abscess and fistula.

o USG

Sensitivity: 77-98%; Specificity: 80-99%

Diagnostic features: at least one diverticulum; seen as bright bowel out-
pouching (bowel bright “ears”) showing some degree of acoustic shad-
owing due to the presence of gas or inspissated feces. Echogenic and
non-compressible fat surrounding the diverticula suggesting an inflam-
matory process of the surrounding fat planes. Bowel wall thickening
(>4 mm). Target sign or pseudokidney sign (the hypoechoic wall sur-
rounding a hyperechoic center) may be seen. If abscess is seen in the form
of organized collection, it mandates further CT evaluation.

e Contrast enema

e CT

Sensitivity: 80-92%

Barium enema should not performed in the acute setting due to the risk of
perforation and peritonitis.

Also causes artifacts that may preclude diagnosis of a CT scan.
Diagnostic findings: fold thickening, segmental spasm, sinus tract, fis-
tula, mass effect from abscess and extraluminal free or contained con-
trast may be demonstrated and can be diagnostic of acute diverticulitis.
Is more useful for chronic diverticulitis.

High sensitivity of 94%; Specificity of 99%

CT abdomen and pelvis with oral, intravenous (IV) contrast and/or colonic

contrast: diagnostic modality of choice in the setting of left lower quadrant

pain with or without fever, except in women of childbearing age, when

ultrasound (US) is the initial preferred modality for unexplained left lower

quadrant pain.

- Oral contrast is used mostly; however, contrast does not reach up to
sigmoid colon by the time examination is done.

- IV contrast helps identify abscess and enhancement of colonic wall.
Hence is used unless contraindicated.

ALGrawany
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Oral contrast may not be necessary, helps to distend colon, detect fis-
tulous tracts and increase the accuracy of examination.

Diagnostic findings: colonic wall thickening (wall thickness > 3 mm
on the short axis of the lumen), disproportionate pericolic fat strand-
ing are the most frequent signs. Inflamed diverticulum along with
enhancement of colonic wall can be seen.

o Complicated diverticulitis are easily demonstrated on CECT.

Diverticular perforation

- Extravasation of gas and fluid into pelvis and peritoneal cavity

Abscess formation (seen in up to 30% of cases)

- Seen as a fluid-containing mass with or without air and an
enhancing wall

Fistula formation (usually a chronic complication)

- Gasin the bladder

- Direct visualization of a fistulous tract

Others: bowel obstruction, hepatic abscess and inferior mesenteric

vein thrombosis

o DPatients with abscesses <3 cm: manage conservatively, and those with
abscesses >3 cm: benefit from percutaneous drainage with referral for sur-
gical follow-up.

e Prior to catheter removal, a tube injection with iodinated contrast per-
formed under fluoroscopy is recommended to exclude communication
with the colon. Even in cases where communication to the colon is docu-
mented, continued percutaneous drainage can result in resolution of the
fistula without surgical intervention.

e MRI

o Sensitivity: 86-94%; Specificity: 88-92%
o Findings are similar to that of CT.

PNEUMOPERITONEUM

e Plain radiograph: An erect chest X-ray is the most sensitive for the detection
of free intraperitoneal gas.
o Sensitivity of 79%, specificity of 64%
e Diagnostic signs:

Subdiaphragmatic free gas (even 1 mL of free gas can be detected, but
the patient may have to be kept in upright position for about 10 min-
utes for the gas to rise).
Continuous diaphragm sign (seen in large amount of free subphrenic gas).
- Leaping dolphin sign, aka the diaphragm muscle slip sign (on
supine abdominal radiograph), requires large amount of free intra-
peritoneal gas, and represents the outlining of the diaphragmatic
muscle slips by free intraperitoneal gas.
- The cupola sign (on a supine chest/abdominal radiograph)
refers to gas underneath the central tendon of the diaphragm
in the midline.
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o Diagnostic signs on abdominal radiograph in supine position:

Rigler sign: gas is outlining both sides of the bowel wall, i.e. from within
the bowel lumen and outside the bowel wall due to pneumoperito-
neum, it is seen when > 1000 mL of pneumoperitoneum is present.
The telltale triangle sign or triangle sign or telltale triangle (seen in
supine, cross-table lateral or decubitus view) represents the appear-
ance of a radiolucent triangle of gas formed between three loops of
bowel or between two loops of bowel and the abdominal wall.
Football sign: seen in massive pneumoperitoneum; abdominal cavity
is outlined by gas with median umbilical ligament and falciform liga-
ment representing the sutures of the football.

The falciform ligament sign/silver sign (seen in large pneumoperito-
neum), falciform ligament is outlined with free abdominal gas.

The inverted “V” sign/lateral umbilical ligament sign (in supine posi-
tion), visualization of an inverted “V” shape in the pelvis, represents
free gas outlining the lateral umbilical ligaments.

The urachus sign, free abdominal gas outlines the median umbilical
ligament.

The fissure for ligamentum teres sign or extrahepatic ligamentum teres
sign: free abdominal gas outline the ligaments teres.

The lucent liver sign represent reduction of hepatic radiodensity due to
collection of free intraperitoneal gas located anterior to the liver.

Figure 6.14 Pneumothorax and pneumoretroperitoneum. (A) Axial HRCT thorax
lung window shows air in the right pleural space (blue arrow). Coronal (B), axial
(C) and sagittal (D) abdominal computed tomography images show gas collec-
tions dissecting along the retroperitoneum in the perirenal space along the kidney,
aorta and psoas muscle suggesting perforation in retroperitoneum (orange
arrows). (E) A large collection with air-fluid level in the right paracolic gutter indicat-
ing a gas-containing abscess is suggestive of retroperitoneal abscess (green arrow).
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- The doge cap sign/Morrison pouch sign is a triangular-shaped (although
may also be crescentic or semicircular) gas lucency, bounded by the
11th rib in the right upper quadrant due to air in the Morrison pouch.

- The periportal free gas sign is strongly suggestive for upper gastrointes-
tinal tract perforation.

e Ultrasonography

e A linear-array transducer (10-12 MHz) is more sensitive than a standard
curvilinear abdominal transducer (2-5 MHz).

o Sensitivity of 93%; Specificity of 64%

e Ultrasound is more sensitive than plain radiograph to diagnose
pheumoperitoneum.

o Diagnostic signs: peritoneal stripe sign is enhancement of the peritoneal
stripe either with or without long-path reverberation artifacts, which
extend into the far field. Discrete, hyperechoic foci representing gas bub-
bles are often associated with short-path reverberation artifacts, which
appear as comet tails, or if tapering, ring down artifacts. Gas may also
cluster in a manner that results in an underlying non-homogenous (or
dirty) acoustic shadow. Free intraperitoneal air moves with the patient
position. Gas gets displaced with caudal pressure on the probe above the
collection and reappears with cessation of the pressure.
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The pregnant patient

SMITA MANCHANDA, SURABHI VYAS
AND ASHISH VERMA

INTRODUCTION

The common indications for admission in the ICU setting are pregnancy-associated
life-threatening complications such as antepartum and post-partum haem-
orrhage (APH & PPH), hypertensive disorders of pregnancy (eclampsia, pre-
eclampsia and pregnancy-induced hypertension), trauma and sepsis.

Some less severe complications such as torsion of ovarian cysts and red degen-
eration of leiomyomas may also require admission.

Septic abortions, ectopic pregnancy and multiple pregnancies may occasion-
ally require ICU admission.

COMMON DISEASE ENTITIES

Post-partum haemorrhage

Post-partum haemorrhage (PPH) can occur following a normal delivery or
caesarean section and is a leading cause of maternal morbidity.

Primary (early) PPH occurs within 24 hours after delivery and are mostly
caused due to uterine atony, lower genital tract lacerations, uterine dehiscence,
retained products of conception (RPOC) and coagulation abnormalities.
Secondary (late) PPH occurs 24 hours to 12 weeks after delivery and is most
commonly caused by RPOC, infection, placental site subinvolution and
coagulopathy.

Clinical: severe bleeding may also be complicated by disseminated intravascu-
lar coagulopathy (DIC), abdominal compartment syndrome, renal failure and
adult respiratory distress syndrome.
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UTERINE ATONY

Uterine atony is the lack of uterine contraction after delivery and is one of the
most common causes of PPH. Large uterus size with heavy vaginal bleeding is
the typical presentation.

Imaging

® USG: large uterus with internal echogenic blood clots.

® CT:enlarged post-partum uterus with hematoma within. Intravenous or intra-
arterial contrast material extravasation can be seen on CECT.

PUERPERAL GENITAL HEMATOMA

Puerperal genital hematomas are relatively rare and can result from birth canal
trauma or episiotomy trauma. These can be classified as vulvovaginal, vulvar,
paravaginal and supravaginal hematomas.

Imaging

® USG: hematomas are seen as heterogenous lesions with no internal vascularity
on color Doppler imaging.

® (CT: the exact extent of a hematoma is well depicted on CT with accurate dem-
onstration of paravesical, presacral or pararectal extensions.

RETAINED PRODUCTS OF CONCEPTION (RPOC)

These are more commonly seen after termination of pregnancy than after normal
vaginal or post-caesarean deliveries. RPOC is the most common cause of second-
ary PPH presenting as pelvic pain and bleeding. It refers to intrauterine tissue of
trophoblastic origin developing after conception/pregnancy and persisting after
delivery or termination.

Imaging
In situations where imaging suggests RPOC (Figure 7.1), a careful evaluation of

the clinical details, serum p-hCG levels is essential in the differentiation of RPOC
from uterine AVM and gestational trophoblastic neoplasia.

® USG: reveals an echogenic mass within the endometrial cavity with various
degrees of vascularity on color Doppler US. The flow is high velocity and low-
resistance flow.

® MRI: reveals an endometrial polypoidal mass with heterogeneous signal
intensity on T1- and T2-weighted images. Contrast enhancement can be vari-
able depending on the vascularity of the RPOCs.

UTERINE ARTERY PSEUDOANEURYSM

The incidence of uterine artery pseudoaneurysm is low (approximately 3% of
severe PPHs), and it is a potentially life-threatening condition. Pseudoaneurysms
usually result from laceration or injury of the arterial wall associated with sur-
gical procedures such as caesarean delivery, and dilatation and curettage result
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Figure 7.1 Highly vascular retained products of conception (RPOC). A 32-year-
old female presented with excessive bleeding post-dilatation and curettage
(D&C) 1 month prior (Beta-hCG level 50 mLU/mL). (A) TVS shows a heteroge-
neously hyperechoic focal lesion with anechoic spaces in the endometrial cavity
and myometrium of uterine fundus (arrow). (B) Color Doppler image shows high
vascularity within the lesion, with low-resistance arterial flow in the anechoic
spaces (arrow). (C) Axial T2-weighted MRI image shows focal distension of left
supero-lateral endometrial cavity (arrow), with heterogenous content and flow
voids within (*), associated with the obliteration of junctional zone and thinning
of the myometrium. (D) Coronal T2-weighted MRI image shows multiple flow
voids within the lesion (*).

in uterine artery pseudoaneurysms. During vaginal delivery, injury may be to
the vaginal artery or obturator artery, whereas in caesarean delivery it usually
involves the uterine artery.

