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Epigraph

Uraemia — a poison chalice

So let it be told
How in the early days
The pioneers struggled, strived

To save a few lives

Of patients suffering from renal failure
They did not have the knowhow

But knew that in countries

Like the UK and USA, even then
There was dialysis and transplant

To keep these patients alive

Our health care was basic

Only to save that life, once

If acutely, but long term

We did not have the wherewithal
But if others can do it, so can we

Such was the pioneering spirit of our founders

The early fathers who had the courage

They dared to face the odds and come to a solution
And while they pondered and dreamed
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Before their very eyes they saw
Young man and young women

Perish one by one.

Who would sing for the lonesome one

Who would care for the lonesome one

Let me be the one, aye aye sir

So, I would strive for the lonesome one

He’s the one who has lost both wit and brain

Alas if you had only

Seen him two weeks ago
Vomiting now, no appetite
Eyes dazed