Imaging

® USG: pseudoaneurysm is typically seen as an anechoic or hypoechoic intra-
uterine lesion with intense vascularity on color Doppler US (Figure 7.2).
Spectral Doppler USG reveals turbulent, bidirectional systolic and diastolic
flow with aliasing.
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e CT: CT angiography shows the arterial pseudoaneurysm with anatomical
delineation (Figure 7.2).

® MRI: pseudoaneurysm is seen as a flow void on T2-weighted images with
intense post-contrast enhancement on gadolinium-enhanced T1-weighted
images. Pre-gadolinium T1-weighted images may reveal a hyperintense

Figure 7.2 Uterine artery pseudoaneurysm. A 20-year-old female with excessive
bleeding post-dilatation and curettage for incomplete abortion. (A) TVS shows
anechoic lacuna in subendometrial location (arrow). (B) On color Doppler evalu-
ation, there was intense to-and-fro flow. (C) CT angiography revealed hypertro-
phied left uterine artery and rounded pseudoaneurysm (arrow).
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hematoma surrounding the lesion. Dilatation and curettage is contraindi-
cated in these cases, and transcatheter arterial embolization is the treatment
of choice for uterine artery pseudoaneurysm.

UTERINE ARTERIOVENOUS MALFORMATIONS (AVMs)

These can be congenital or acquired. Congenital AVMs present as women of
childbearing age with spontaneous abortions. Acquired AVMs present as exces-
sive bleeding (continuous or intermittent) in women with a predisposing cause
such as post-dilatation and curettage, uterine surgery, or infection. The p-hCG
levels are negative in these cases.

Imaging

® USG: USG reveals multiple tubular, anechoic or hypoechoic areas within the
myometrium, which show intensely vascular, multidirectional high-velocity
flow and a mosaic pattern of color signal. There is evidence of low-resistance
flow with low pulsatility of the arterial waveform, and pulsatile high-velocity
venous waveform (Figure 7.3).

® CT/MRI: Cross-sectional imaging reveals a vascular lesion with myometrial
involvement. Early venous return is noted at CECT and multiple flow voids
within the mass on MRL

® DSA: There is evidence of a tortuous, hypertrophic arterial mass with large
accessory feeding vessels, bilateral hypertrophy of uterine arteries and early
drainage into enlarged hypertrophic veins. Uterine artery embolization is used
for treating the AVMs and also when the vascular malformations are a part of
RPOC. UAE is considered if the PSV of the lesion is high (= 60-70 cm/s).

Puerperal sepsis

Puerperal sepsis is a leading cause of maternal mortality responsible for approxi-
mately 15% of all maternal deaths.

Puerperal sepsis was defined by the WHO (in 1992) as an infection of the geni-
tal tract which can occur at any time between the rupture of membranes (ROM)
or labour and the 42nd day post-partum with two or more of the following symp-
toms: pelvic pain, abnormal vaginal discharge, fever and delay in the reduction
of the size of the uterus.

® Clinical: the signs and symptoms of sepsis can be obscured by the physiologi-
cal changes of pregnancy and puerperium. A high level of clinical suspicion
is needed for an early diagnosis and prompt treatment. The common clinical
manifestations include fever with chills or rigours, diarrhea or vomiting, rash,
abdominal/pelvic pain and tenderness, offensive vaginal discharge, produc-
tive cough, urinary symptoms, breast engorgement/redness, wound infection,
delay in uterine involution, heavy lochia, non-specific signs such as lethargy
and reduced appetite.

® [maging: puerperal sepsis is a clinical diagnosis with imaging having only a
supportive role to play. Imaging is targeted at the suspected site of clinical



144 Imaging in critical care medicine

Figure 7.3 Uterine arteriovenous malformation. A 30-year-old female with
excessive bleeding post-dilatation and curettage for spontaneous abortion.
(A) Color Doppler image shows a mosaic pattern of color signal (arrow) within an
ill-defined lesion in the endometrial cavity and anterior myometrium. (B) Spectral
analysis of the color flow shows pulsatile high-velocity venous waveform.
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evaluation. For example, ultrasound breast for evaluation of suspected mastitis/
breast abscess, ultrasound abdomen for scar-related complications, collec-
tions, cystitis and pyelonephritis. Further cross-sectional imaging may be
done in the form of CT or MRI as required.

USG breast: inflammatory changes in the form of an ill-defined hypoechoic
area with peripheral hyperechogenecity may represent mastitis. Breast abscess
is seen as a multilocular hypoechoic collection with peripheral vascularity
(Figure 7.4). There is no internal vascularity, and the lesion displays through
transmission.

In cases of cystitis, USG of the bladder reveals internal mobile debris

within the bladder lumen, and the bladder wall thickness may be increased

(Figure 7.5). Focal, hypoechoic areas with reduced areas of cortical vascu-

larity and internal echoes within the pelvicalyceal system are suggestive of

acute pyelonephritis.

Scar-related complications: scar rupture (usually with a previous history of

lower caesarean segment scar) is characterized by separation of all layers

of the uterine wall, including the membrane, decidua, myometrium and
serosa. There is thus direct communication between the uterine cavity and
the peritoneal cavity.

- CECT reveals focal disruption of the uterine wall, broad ligament
hematoma and hemoperitoneum. Hypoattenuating fluid with or with-
out air bubbles may be seen in the endometrial cavity and the scar site
with extrauterine extension. Scar dehiscence may be seen as a focal
disruption of the uterine myometrium. There is an ill-defined hypoat-
tenuating lesion within the densely enhancing myometrium, but the
serosal margin is intact (Figure 7.6).

- MR, with its inherent superior contrast resolution, is the ideal imag-
ing modality to differentiate between scar dehiscence and scar rupture.

Adnexal torsion during pregnancy

Adnexal torsion during pregnancy is a gynecological emergency. It is very rare,
with a reported incidence of 0.2-3%. It refers to a partial or complete rotation of
the adnexa around the ligamentous supports.

Clinical: usually seen in the first and early second trimesters and presents as
acute abdomen. Torsion may be of the ovary or any pre-existing lesion such as
a dermoid cyst.

Imaging:

USG: enlarged, hypoechoic ovary with follicles situated in the periphery

is characteristic. Twisting of the vascular pedicle along with thickened

pedicle is commonly identified.

- Color Doppler evaluation can depict the internal color flow within the
torted ovary.
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Figure 7.4 Mastitis/breast abscess. (A) USG breast reveals ill-defined areas of
altered echotexture with hyperechogenicity (*) and tracking abscess (arrow).
(B) USG in another patient shows a lobulated cystic lesion with mobile inter-
nal echoes (*). Aspiration revealed purulent material suggestive of infected
galactocele.
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Figure 7.5 Cystitis. Axial USG image reveals mobile internal debris in the urinary
bladder (arrow).

Red degeneration of leiomyoma

Degeneration of leiomyomas (hyaline, cystic, red or calcific) is common. However,
during pregnancy, red or carneous degeneration is the most common form of
degeneration. It is a type of hemorrhagic infarction of the lelomyoma and occurs
secondary to venous thrombosis in periphery of the tumour.
e (linical: the patient may present in emergency with varying degrees of abdom-
inal pain, along with systemic symptoms such as fever and leukocytosis.
® [maging
e USG: enlargement of the leiomyoma with heterogenous appearance is seen.
e MRI: the peripheral high-T1 signal-intensity rim is very characteristic, and
T2 signal intensity is variable with or without a low-signal-intensity rim.

First trimester complications

e Ectopic Pregnancy
Implantation of a fertilized ovum outside the endometrial cavity of the uterusis
known as ectopic pregnancy. Ectopic pregnancies are seen in about 1.4% of all
pregnancies and are responsible for 15% of pregnancy-related deaths. Rupture
of an ectopic pregnancy is potentially life-threatening. It results in irregular,
crenated margins of the lesion, pelvic hematoma and hemoperitoneum.
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Figure 7.6 Scar dehiscence. Axial (A) CECT reveal focal thinning and discontinuity
in the anterior myometrium (arrow) at the lower uterine segment with ascites (*).
(B) Delayed CECT image shows the serosa to be intact (arrow).



The pregnant patient 149

e Clinical: a triad of abdominal or pelvic pain, vaginal bleeding, along with
an adnexal mass is the classical presentation. Symptoms can also be non-
specific including amenorrhea, adnexal tenderness, cervical motion ten-
derness and vague pain abdomen. A raised f-hCG level is seen in ectopic
pregnancies, but normal levels do not rule out a chronic ectopic preg-
nancy. The ectopic pregnancy can be tubal, interstitial, cervical or ovarian
in location.

o Imaging: transvaginal USG is the investigation of choice. A complex
adnexal mass is seen separate from the ovary. The adnexal lesion can be a
cyst with internal yolk sac and embryo and a thick hyperechoic ring sur-
rounding the extrauterine gestational sac (Figure 7.7). Peripheral hyper-
vascularity of the hyperechoic ring is known as the “ring of fire sign” and
represents high-velocity, low-impedance flow surrounding the pregnancy.
Probe tenderness can also be elicited during the transvaginal examination.

e Ovarian hyperstimulation syndrome (OHSS)

OHSS is a rare but occasionally life-threatening complication of infertility
treatment. OHSS is characterized by cystic enlargement of bilateral ovaries
and a fluid shift from the intravascular compartment to the third space due to
ovarian neoangiogenesis and increased capillary permeability. Spontaneous
OHSS occurs because of non-iatrogenic ovarian stimulation in spontaneous
cycles and is seen in cases of gestational trophoblastic tumour, pituitary ade-
nomas, hypothyroidism and f-hCG-secreting tumours.

e Clinical: abdominal pain, decreased urine output, bloating, nausea, vomit-
ing, diarrhea, dyspnea and pedaledema are typically seen. OHSS is clas-
sified according to the Modified Golan classification into three categories
and five grades.

- Mild OHSS includes abdominal distention and discomfort (grade 1)
and nausea, vomiting and/or diarrhea with ovarian enlargement from
5 to 12cm along with grade 1 disease (grade 2).

- Moderate OHSS includes mild OHSS plus USG evidence of asci-
tes (grade 3).

- Severe OHSS is characterized by the features of moderate
OHSS plus clinical evidence of ascites and/or hydrothorax and
breathing difficulties (grade 4). Grade 5 disease includes the
changes of grade 4 diseases along with a change in the blood
volume, increased blood viscosity due to haemoconcentration,
coagulation abnormalities and diminished renal perfusion and
function.

e Imaging
- USG (Figure 7.8): there is bilateral symmetric enlargement of ovaries

(often >12 c¢m in size), with multiple cysts of varying sizes (classic
spoke-wheel appearance). The presence of ascites and pleural along
with pericardial effusion are worse prognostic indicators.

- CT/MRI: Enlarged ovaries with bilateral cysts and ascites along with
pleural and pericardial effusion are noted.
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Figure 7.7. Ectopic pregnancy. (A) TVS image reveals a complex echogenic
mass (*) in the left adnexa adjacent to the left ovary (LO). An internal gesta-
tional sac-like structure (arrow) is present. (B) Moderate hemoperitoneum was
also seen (*).

CONCLUSION

Ultrasonography is the imaging modality of choice, especially for bedside evalu-
ation in an emergency setting. The imaging findings need to be interpreted with
the laboratory findings in an appropriate clinical scenario.
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6.20cm

Figure 7.8 Ovarian Hyperstimulation Syndrome (OHSS). A 31-year-old female
on ovulation induction therapy presented with acute pain abdomen, nausea and
vomiting. (A, B) TVS dual mode shows enlarged bilateral ovaries with multiple

cysts of varying sizes.
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Figure 7.8 (Continued) (C) Free fluid (arrow) is noted in the right iliac fossa.
(D) Mild left pleural effusion (arrow) is also noted.
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IMAGING MODALITIES AND TECHNICAL
CONSIDERATIONS

Emphasis is placed on using the modalities with low or no radiation.
X-ray and fluoroscopy, including barium studies, intravenous urography, ure-
thrography (retrograde or micturating urethrography), digital subtraction
angiography and CT scans, use ionizing radiation. MRI and ultrasound utilize
no ionizing radiation.

Adverse effects of radiation include dose-independent (stochastic) effects such

as carcinogenesis, genetic effects as well as dose-dependent effects such as cat-

aracts, skin/hair changes, diarrhea and sterility.

Image Gently Campaign: a global campaign for optimizing the radia-

tion parameters and using dedicated pediatric imaging protocols (CT and

fluoroscopy).

ALARA (As Low As Reasonably Achievable) concept is central to the practice

of pediatric radiology.

Principles of dose reduction

o Justification: it is the clinician’s responsibility to ensure that the exami-
nation (utilizing radiation) is actually indicated and justified. ACR
Appropriateness Criteria and Practice Guidelines should be followed.

o Optimization: the clinician and radiologist should be aware about the
child’s radiation history, should adjust CT parameters according to child
size, region/organ scanned and indication (e.g. low-dose head CT proto-
col). Multiphasic scans (e.g. NCCT, arterial/portal/venous phase) should
be avoided unless absolutely necessary. Radiation dose of each scan should
be recorded (CT dose should be recorded as dose length product [DLP]).
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e Dose limitation: the total dose to any individual should not exceed the
appropriate limits.

X-ray

Chest X-ray is the most commonly used imaging exam in pediatric imaging of
pneumonia, airway disease, birth abnormalities, trauma and swallowed for-
eign bodies.

Abdominal X-ray is often the first exam used to evaluate the source of acute
pain in the abdominal region such as kidney stones, intestinal obstruction or
perforation and swallowed foreign objects.

Bone X-rays are used to diagnose fractures, infection and bone tumors.
Fluoroscopy uses continuous X-rays to see internal organs in motion, especially
used in gastrointestinal dye (barium studies) to diagnose tracheoesophageal
fistula, bowel obstruction in infants due to congenital causes, Hirschsprung
disease, malrotation etc.

Intravenous urography: serial X-ray of kidneys after giving iodinated IV con-
trast to demonstrate stones, strictures in pelvicalyceal system, ureters and uri-
nary bladder.

Retrograde (RGU) and micturating urethrography (MCU): direct adminis-
tration of iodinated contrast into the urethra and urinary bladder to dem-
onstrate anterior and posterior urethral stricture/injury or vescicoureteric
reflux.

Technical aspects should be discussed with the radiologist/radiography techni-

cians to optimize and use the lowest radiation dose possible while producing
the best images for evaluation.

e Reduce field size: avoid long bones while taking abdominal/chest radio-
graph as it contains red marrow.

e Optimize collimation, especially in infants and young children.
Collimation reduces the volume of tissue irradiated and decreases patient
exposure but requires a radiographer’s dedication and awareness.

e Use highest possible KV, at least 60 KV for head, body and trunk.

o Shielding of gonads is necessary.

Computed tomography

Chest CT (Table 8.1): use low-dose 25-75 mA for lung window, 50-75 mA for
mediastinal (67% dose reduction compared to conventional 240 MA). HRCT:
use low-dose technique, <100 mA (preferably 40 mA). Interslice spacing can
be varied depending on the pathology suspected. Discuss the need for reduc-
tion of dose with CT technician. Record the radiation dose received (Unit:
dose length product).

Brain CT: use 125-150 mA instead of 250 mA. In neonates, 30% of marrow is
in skull, hence marrow-absorbed dose in a child < 6 years is higher than chest/
abdomen CT.
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Table 8.1 Suggested Tube Current for Chest and Abdominal CT for Children of
Different Age Groups

Weight (kg) Chest (mA) Abdomen (mA)
5-9 40 60
9-18 50 70
18-27 60 80
27-36 70 100
36-45 80 120
Ultrasound

® Point-of-care ultrasound (POCUYS), i.e. bedside ultrasound, has become an
essential tool for clinical practice in recent years, especially in the ICU setting.
o It can be performed quickly and at the bedside (so that patients need not
be moved), and it also allows serial imaging.
e Although mainly practiced by radiologists, it has been decades since ultra-
sonography became an indispensable technique in intensive care training.
o Table 8.2 summarizes the indications and findings of POCUS in pediatric
care.

CHEST AND AIRWAYS

Imaging modalities

X-ray neck: in patients with inspiratory stridor/suspected upper respiratory
disease, soft tissue neck X-ray. Standard soft tissue neck radiographic views
consist of both an anteroposterior (AP) view and a lateral view with extended
neck. An additional expiratory lateral view of the neck subsequently may be
obtained for assessment of subglottic stenosis.

Chest radiography: AP view should be done in infants and young children
(<5 years). In older children, PA views to be done (lateral view if required).

ULTRASOUND

® To characterize a peripheral lung opacity (parenchymal versus pleural disease)
® To characterize pleural fluid (simple or complex)

e To diagnose pneumothorax

e To provide ultrasound-guided drainage, biopsy

COMPUTED TOMOGRAPHY

® Non-CCT study is performed mainly to assess a fixed airway narrowing or
stenosis.



Table 8.2 Indications and Findings of POCUS in Pediatric Care

Clinical Indication Diagnosis
Hemodynamic

assessment

Hypovolemic shock
Compromised LV systolic function
Pericardium

Respiratory Pleural effusion

assessment
Consolidation
Pneumothorax
Abdominal Trauma
assessment (eFAST: extended focused abdominal

sonography in trauma)
Acute abdomen

Musculoskeletal
assessment

Pyomyositis/septic arthritis
Image-guided Vascular access
procedures

Guided drainage

Findings

Small IVC diameter that collapses with inspiration, small cardiac
chambers

Enlarged left ventricle, decreased overall systolic motion of LV,
dilated IVC with reduced respiratory changes

Effusion

Compression of heart chambers

Anechoic (dark) fluid, quantification and guided drainage

Lung parenchyma appearing similar to liver (hepatization)

Absence of lung (air) sliding with respiration

Hemoperitoneum (abdominal fluid)

Hemopericardium (fluid around heart)

Hemopneumothorax (pleural fluid)

Detection of abdominal collections, liver abscess, biliary
pathology, appendicitis, pelvic pathologies, hydronephrosis
intestinal obstruction

Muscular or joint collections.

Central venous catheters, Peripherally inserted central catheters
(PICC)

Abdominal collections/abscess, liver abscess, pleural collections/
effusion

LSL BuiBew ouielpay
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® Paired inspiratory and expiratory CT study: for the dynamic evaluation of large
airway in tracheobronchomalacia.

e Contrast-enhanced CT chest: to evaluate the lungs, mediastinum and chest wall
abnormalities. Volumetric multidetector CT acquisition in most of the modern-
day scanners can generate reconstructed HRCT (high-resolution CT) images,
which obviates the use of traditional axial HRCT acquisition in pediatric patients.

e CT angiography: mainly used in vascular pathologies, congenital heart
diseases.

What are the indications of imaging and appropriate imaging modality for
suspected pneumonia in a child?

In suspected uncomplicated, community-acquired pneumonia in a well-appearing
child who does not require hospitalization, imaging is not required.

® Chest X-ray

To document the presence, size and character of parenchymal infiltrates
as well as to identify complications of pneumonia in children who do not
respond to initial outpatient treatment or require hospital admission.
In pyrexia of unknown origin with clinical evidence of a respiratory ill-
ness and for those with fever >102°F or WBC count >20,000/mm?.

In suspected hospital-acquired pneumonia: new or progressive lung opac-
ity support the diagnosis of hospital-acquired pneumonia.

e Ultrasound: suspected moderate or large effusion suggested by chest radio-
graph, should be performed for characterization, quantification and drainage,
if required.

e Contrast-enhanced CT

Suspected bronchopleural fistula, to demonstrate the fistula as well as
underlying causes such as necrotizing pneumonia, pulmonary abscess
and empyema.

In suspected lung abscess, to diagnose and distinguish between lung
abscess and empyema.

In recurrent localized pneumonia by chest radiograph (persistent opac-
ity), to look for underlying conditions such as congenital lobar over-
inflation, foreign bodies, congenital pulmonary airway malformation,
sequestration.

In children with neutropenia, especially those after bone marrow trans-
plant with persistent fever despite the administration of antibiotics,
CECT of the chest should be considered even if the chest radiograph is
negative.

In suspected tuberculosis, chest radiography should be done as the initial
test. Lobar pneumonia with associated hilar and/or mediastinal adenopa-
thy or cavitary air space disease is suggestive of TB. Those with equivocal
finding should undergo CECT.
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e Non-contrast CT (NCCT): In recurrent non-localized pneumonia by chest
radiograph, to look for post-infectious bronchiectasis, broncho-pulmonary
dysplasia and findings such as bullae or bronchiectasis.

Imaging appearances of various pneumonia (Figure 8.1)

Viral Infection

e Viral bronchiolitis: bilateral interstitial opacities with peribronchial thicken-
ing and hyperinflation

e RSV infection: lungs are often quite clear, or focal areas of superimposed
atelectasis

e Influenza infection: nonspecific prominence of peribronchial markings and
hyperinflation

e Adenovirus: bronchial wall thickening, peribronchiolar densities, air trap-
ping, and patchy or confluent consolidations. Adenopathy is more common.

Bacterial/Fungal Infection
e Streptococcus pneumonia: lobar/sublobar consolidation, rounded opacity

e Staphylococcus aureus: lobular or bronchopneumonia, pneumatoceles, pleural
effusion and empyema

g—

Figure 8.1 (A) Chest radiograph showing extensive bilateral reticular opacities
(arrow) s/o viral pneumonia. (B) Sublobar consolidation in case of pneumonia in
right upper zone (arrow). (C) Extensive right-sided consolidation with pneuma-
tocele (black arrow), suggesting Staphylococcus aureus infection. (D) CT show-
ing bilateral tree in bud centrilobular nodules (arrow) in tubercular infection.
(E) Lobar consolidation (curved white arrow) with bilateral pleural effusion
(curved black arrow). (F) Cavitatory lesion in case of fungal infection (black arrow).
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® Pertussis: opacities surrounding heart contour (shaggy heart appearance)

e Pseudomonas: extensive bilateral parenchymal consolidation, patchy areas of
disease with small abscess formation, or small regions of lobular emphysema

® Anaerobic organisms: lung abscess and necrotizing pneumonia

e TB: hilar and peritracheal lymphadenopathy, consolidations, cavitations, cen-
trilobular nodules (tree in bud pattern), pleural effusion/empyema

e Aspergillosis: fungal ball in pre-existing cavity, nodules with surrounding halo,
air crescent sign (air collection that partially outlines a mass-like lesion), dilated
bronchi filled with inspissated mucus often cause a homogeneous branching
opacity referred to as the finger-in-glove sign observed in ABPA (allergic bron-
chopulmonary aspergillosis).

Figure 8.2 (A) Lateral radiograph of neck showing widening of prevertebral soft
tissue (arrow), shadow suggestive of retropharyngeal abscess. (B) CT of neck shows
narrowing and loss of lateral convexity (steeple sign) below the vocal cords (arrow)
in case of croup. (C) Epiglottitis: swelling and marked enlargement of the epiglottis
(arrow, thumb sign). (D) Linear opacity in the larynx revealing foreign body.
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Child with shortness of breath

Lung infection is one of the most common causes, and chest radiograph is the
primary imaging investigation.

Epiglottitis is caused by Haemophilus influenza in preschool children. A lat-
eral radiograph reveals swelling and marked enlargement of the epiglottis that
resembles the shape of a thumb with associated thickening of the aryepiglottic
folds.

Viral croup or laryngotracheobronchitis is seen in children of 6 months to
3 years of age. Neck X-ray AP view shows narrowing and loss of lateral convex-
ity (steeple sign) below the vocal cords.

Retropharyngeal cellulitis/abscess is characterized by fever, neck stiffness and
dysphagia. On lateral X-ray of neck, increased thickness of the prevertebral
space greater than the adjacent vertebral body width below C3 and a thickness
more than half of the vertebral body width from C1 to C4 level is suggestive of
retropharyngeal abscess. CT is the preferred imaging modality to confirm the
diagnosis and demonstrate the size, extent and location of the pus collection
from a retropharyngeal abscess.

Foreign body: X-ray is useful to locate opaque foreign bodies (coins, batteries,
buttons), but most foreign bodies are not seen on X-ray. On AP radiographs,
coins in the esophagus are seen en face as rounded opacity, whereas coins in
the trachea are seen as linear opacity. In the tracheobronchial tree, aspiration
of foreign body (90% are not opaque on X-ray) can lead to unilateral hyper-
lucent lung (most useful sign), atelectasis, pneumonia, or bronchiectasis may
develop. If a foreign body is suspected clinically, an expiratory chest radio-
graph always should be obtained. In doubtful cases, CT can be done, which
has up to 100% sensitivity.

Pediatric cardiovascular disease

Cardiomegaly, pulmonary vascular prominence and signs of pulmonary
venous hypertension and edema can be observed on chest radiography.

On chest X-ray, complete evaluation should include a pedantic assessment of
heart size, shape and position; pulmonary vasculature; the airway and medi-
astinum; visceral situs; and skeletal abnormalities.

Measurement of the cardiothoracic ratio is not useful in young children, and a
lateral X-ray provides a more reliable indication of true heart size (anteropos-
terior dimension) separate from the thymus.

In older children, the frontal radiograph is more useful and cardiothoracic
ratio is useful.

Increased pulmonary vascularity: an arterial dimension greater than that of
the bronchus is suggestive of increased flow.

Decreased dulmonary vascularity seen in tetralogy of Fallot, tricuspid atresia.
Hyperinflation is a sign of congestive heart failure in infants.
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ABDOMEN

Imaging modalities

X-ray: main indication of abdominal radiographs are to identify bowel obstruc-
tion, perforation and urolithiasis. Dilated bowel loops are seen in ileus or
obstruction. Left-side-down decubitus and upright views are used for evalua-
tion of free intraperitoneal air and air-fluid levels.

Fluoroscopic studies: barium swallows (esophagrams) are indicated in detect-
ing complications of esophageal atresia repair, post-operative strictures
or acute post-operative leaks, radiolucent foreign bodies such as impacted
food. Barium meal with evaluation of the duodenum is needed to document
normal intestinal rotation. Barium/high osmolar contrast are contraindi-
cated in cases in which viscus perforation is suspected, and Omnipaque
should be used.

Sonography is the most useful modality in the evaluation of patients with GI
symptoms due to lack of ionizing radiation, lack of need for sedation and wide-
spread availability.

Computed tomography is the most sensitive modality for evaluation of solid
organ, hollow viscera and peritoneal cavity pathology. MRI is indicated in
hepatobiliary and pancreatic pathologies.

What are the imaging considerations in a child with acute abdomen?

Differential diagnosis for acute abdominal pain in children is broad and includes
infectious, inflammatory, musculoskeletal, traumatic, gynecologic and other
etiologies.

e Suspected appendicitis (right iliac fossa pain/periumbilcal pain): ultrasound
is the most appropriate modality for initial scan. Localized fluid collection in
right iliac fossa, thickened and dilated appendix loop (>6 mm) and probe ten-
derness are the usual imaging findings. An equivocal/non-diagnostic should be
followed up by CECT, which has very high sensitivity in diagnosis and detec-
tion of complications of appendicitis such as abscess, appendicular perforation.

e Suspected pancreatitis (epigastric pain)

e Incaseof raised amylase/lipase and presentation < 3 days of onset of symp-
toms, CT will offer no diagnostic advantage, and an ultrasound should be
performed to look for gallstones/dilated CBD.

e In cases of equivocal amylase/lipase values, CECT should be done for
diagnosis. Alternatively, non-contrast MRI of upper abdomen and
MRCP can be performed, which gives additional benefit of diagnosing
biliary stones.

o In critically ill patients, > 3 days of presentation (high clinical scores),
CECT should be done to grade the severity of pancreatitis.

o In patients with persistent SIRS, at 7-21 days of symptoms CECT should
be done/repeated to look for collections and guide drainage procedures.
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o Longer than 4 weeks, CECT is indicated in cases of significant deteriora-
tion in clinical status.

e Suspected bowel obstruction

e Abdominal radiography is the starting point for the imaging evaluation of
suspected obstruction. Dilated small-bowel loops with air-fluid levels and
paucity of gas in the colon suggest small bowel obstruction (SBO).

e US is useful in evaluating intussusception, midgut volvulus and other
causes of SBO.

e CECT abdomen without oral contrast is the modality of choice to identify
the level and cause of acute bowel obstruction. In low-grade/intermittent
obstruction, oral contrast can be given.

e One of the common causes of bowel obstruction in children is intussus-
ception (ileocolic). On abdominal radiograph, absence of colonic gas in
the ascending colon and curvilinear abrupt end of colon (crescent sign)
are suggestive signs of intussusception. Ultrasound is highly sensitive in
diagnosis of intussusception and identification of lead point.

e Suspected hepatobiliary disease (right upper quadrant pain)

e Ultrasound (US) is the first choice of investigation for biliary symptoms
and can effectively show gallstones, gall bladder wall thickening or edema,
pericholecystic fluid) (cholecystitis), dilatation of intrahepatic and extra-
hepatic bile ducts (extrahepatic biliary duct obstruction). US can also
identify hepatic pathologies such as liver abscesses, hepatomegaly, liver
hydatid cyst, etc.

e MR cholangiopancreaticography (MRCP) with upper abdominal MRI
should be performed for detection of distal CBD stones if the proximal
CBD is dilated and distal CBD is not visualized on US.

e CECT/MRI can be used for characterizing hepatic lesions, if there is con-
fusion between abscess and hepatic neoplasm.

e Suspected urolithiasis (acute flank pain)

e A combination of US and abdominal radiograph are the best initial
modalities to detect renal/ureteric calculi. US can detect renal calculus
and hydroureteronephrosis (uretric obstruction) with high sensitivity. US
can also identify other differentials such as acute pyelonephritis.

e Low-dose NCCT (reduced tube current, low kvp) has the highest sensitivity
for detection of urolithiasis and should be performed in equivocal cases.

ROLE OF IMAGING IN URINARY TRACT INFECTION

® In children < 6 years, US (for pyelonephritis/renal scars) with voiding cysto-
urethrography (VCUG), also called micturating cystourethrography (MCU),
should be performed to diagnose vesico-ureteric reflux.

® In children > 6 years, no imaging is usually required, however US can be per-
formed to look for pyelonephritis (50% sensitivity). CECT is highly sensitive in
detecting acute pyelonephritis.
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Figure 8.3 (A) Liver abscess. Ultrasound showing a hypoechoic lesion in the right
lobe of liver (arrow). (B) Multiple air-fluid levels in the abdominal radiograph of
an infant (black arrow) sugeestive of intestinal obstruction. (C) Renal calculus.
Ultrasound of kidney showing a hyperechoic focus (arrow). (D) Acute pancreati-
tis. Contrast CT of abdomen showing acute necrotic fluid collection in pancreas
and peripancreatic tissue (arrow).

Imaging choices in abdominal trauma

e US (eFAST) should be done to detect free fluid (hemoperitoneum), hemotho-
rax and hemopericardium.

e Multiphase CT scanning is not necessary in children who have sustained blunt
trauma. Solid organ (liver, spleen, renal) injury can be detected on CECT.

e The best indicator of pancreatic injury at CT is unexplained peripancreatic
fluid. The most frequent CT finding associated with bowel rupture and mes-
enteric injury is unexplained peritoneal fluid. Pneumoperitoneum is a definite
sign of bowel injury.

® In cases of suspected urinary bladder, ureter, renal pelvic injury, such as those
with pelvic fractures, delayed urographic phase (CT urography) should be
done.
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BONE

Suspected physical abuse

The appropriate imaging depends upon the age, neurological and evidence of
visceral thoracic or abdominopelvic injuries.

A skeletal survey should be performed in a child < 2 years. In a child > 2 years,
target radiograph should be obtained with imaging to the areas of suspected
injury, if the child is able to locate pain. A complete skeletal survey should,
however, be performed in a child who has unexplained cranial or abdominal
injuries or fractures that are suspicious for abuse.

Skeletal survey with NCCT head should be done in a child with neurologic signs,
complex skull fracture, apnea, multiple fractures, spine trauma or facial injury.
Skeletal survey with CT chest/abdomen/pelvis with IV contrast is indicated if
there are signs of intrathoracic or intra-abdominal visceral injury (abdominal
pain/distension/bruising, abnormal liver or pancreatic enzymes).

In children < 2 years with a high clinical suspicion for abuse and a negative
initial skeletal survey, a repeat limited/focused skeletal survey should be per-
formed 2 weeks later.

A complete skeletal survey includes: anteroposterior (AP) and lateral skull;
lateral spine; AP chest; AP pelvis; AP of each femur; AP of each leg; AP of each
humerus; AP of each forearm; posteroanterior of each hand; AP of each foot.
High specificity finding to diagnose non-accidental injury are classic metaphyseal
lesions (corner/bucket-handle fracture), posterior rib fracture, scapular fracture,
sternal fracture, spinous process fracture, first rib fracture. Moderate specificity
findings are presence of multiple fractures or fractures of differing age, spine frac-
ture, complex skull fracture, physeal fractures of the long bones, digit fractures.

Figure 8.4 Lateral skull radiograph showing a depressed fracture (arrow) in
frontal bone in a neonate with non-accidental trauma.
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Suspected osteomyelitis or septic arthritis

Radiography of the area of interest should be performed as an initial imag-
ing. The earliest change on radiographs is soft tissue swelling, and the earliest
bone changes are one or more small radiolucencies, usually in the metaphyseal
region with or without periosteal thickening.

MRI (modality of choice for osteomyelitis) should be performed as next imag-
ing. T2 hyperintense area of edema can be seen in metaphysis, and eventu-
ally subperiosteal fluid and adjacent soft tissue involvement can be seen. In
tubercular osteomyelitis, initial preservation of joint space, early epiphyseal/
diaphyseal involvement occur with unaffected metaphysis.

Ultrasound and guided joint fluid aspiration should be done in a child with
clinical signs of septic arthritis with normal initial radiographs. Pyomyositis
can be identified with US.

NEUROIMAGING

Headache in a child

Primary headache (migraine or tension headache): imaging is not required.
Secondary headache: MRI is indicated.

Sudden severe headache: non-contrast CT should be done to look for subarach-
noid hemorrhage. CT angiography should be performed if SAH is present, to
rule out aneurysm, arteriovenous malformations.

Suspected brain infection: MRI head with contrast.

For suspected venous sinus thrombosis: MRI with MR venography.

Figure 8.5 Tubercular arthritis of right hip. (A) X-ray pelvis with both hips show-
ing ill-defined lytic lesion (arrow) in right proximal femoral metaphysis, (B) MRI
fat-supressed T2-weighted coronal image showing significant joint effusion
(arrow).
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Blunt head trauma (PECARN criteria)

Child below 2 years of age with normal mental status, no scalp hematoma/
palpable skull fracture, no loss of consciousness or loss of consciousness less
than 5 seconds, and acting normally according to parents, no severe headache:
imaging not required.

Non-contrast CT is the modality of choice for acute/sub-acute clinically sig-
nificant trauma.

Chronic blunt head trauma with new or progressive cognitive or neurologic
deficits: MRI should be done.

Spinal trauma (PECARN and NEXUS criteria)

Cervical Injury

Low-risk cases needs no imaging. It includes absence of posterior midline cer-
vical spine tenderness, intoxication, torticollis, substantial torso injury, focal
neurological deficit, normal level of consciousness and high-risk motor vehicle
crash.

Presence of at least one of the risk factors mandates the use of radiographs of
cervical spine with lateral and AP views.

In children < 3 years, Pieretti-Vanmarcke weighted score > 2-8 points, radio-
graphs are indicated. This score was a combination of Glasgow Coma Score,
Glasgow Coma Score of eye, motor vehicle crash mechanism and age.
Traumatic spondylolisthesis at C2 or dens fractures are associated with verte-
bral artery injury and require CT angiography.

Acute Thoracolumbar Spine Trauma

Radiographs to be done in all cases. NCCT/MRI may be done as a follow-up in
case of abnormal radiographs.
MRI without IV contrast has become the modality of choice.

Seizures

In children with simple febrile seizure, imaging is not indicated. In complex
febrile seizures, focal seizures, primary generalized seizures, children with
intractable seizures or refractory epilepsy, MRI is usually the appropriate
modality of imaging.

The MRI epilepsy protocol should include volumetric T1-weighted imaging,
T2-weighted imaging, FLAIR axial and coronal, volumetric gradient echo
T1-weighted acquisitions.

Epileptogenic lesions include malformations of cortical development, develop-
mental tumors, anoxic-ischemic injuries, prior cerebrovascular disease (lead-
ing or focal gliosis), neurocutaneous syndromes and Rasmussen encephalitis.
FLAIR coronal and coronal volumetric T1 should be evaluated to look for increased
signal and atrophy of hippocampus to identify mesial temporal sclerosis.
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Figure 8.6 T2 hyperintese mass involving cortex of right temporal lobe sugges-
tive of ganglioneuronal tumor.

e Tumors that can cause epilepsy are ganglioglioma, DNET (dysembryoplas-
tic neuroepithelial tumor), pleomorphic xanthoastrocytoma, hypothalamic
hamartoma.

Stroke

e NCCT head should be done in a child with clinical presentation suggestive
of acute stroke. Alternatively, MRI with diffusion-weighted sequence can be
performed if it is available timely.

® A child suspected of arteriopathy (e.g. Moyamoya disease, sickle cell disease,
arterial dissection, vasculitis etc.) should undergo MRI with MR angiography.
In children with combined features of vasculitis and hydrocephalus, tubercu-
lar vasculitis should be suspected and contrast-enhanced T1 sequence should
be obtained. Moyamoya disease manifests as stenosis of terminal internal
carotid arteries with collateral formation leading to a classic “puff-of-smoke”
appearance on angiography.
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Figure 8.7 (A) Diffusion-weighted image (b1000) showing bright signal (diffusion
restriction in bilateral caudate nucleus and right lentiform nucleus (arrows), sug-
gesting acute infarcts. (B) Contrast-enhanced T1 image of same patient showing
enhancing exudate in basal cisterns (arrow), suggesting tubercular meningitis.
(C) Moya-Moya disease. MR angiography image showing narrowing of bilateral
terminal internal carotid artery and collateral channels (arrow) around circle of
Willis (arrows).

e In cases of nontraumatic intraparenchymal hemorrhage (hematoma) found
on CT or MRI, a CT angiography or MR angiography should be performed to
look for Arteriovenous malformation, aneurysm. In nontraumatic subarach-
noid hemorrhage, NCCT followed by CT angiography should be done.

e For known or suspected high-flow abnormality (arteriovenous malformation
or fistula), MRI is the preferred initial modality. MR angiography/CT angi-
ography should be done to delineate the arterial feeders or draining vein. For
low-flow anomaly such as cavernoma MRI, susceptibility weighted sequence
(SWT) is recommended. MR/CT angiography is not recommended.

e For suspected cortical/dural venous thrombosis, MRI with MR venography
is the preferred modality. MR/CT venography shows empty delta sign (filling
defects within the sinuses).

Hydrocephalus

e Enlarged ventricles associated with increased intracranial pressure is hydro-
cephalus which is caused by infections, intraventricular hemorrhage, con-
genital anomalies such as aquaductal stenosis, venous thrombosis or tumors.
Other causes of enlarged ventricles are ex-vaccuo enlargement of the ventricles
as a result of volume loss.

e CT or MRI are used to assess ventricular size. Ultrasound of the head is used
as the initial study in infants with macrocephaly.

e The most reliable sign of hydrocephalus is enlargement of the anterior and
posterior recesses of the third ventricle. Other signs are proportionate dila-
tion of the temporal horn along with the lateral ventricles, narrowing of
the ventricular angle, widening of the frontal horn radius, periventricular
edema.
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Figure 8.8 Hydrocephalus. (A) Contrast-enhanced axial T1 images showing
dilated bilateral lateral ventricles. (B) Dilated temporal horns (white arrow) along
with enhancing basal exudates (black arrow) suggestive of tubercular meningitis
causing hydrocephalus.

Acute myelopathy

Magnetic resonance imaging (MRI) is the gold standard examination for the
evaluation of spinal cord pathologies.

In suspected infections of the vertebral columns (Pott’s spine), contrast-
enhanced MRI is the study of choice, which shows involvement of vertebral
body endplates and intervertebral disc subsequently extending to the vertebral
bodies and adjacent soft tissues.

In Guillain-Barré syndrome, MRI can be normal or may show thickening of
the cauda equine.

Transverse myelitis (TM) shows with increased T2 signal extending along sev-
eral vertebral segments.
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Interventional radiology (IR) provides minimally invasive image-guided pro-
cedures in critically ill patients who often can’t tolerate general anesthesia and
surgery. Image-guided IR procedures have become the increasingly preferred
standard of care in these patients with similar or improved outcomes rather than
surgical intervention.

The main goals of IR in critically ill patients are:

Drainage of fluid collections and abscesses

Insertion of therapeutic or prophylactic devices (e.g. central venous line, IVC filters)
Control of hemorrhage (e.g. transarterial embolization, stenting)

Relieve obstruction (e.g. directed thrombolysis, stenting)

e =

This chapter mainly focuses on various percutaneous image-guided drainage
procedures and different types of vascular access, with a brief description about
the various vascular interventional procedures in critically ill patients.

PERCUTANEOUS DRAINAGE OF FLUID COLLECTIONS
AND ABSCESSES

Indication of drainage

a. Characterization of fluid that helps in modification of the antibiotic therapy
accordingly
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b.

C.

Drainage for treatment of sepsis
Relief of pressure symptoms caused by collection

Why percutaneous drainage, not surgery?

Critically ill patients often cannot tolerate surgery. In fact, surgery is associated
with more morbidity and mortality in such patients. An image-guided percutane-
ous approach provides the least invasive option and is recommended in critically
ill patients (Surviving Sepsis Campaign for Management of Sepsis Guidelines).

Role of imaging

PRE-PROCEDURAL IMAGING

Assessment of site, size and extent of collection as well as consistency of content
Determining the safe route of access into the abscess/collection

USG

Easily available and less time-consuming

Real-time guidance during the drainage procedure

Possible to perform procedure at bedside in critically ill procedure due to its
portable nature

No radiation exposure

Very helpful in serial follow-up without radiation exposure

Disadvantages: poor visualization of deeper collection, anatomically difficult
locations and post-operative collections (due to presence of gaseous shadow
and anatomical alteration)

CT

Provides better anatomical delineation and usually the preferred modality in
difficult-to-access sites such as the mediastinum, lung parenchyma, retroperi-
toneum and pelvis

Preferred in obese patients, collections with air foci and complex post-operative
collections that are poorly visualized on USG

Disadvantages: radiation exposure, time-consuming, not possible to perform
bedside procedures

FLUOROSCOPY

Usually used in combination with USG in Seldinger technique
Used frequently for catheter upsizing and/or exchange

MRI

A superior modality to characterize the nature and consistency of the collection
Disadvantages: time-consuming, limited availability, need for MR-compatible
devices to perform MR-guided procedures, not possible for bedside interven-
tions, higher cost
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Pre-procedure preparation

1. Coagulation profile
e INR and total platelet count should be INR < 1.5 and > 50000/mm?
respectively.
o Elevated INR and low platelet count should be corrected by administering
fresh frozen plasma and platelet transfusions, respectively.
2. Prophylactic antibiotics required when draining abscess or potentially infected
collection.
3. Usually performed under local anesthesia with or without conscious sedation;
children and uncooperative patients may need general anesthesia.

Drainage techniques

e Seldinger technique: initially, access is obtained using a puncture needle (18-20G
Chiba needle) followed by insertion of a guidewire. A catheter is placed within
the collection after serial dilation of the tract using dilators. It is preferred in
drainage of potentially deep, small, difficult-to-access, or high-risk collection.

e Trocar technique: a catheter mounted on a sharp trocar directly inserted into the
abscess. It is better for large and superficial collections, and it is quick to perform.

FREQUENTLY ASKED QUESTIONS

Q1. Are PT/INR and total platelet counts reliable predictors of bleeding risk
in every condition?

Answer: Patients with chronic liver disease have rebalanced hemostasis and the
traditional coagulation parameters, such as PT/INR, and total platelet counts are
not reliable to predict the bleeding risk. In addition, excessive transfusion of these
blood products may increase the portal pressure and risk of bleeding, thus could
be detrimental. Thromboelastography (TEG/ROTEM/SONOCLOT) allows quick
assessment of entire coagulation cascade, unlike only a part of coagulation cas-
cade by PT/INR and total platelet counts. Thus, thromboelastography is more
reliable in predicting bleeding risk and should be used whenever available.

Q2. What should be done in case of thick, persistent collections and poor
drain output?

Answer: Catheter exchange and/or upsizing may be required. Furthermore,

instillation of fibrinolytics (t-PA, urokinase) enhances the liquefaction of debris/

septations within the collection and facilitates drainage.

Q3. When should the catheter be removed?

Answer: Catheter is removed when

1. Daily drain output < 10-15 mL

2. Resolution of clinical symptoms and laboratory parameters of sepsis
3. Resolution of collection on follow-up imaging
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THORACIC COLLECTIONS

a. Thoracocentesis
Diagnostic thoracocentesis

To differentiate between transudate and exudate
Can be performed at the bedside in a supine position under USG guidance
using a 20-22G needle

Therapeutic thoracocentesis

Indications: moderate or massive effusion causing dyspnea or chest
pain

Preferred puncture site: 6th or 7th ICS along the midaxillary line in the
supine position.

Catheter should traverse through the middle 2/3rd of the intercostal space
(to avoid injury to subcostal neurovascular bundles and irritation of the
periosteum, also to avoid post-operative pain from injury of collateral inter-
costal nerve that passes just above the superior border of the lower rib).

16G cannula or 6F catheter for single-time aspiration, 8-10F catheter for
catheter drainage.

Up to 1 litre fluid aspirated in a single setting to avoid development of re-
expansion pulmonary edema.

b. Drainage of parapneumonic effusion and empyema

Drainage required in fibrinopurulent stage of parapneumonic effusion
(pleural fluid glucose < 60mg/dl or pH <7.2) and empyema.

10-14F catheters usually suffice.

Instillation of fibrinolytics may facilitate drainage of complex multilocu-
lated collections.

Fibrinolytics are contraindicated in bronchopleural fistula.

c. Lung abscess

Indications for percutaneous drainage: (a) Large abscess with no air-fluid
levels (have high tension within); (b) no response or increase in size even
after 5-7 days of antibiotics therapy; and (c) abscess in children < 7 years
of age (do not drain spontaneously and less likely respond to antibiotics
in children).

Seldinger technique is the preferred method.

10-14 catheters usually suffice.

Abscess should be in the gravity-dependent location during percutaneous
drainage to avoid aspiration of pus into the normal lung.

Catheter should traverse through the juxtaposed abnormal pleura into the
abscess, avoiding normal lung parenchyma.

ABDOMINAL COLLECTIONS

e Shortest and safest percutaneous access route should be chosen, avoiding vital
structures.
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e Structures that may be traversed during diagnostic fine-needle fluid aspira-
tion: liver, kidney, stomach and small intestine (should be avoided as far as
possible during catheter drainage).

e Structures avoided during both fine-needle aspiration and catheter drainage:
colon, gall bladder, and pancreas.

a. Liver abscess

o Refractory and large (>5 cm) subcapsular abscesses with a high chance of
rupture need catheter drainage.

e Concomitant systemic antibiotics therapy is equally important for opti-
mal outcome.

o Catheter should traverse through a cuff of normal liver parenchyma into
the abscess to minimize the risk of catheter dislodgment and free perito-
neal spillage of purulent contents (Figure 9.1).

o Pleura, large vascular structures, gall bladder and dilated bile ducts should
not be transgressed.

Figure 9.1 (a) USG shows a large hypoechoic liver abscess in right lobe. (b)
Abscess was accessed through a rim of normal liver parenchyma (yellow arrow)
with 18G Chiba needle (red arrow) under USG guidance. (c) 10F pigtail was
placed over the Amplatz stiff guidewire. (d) Frank pus was aspirated from the
abscess.
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b. Subphrenic collection

A combination of USG and fluoroscopy is most often used.

CT guidance may be required.

Transpleural drainage may be done when no alternative safe access route
is available, and normal lung parenchyma should be protected.

c. Splenic abscess

Usually occur in cases of hematogenous dissemination of infection, local
spread from adjacent pathologies, and pre-existing splenic infarcts and
trauma.

Percutaneous drainage may be considered in liquefied unilocular or biloc-
ular collections along with broad-spectrum IV antibiotics.

Least amount of splenic parenchyma should be traversed during needle
aspiration or drainage catheter placement.

d. Pelvic abscess/collections

Collections not amenable for drainage through transabdominal route may
require transgluteal, transrectal or transvaginal approaches.

Transgluteal approach: performed under CT guidance using the Seldinger
technique; catheter placement should be as close to the sacrum as possible
and below the level of pyriformis to avoid injury to neurovascular bundles.
Transrectal and transvaginal drainage are performed using TRUS and
TVS, respectively.

e. Post-operative collections

Post-surgical periods may be complicated by fluid collections (e.g. bili-
oma) and abscesses (e.g. leakage of bowel anastomosis, post-hernia repair
abscess etc.).

USG guidance is often preferred.

Presence of air foci, post-operative ileus, anatomical alterations and
superficial stitches may hamper optimal visualization of the collections/
abscesses on USG, where CT guidance may be required.

f. Pancreatitis-related collections

Severe acute pancreatitis may lead to systemic inflammatory response syn-
drome (SIRS) and multi-organ failure, resulting in high morbidity and mortality.
Sterile collection is often managed conservatively with antibiotics and
nutritional supports, whereas infected necrotic tissue needs removal.
Indications for drainage of pancreatic fluid collections (PFCs): (1) infected
collection causing sepsis; (2) any collection causing symptoms such as
abdominal pain, GOO or biliary obstruction; (3) worsening organ failure
in the early phase of acute pancreatitis even without abdominal pain or
any clear evidence of infection.

Currently, a “step-up approach” is preferred in case of an infected necrotic
collection, which includes percutaneous drainage with vigorous irrigation
at the beginning followed by minimally invasive necrosectomy.
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o Surgical necrosectomy is often preferred at last because early surgical
intervention could result in a worse prognosis compared to delayed or no
surgery.

TECHNIQUES OF PERCUTANEOUS DRAINAGE

e CT is the imaging modality of choice to guide drainage of PFCs since collec-
tions are frequently retroperitoneal and associated with paralytic ileus.

e USG guidance may be used in case of large superficial collection.

e Fluoroscopy is often used to upgrade or exchange catheters.

e Preferred approach is to stay in the retroperitoneal compartment and to avoid
the transperitoneal approach wherever possible; the retroperitoneal route is
used later for video-assisted retroperitoneal debridement (VARD) or percuta-
neous endoscopic necrosectomy.

e Usual access routes: collections in or near pancreatic head and body through
the gastro-colic ligament, collection in relation to pancreatic tail and distal
body through the left anterior pararenal space (Figure 9.2).

e Other routes include transgastric, transhepatic and transperitoneal.

® 12-14F catheters for less viscous collections, larger catheters (14-28F) for thick
viscous collections.

Figure 9.2 (a) Axial CECT shows a large walled-off necrosis (WON) in the ante-
rior pararenal space (black arrow). (b) WON was accessed through the left para-
renal approach using 18G Chiba needle under CT guidance, and (c) 16F Malecot
catheter was placed. (d) Subsequently, a smaller 10F catheter was placed adja-
cent to 16F catheter for saline irrigation of collection, followed by catheter
upgradation to 28F Abdominal Drainage Kit (ADK) catheter after few days (e).
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Catheters should be placed in the dependent part of collections.

Multiple catheters may be required for multiloculated complex collections.
Collections with thick content require frequent catheter up-gradation and
saline irrigation.

Percutaneous transhepatic biliary drainage (PTBD)

Indications

Obstructive jaundice with cholangitis, pain and severe pruritus
Post-traumatic or iatrogenic bile leak

To decrease bilirubin levels prior to chemotherapy commencement

To access biliary tree for further palliative procedures such as biliary stent
placement

Contraindications

No absolute contraindications
Relative contraindications: coagulopathy and ascites

Pre-procedural considerations

Assessment of site and type of obstruction and selection of an appropriate tar-
get duct (right vs. left) on imaging (CT/MRI).

Selected duct should drain at least 30% of the liver parenchyma in case of
occluded biliary confluence.

Unless infection, atrophied segment should not be drained (unlikely to
improve liver function).

Required mandatory drainage in infected biliary system due to biliary
stasis; multi-segmental drainage needed when secondary confluence is
involved.

Procedure

USG-guided puncture of sectoral duct (usually segment III and VI) by an
18-22G Chiba needle at approximately 1-3 cm away from the secondary bili-
ary confluence.

Avoid over-injection of infected bile duct to prevent bacteremia and sepsis.

5F biliary manipulation advanced into the biliary tree over the guidewire
under fluoroscopy guidance.

Insertion of an 8F pigtail or 8F external-internal drainage catheter after serial
dilation of the tract over the guidewire (Figure 9.3).

Bedside PTBD may be performed under USG guidance in non-shiftable
patients.

Upon improvement of cholangitis, stricture dilatation, stenting and brush
biopsy may also be performed through the existing PTBD access.
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Figure 9.3 Right PTBD in unresectable hilar cholangiocarcinoma with features of
cholangitis. USG showed mildly dilated right biliary radicles with multiple cholangiolar
abscesses in the right lobe of liver. (a) Segment VI biliary radicle was accessed under
USG guidance using micropuncture set, which showed frank purulent bile (yellow
circle, b). (c) Access was secured by 5F KMP catheter and cholangiogram taken, which
showed dilated biliary radicles communicating with cholangitic abscesses (red arrows,
c, d). (d) An 8F external biliary drainage catheter was placed over the stiff guidewire.

Complications

e Bleeding, pericatheter leak, pseudoaneurysm formation, electrolyte imbalance
and malnutrition on prolonged external drainage, catheter kinking, catheter
fracture etc.

Percutaneous cholecystostomy

Indications

e Acute biliary emergencies (acute cholecystitis, acute cholangitis, or any need
for biliary tract access) in critically ill patients who cannot tolerate surgery

e Relative contraindications: coagulopathy and ascites
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Procedure

e Can be performed entirely under USG guidance, even at the bedside.

e Two different approaches used for access into gall bladder (GB): transhepatic
or transperitoneal.

a. Transhepatic approach
e 6 or 8F pigtail is placed into the gall bladder (GB) using Seldinger tech-

nique (18-22G needle) (Figure 9.4).

- Advantages: greater catheter stability, reduces bile leak, leads to
quicker maturation of tract (i.e. 2 weeks), and easier access in the
presence of ascites

- Disadvantages: higher risk of bleeding (tract traverses through hepatic
parenchyma), not possible in case of diffuse metastatic liver disease
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Figure 9.4 Bedside USG (a) shows dilated gall bladder with mildly thickened
wall, intraluminal sludge and membrane-like structures (yellow arrow, a) in
addition to non-dependent echogenic air foci (white arrow, a), s/o emphyse-
matous cholecystitis. Urgent cholecystostomy was planned. Gall bladder wall
was punctured perpendicularly through the transhepatic approach using 18G
Chiba needle under USG guidance (b). (c, d) Tract was dilated over the stiff
guidewire, and an 8F pigtail was placed within the GB lumen. Frank turbid pus
aspirated.
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b. Transperitoneal approach
e Trocar technique is commonly used.
- Advantages: one-step process, lesser risk of bleeding (preferred in dif-
fuse liver disease and coagulopathy).
- Disadvantages: delayed tract maturation (3 weeks), higher rate of cath-
eter dislodgement, higher risk of bile leak in case of friable GB such as
emphysematous and necrotizing cholecystitis.

Percutaneous nephrostomy (PCN)

Indications

e Obstructive uropathy

e Pyonephrosis

e Urinary diversion in case of urine leak and ureteral injury

Relative contraindications: coagulopathy

Technique

e Skin entry site is usually along the posterior axillary line in the subcostal
region.

e Kidney should be punctured along the posterolateral avascular plane of
Brodel; lower pole calyx is preferably targeted (Figure 9.5).

e Seldinger technique is usually preferred, gross hydronephrosis with thin renal
parenchyma; trocar technique may be used.

e 38F catheter usually suffice; 10/12 Fr catheter may be required in pyonephrosis.

Complications: bleeding, pseudoaneurysm formation, pericatheter leak, catheter
blockage, catheter fracture etc.

Central venous access

Image-guided placement is safer, faster and with fewer complications compared
to blind technique.

Indications

® Administration of IV fluids and medications, blood products, TPN and
chemotherapy

e For hemodialysis, plasmapheresis and repeated blood sampling

a. Non-tunnelled central venous catheter
¢ No requirement to check coagulation profile before the procedure (lower
bleeding risk procedure)
o Bedside USG-guided procedure
- Preferred site: right IJV (straighter course), external jugular vein in
case of bilateral thrombosed IJVs (Figure 9.6)
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Figure 9.5 Patient presented to emergency with features of AK| and urosepsis.
Axial NCCT image (a) and (b) show horseshoe kidney (communicating lower
poles as marked by yellow arrow, a) with left pyonephrosis, as seen in form
of dilated pelvicalyceal system (PCS) with marked left perirenal inflammatory
stranding and fascial thickening. Urgent percutaneous nephrostomy (PCN) was
planned. (c) Lower pole of left PCS was punctured under USG guidance using
18G Chiba needle, followed by insertion of a 5F MPA catheter. (d) An 8F pigtail
was placed into the PCS.

- Subclavian vein is least preferred (high risk of pneumothorax and
venous thrombosis).

o Post-procedure fluoroscopic spot or X-ray to confirm the position of tip of
the catheter (usually 5F triple lumen catheter for adults).

o Ideal catheter tip position: SVC-right atrial junction.

o Insertion of dialysis catheter (dual or triple lumen) is same as that of cen-
tral venous catheter.

o For long-term hemodialysis access, tunneled catheter in which a retention
cuft is placed within the subcutaneous tunnel.

b. PICCline
o Indications: long-term antibiotic therapy and chemotherapy.
- Itisincreasingly used in critically ill patients.
o Advantages: no chances of pneumothorax and hemothorax, lower rate of
catheter-related bloodstream infection compared to central venous catheter.
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Figure 9.6 (a) Central venous line set that includes 1. guidewire; 2. 5F triple
lumen catheter; 3. surgical blade; 4. dilator; 5. puncture needle with 10cc syringe
(from left to right). (b) USG image of echogenic needle tip within left IJV (black
arrow, b); (c) catheter inserted into left IJV over guidewire.

Preferred vein: basilic vein > cephalic vein > brachial vein.

Technique: venous access using a 21G micropuncture needle, followed
by insertion of a peel-away sheath over the guidewire and advancing the
PICC line through the sheath.

Ideal tip position: SVC-IJV junction.

Smallest acceptable catheter diameter is chosen to limit the development
of any venous thrombosis.

b. Arterial line

Indications: continuous BP monitoring, frequent ABG analysis, arterial admin-
istration of drugs such as thrombolytics and use of an intra-aortic balloon pump.
Contraindications: peripheral arterial vascular diseases, anatomic varia-
tions with lack of collateral circulations (e.g. absence of ulnar artery), local
synthetic grafts and local site infection.

USG guidance has lower complication rates.

Seldinger technique is used.
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CONTROL OF LIFE-THREATENING HEMORRHAGE

Image-guided endovascular embolization is preferred over surgery in criti-
cally ill patients to control life-threatening hemorrhage.

If possible, a preliminary CT angiography should be considered: provides
source and site of bleed, delineates the vascular roadmap, thereby reducing
the procedure time and radiation exposure.

Gastrointestinal bleed

Transarterial embolization (TAE) serves as an effective and safe alternative to
surgical intervention for patients whose upper GI bleed is refractory to medi-
cal and endoscopic treatment.

Coil embolization is most often preferred (Figure 9.7), occluding the both
proximal and distal feeder arteries (sandwich technique).

In acute non-variceal lower GI bleed, very super-selective embolization is
needed to prevent ischemic complications.

Microcoil, PVA, or glue may be needed as embolism materials depending
upon the situation.

In coagulopathic patients, glue rather than coil is the preferred embolizing
material.

Tumoral bleed (e.g. ruptured HCC, neuroendocrine tumor, GIST etc.) is also
effectively managed by endovascular embolization in many cases.
Transjugular intrahepatic portosystemic shunt (salvage TIPS) with or with-
out variceal embolization (Figure 9.8) and balloon-retrograde transvenous
obliteration of varices (salvage BRTO) are effective in controlling variceal
GI bleed, refractory to endoscopic variceal ligation and/or sclerotherapy
(Figure 9.8).

Hemoptysis

Bronchial artery embolization is effective in control of hemoptysis.

PVA particle is most commonly used embolizing agent for BAE.

Coil/plug embolization may be considered in case of pulmonary artery aneu-
rysm and arterio-venous malformation.

Traumatic hemorrhage

Hepatic, splenic, renal and pelvic injuries are managed with TAE of bleed-
ing arteries in case of ongoing active bleeding or prophylactic embolization in
severe-grade injury to reduce the possible chance of bleeding.
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Figure 9.7 Patient of end-stage cirrhosis with portal hypertension and coag-
ulopathy presented with massive hematemesis and hematochezia. There was
profound hemodynamic instability. Arterial phase CT image (a) shows contrast
luminal contrast pooling into the gastric antrum (red circle, a) with change in
attenuation and morphology in delayed phase CT image (red circle, b), s/o active
arterial bleed. (c) Selective angiography of common hepatic artery shows active
contrast extravasation (yellow dotted circles) from a branch of gastroduodenal
artery. (d) The concerned arterial branch was embolized with PVA particles and
a microcoil (black arrow, d).

e Thoracic endovascular aortic repair (TEVAR) has revolutionized the manage-
ment of acute aortic injury (typically type II, III injury)."? TEVAR has less
morbidity and mortality compared to open surgery.

® In case of extremity arterial injuries, endovascular embolization of the source
vessels or stent-graft placement may be considered depending upon the ana-
tomical considerations (Figure 9.9).

Gynecological and obstetric-related hemorrhage

e Multiple fibroids, uterine AVM, abnormal placentation and cervical ectopic
pregnancy can cause massive pervaginal bleeding.

e Bilateral uterine artery embolization using PVA, glue, or gelfoam is pre-
ferred when first-line management fails. Urgent TAE of the uterine arteries
may be considered in PPH if initial managements fail as an alternative to
hypogastric artery ligation and/or hysterectomy with improved survival and
less morbidity.
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Figure 9.8 Acute esophageal variceal bleeding in a cirrhotic patient with por-
tal hypertension which was not able to be controlled on endoscopy. (a) TIPS
was created using an 8mm stent. (b) Venogram showed large tortuous lower
esophageal varices, supplied by left gastric vein (LGV), which was later emboli-
zed using glue-lipiodol mixture (30%) (black arrow, c). (d) No residual filling was
noted after embolization (yellow circle, d). Bleeding was controlled thereafter.

Acute vascular occlusion

e Intra-arterial thrombolysis and/or mechanical thrombectomy is a potentially
salvageable option in patients with acute ischemic stroke.

e In other cases of acute vascular occlusion such as pulmonary thromboembo-
lism, mesenteric ischemia, acute DVT, acute limb ischemia etc., endovascular
interventions offer restoration of vascular patency by intravascular thrombol-
ysis (mechanical/fibrinolytics), embolectomy and stent placement.

IVC FILTER

Indications

® C(lassic indications: documented venous thromboembolism (VTE) with abso-
lute contraindication to anticoagulation, complication of anticoagulation
resulting in cessation of therapy, or failure of anticoagulation.
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Figure 9.9 Patient having alleged history of right groin injury by a sharp object pre-
sented to emergency with hemodynamic instability and a large right groin hema-
toma. Portal venous phase CT image (a) shows a pseudoaneurysm (yellow arrow,
a) just vicinity to right femoral vessels (red circle, a). Delayed-phase CT image (b)
shows contrast jet (red arrow, b) into the hematoma, s/o active bleeding. (c) Catheter
angiography shows contrast extravasation with a linear tract (black arrow, c) arising
from right superficial femoral artery with diffusely narrow caliber of arteries due to
hypotension. (d) It was managed by placing a covered stent of size 8 x 68 mm across
the arterial rent (red arrows, d), following which there was no leakage of contrast.

e Prophylactic IVC filter placement is also considered in patients with medi-
cal, surgical, or traumatic conditions who are at high risk of VTE.
e Contraindications: complete venous thrombosis of IVC that precludes access
into the IVC.
® Types of filters: permanent and temporary (or retrievable).
e Temporary (or retrievable) are a newer type of filters that can be retrieved
when their need is over.?

Technique of placement:

e The filter is deployed under fluoroscopic guidance after obtaining venous
access and IVC venogram through IJV or femoral vein.

e The filter is typically deployed in the infrarenal IVC (Figure 9.10).

e Suprarenal placement is considered in cases of double IVC, pregnant patients
and pre-existing infrarenal IVC thrombus.

e IVC filter can also be inserted safely at the bedside in an ICU setting wherever
portable fluoroscopy is available.
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Figure 9.10 Prophylactic IVC filter placement in a 57-year-old non-ambulatory
patient with rectal and gall bladder malignancy after developing right lower
limb DVT. (a) IVC was accessed through the right internal jugular vein, and IVC
filter was placed below the origin of renal veins after taking venogram. Post-
deployment venogram (b) and follow-up CECT image (c) show infrarenal place-
ment with passage of contrast through the filter.

ENTERAL FEEDING TUBE INSERTION

® Adequate nutritional supplementation is of utmost importance in critically ill
patients, and a safe enteral route is preferred to the parenteral route when the
gastrointestinal tract is functional.

e Image-guided enteral tube insertion is associated with a lower complications
rate than surgical placement.

® Fluoroscopic-guided nasogastric and nasojejunal tube insertion can be con-
sidered in challenging cases when there is an obstructive pathology in the
upper gut.

e Similarly, procedures such as percutaneous gastrostomy, gastrojejunostomy
and jejunostomy can also be performed under fluoroscopy.

CONCLUSION

IR has changed the management paradigm in various conditions with shifting
towards image-guided interventions in critically ill patients for whom surgery
carries higher morbidity and mortality. Image-guided interventions also act
as bridge therapy in unstable patients before definitive surgery is carried out.
Therefore, IR should be an integral part of critical care units.
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nervous system, 47-48
ovarian hyperstimulation
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key indications and imaging
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rupture of haemorrhagic cyst/
endometriotic cyst, 109, 112
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urogenital system imaging
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headache, 63-64, 65
in pediatric patients, 166-167
head CT, 48, 49, 49, 50, 53-54, 67
in pediatric patients, 166-167
traumatic head injury, 59, 60
head trauma, blunt, 59, 60, 167
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heart silhouette, 30-31, 31-32
hemoptysis, 184
hemorrhage, intracerebral, 61, 63, 64
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hilar enlargement, 31
hilar structures, 11-12
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hydrocephalus, 63
in pediatric patients, 169, 170
hypovolemic shock, 42

infective lesions venous thrombosis, 63
insula, 55
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interstitial edematous pancreatitis, 129
interstitial syndrome, 7
interventional radiology (IR), 171-188
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182-183
control of life-threatening
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enteral feeding tube insertion, 188
gastrointestinal bleed, 184, 185-186
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in neurological emergencies, 67
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179-181, 180
percutaneous drainage of fluid
collections and abscesses, 171-173
percutaneous nephrostomy, 105, 181
percutaneous transhepatic biliary
drainage, 178-179, 179
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177,177-178
thoracic collections, 174
traumatic hemorrhage, 184-185
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intracerebral hemorrhage, 61, 63, 64
intraneural foreign bodies, 77
intraparenchymal hemorrhage, 61
intra-spinal nerves, 78-80, 78-80
intravenous pyelography (IVP), 97
intravenous urography, 155
ischemic memory imaging, 45
IVC filter, 186-187, 188

L

large bowel obstruction, 124-127, 125
in pediatric patients, 163
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left ventricular failure, 39

leiomyomas, 147

life-threatening hemorrhage, control

of, 184
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liver abscess, 164, 175, 175
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aim of, 68
bedside ultrasonography, 69
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case-based reviews, 85-89
computed tomography, 69
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introduction to, 68
long-term muscular sequelae in ICU
patients, 74
magnetic resonance imaging, 69-70
modalities of, 68-70
in muscle pathologies, 70-74, 70— 74
in nerve injuries/neuropathies, 76-80,
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in pathologies of skin and
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in spinal trauma, 80-83, 80-84,
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lungs
abscess in, 160, 174
consolidation and/or collapse, 5-6, 6,
21-22
reading chest X-ray of, 12-15
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M

magnetic resonance imaging (MRI)

acute diverticulitis, 136

acute myelopathy, 170

acute renal injury, 105

acute stroke, 169

appendicitis, 131

brain, 50-53, 51, 52-53, 166

cardiovascular system imaging, 45-46

cholecystitis, 134

chronic obstructive pulmonary
disease, 24-27

gynaecology, 109

hepatobiliary disease, 163

hydrocephalus, 169

intracerebral hemorrhage, 61, 63, 64

leiomyoma, 147
locomotor system, 69-70
long-term muscular sequelae in ICU
patients, 74
myopathies, 71
nerve injuries, 77, 87-89, 88
nervous system, 48-49
osteomyelitis or septic arthritis, 166
ovarian hyperstimulation
syndrome, 149
pancreatitis, 129
pelvic inflammatory disease, 109
percutaneous drainage of fluid
collections and abscesses, 172
retained products of conception,
140, 141
rhabdomyolysis, 84
rupture of haemorrhagic cyst/
endometriotic cyst, 112
search pattern, 54-58, 55-59
spinal cord, 78-80, 78-80
spinal trauma, 82-83, 85, 85-87, 86
tumour rupture, 114
urogenital system, 98
uterine arteriovenous
malformations, 143
uterine artery pseudoaneurysm,
142-143
magnetic resonance neurography,
84-85
mass, brain, 63
mastitits, 146
maximum intensity projection
(MIP), 16
medulla, 58, 58
midbrain, 56-57, 57, 59
mitral stenosis, 32, 33
M-mode, 15, 40-42, 41
multidetector row CT (MDR-CT),
16-17
multiplanar reconstruction
(MPR), 16
multislice CT (MSCT), 16-17
muscle pathologies, 70-74, 70-74
muscle wasting, 74
myelitis, 78, 79, 79
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N

nasogastric/orogastric tube (NGT/
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neck X-ray, 156
necrotizing fasciitis, 75
necrotizing pancreatitis, 129-130
necrotizing pneumonia, 160
nerve compression, 77
nerve injuries/neuropathies, 76-80,
77-80
due to prolonged ICU stay,
87-89, 88
nervous system imaging, 47-67
acute stroke, 60-61, 62, 63
brain death in patients of coma, 63
brain MRI, 50-53, 51, 52-53
computed tomography, 47-48
digital subtraction angiography
(DSA), 67
fever, 65-67, 66-67
headache, 63-64, 65
head CT, 48, 49, 49, 50, 53-54, 67
interventional radiology and, 67
intracerebral hemorrhage, 61, 63, 64
magnetic resonance imaging, 48-49
modalities of, 47-49
MRI search pattern, 54-58, 55-59
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seizures, 64, 65
traumatic head injury, 59, 60
neuropraxic injury, 77
neurotmesis, 77
NEXUS low-risk criteria, 80
non-bedside imaging, 97-98
non-contrast CT, see computed
tomography
normal KUB (kidney ureter bladder)
radiograph, 108
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obstructive uropathy, 99, 100
pyelonephritis, 99-100, 101-102
occipital lobe, 55
optical coherence tomography (OCT), 27
osteomyelitis, 166
ovarian hyperstimulation syndrome
(OHSS), 149, 151-152

P

pancreatitis
acute, 127, 128
-induced pseudoaneurysm, 130
in pediatric patients, 162-163, 164
-related collections, 176
parapneumonic effusion and
empyema, 174
parenchyma, 54
Parsonage-Turner syndrome, 78
partial anomalous venous return, 33
pediatric imaging, 154-170
abdomen, 162-164, 164
bone, 165, 165-166
chest and airways, 156, 158-159
in child with shortness of breath, 161
computed tomography, 155, 156
imaging appearances of pneumonia,
159-160, 159-160
modalities and technical
considerations in, 154-155
neuroimaging, 166, 166-170, 168-170
radiography, 155
trauma, 164
ultrasonography, 156, 157
pelvic abscess, 176
pelvic inflammatory disease, 109,
110-111
percutaneous cholecystostomy,
179-181, 180
percutaneous drainage of fluid
collections, 171-173
techniques of, 177, 177-178
percutaneous nephrostomy (PCN),
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percutaneous transhepatic biliary
drainage (PTBD), 178-179, 179
perfusion, CT, 48
pericardial drain, 8
pericardial tamponade, 42
peripheral nerves, 76-78, 77, 87-89, 88
peritoneal fluid, 122
permanent pacemaker (PPM), 7
pertussis, 160
phrenic nerve injury, 6-7
physical abuse, suspected, 165, 165
pituitary, 58
pleural effusion, 4, 4-7, 6, 18-20
pneumonia, 158-159
imaging appearances of, 159-160,
159-160
pneumoperitoneum, 136-138, 137
pneumothorax, 2-3, 29, 30
polymyositis, 70-71, 70-74
pons, 57-58
post-infectious peripheral
neuropathy, 78
post-operative collections, 176
post-partum haemorrhage (PPH),
139-143, 141-142
Pott’s spine, 170
pregnant patient, 139-152
adnexal torsion in, 145
first trimester complications in,
147-149, 150
interventional radiology for, 185
introduction to, 139
post-partum haemorrhage in,
139-143, 141-142
puerperal sepsis in, 143-145
red degeneration of leiomyoma in, 147
Pseudomonas, 160
PT/INR, 173
puerperal genital hematoma, 140
puerperal sepsis, 143-145
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pulmonary edema, 20
pulmonary embolism, 31, 32, 41, 41-43
pulse wave (PW) Doppler, 15-16
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pyomyositis, 71, 71-72
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acute diverticulitis, 135
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appendicitis, 130
locomotor system, 69
neck, 156
normal KUB (kidney ureter
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osteomyelitis or septic arthritis, 166
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pneumoperitoneum, 136-138
small bowel obstruction, 123
spinal trauma, 81-82, 80-84
for suspected physical abuse,
165, 165
urogenital system, 94-95, 96-97
urolithiasis, 163
radiography, chest
atrial septal defect, 32-33
cardiovascular system imaging,
29-33, 30-33
central venous catheters, 29, 30
chronic obstructive pulmonary
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consolidation and/or collapse, 5, 6, 21,
21-22
heart silhouette, 30-31, 31
hilar enlargement, 31
pleural effusion, 4, 4, 18-20
pneumothorax, 2-3, 3
pulmonary embolus, 31, 32
reading, 8-9, 8-15, 11-14
rib fracture, 5
red degeneration of leiomyoma, 147
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renal calculi, 94-95, 100, 164
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modalities of, 2
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rib fracture, 5
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in pediatric patients, 167-168, 168
Seldinger technique, 173
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sepsis, puerperal, 143-145
septic arthritis, 166
septic shock, 42
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shock, 39
hypovolemic, 42
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shortness of breath, 161
sigmoid volvulus, 125-126, 126
skin and subcutaneous tissue
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small airway disease, 24
small bowel obstruction, 123-124, 125
in pediatric patients, 163
“snowman’s sign,” 33
soft tissue chest X-ray, 15
sonography, 15-16
spectral Doppler/Doppler flow velocity
waveform, 15
spinal cord, 78-80, 78-80
trauma, 80-83, 82-85, 85-87, 86, 167
splenic abscess, 176
stent, ureteral, 106, 107
stroke, acute, 60-61, 62, 63, 168-169
subarachnoid hemorrhage (SAH), 63
subphrenic collection, 176
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temporal lobe, 55

tentorium cerebelli, 55

tetralogy of Fallot, 33

thalamus, 55-56, 56

lesions of, 66

thermometer probe, 8

thoracocenesis, 174

thrombectomy, 186
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return, 33
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traumatic head injury, 59, 60
traumatic hemorrhage, 184-185
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tuberculosis, 160
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acute diverticulitis, 135
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acute renal injury, 105
adnexal torsion during pregnancy, 145
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bladder and urethral
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cardiovascular system imaging, 33-34
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Doppler, 97
ectopic pregnancy, 149, 150
emphysematous pyelonephritis, 105
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pneumothorax, 3

puerperal genital hematoma, 140

puerperal sepsis, 143

pyelonephritis, 99-100, 10I1-102

retained products of conception,
140, 141

rib fracture, 5

rupture of haemorrhagic cyst/
endometriotic cyst, 112

skin and subcutaneous tissue, 75

small bowel obstruction, 123

tumour rupture, 112

urogenital system, 97

urolithiasis, 163

uterine arteriovenous malformations,
143, 144

uterine artery pseudoaneurysm,
141, 142

uterine atony, 140

upper mediastinum, 10
ureteral stent, 106, 107
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ureteric calculi, 94-95
non-bedside imaging, 97-98
urinary tract infection, 163
urogenital system imaging, 93-114
acute renal injury, 105
aim of, 93
bedside imaging, 96-97
bedside ultrasonography, 97
bladder and urethral catheterization,
106, 108
computed tomography, 97-98
Doppler ultrasonography, 97
emphysematous pyelonephritis, 105, 106
evaluation of fluid and
hemoperitoneum, 98-99
intravenous pyelography, 97
introduction to, 93, 94-96
magnetic resonance imaging, 98
modalities of, 96-98
normal KUB (kidney ureter bladder)
radiograph, 108
obstructive uropathy, 99, 100
percutaneous nephrostomy, 105
pyelonephritis, 99-100, 101-102
pyonephrosis, 100, 102, 104
renal hypoperfusion and
dysfunction, 105
tubes and catheters, 105-108, 106

ureteral stent, 106, 107; see also

gynaecology

urolithiasis, 163

urosepsis, 182

uterine arteriovenous malformations
(AVMs), 143, 144

uterine artery embolization, 185

uterine artery pseudoaneurysm,
140-143, 143

uterine atony, 140

\

venography
computed tomography, 47
magnetic resonance, 49
venous thromboembolism (VTE),
186-187
ventilation perfusion (VQ), 2
ventricles, brain, 54, 56, 169, 170
viral croup, 161
viral pneumonia, 159
volume rendering (VR), 16

w

wall area percent, 26
Westermark’s sign, 31, 32
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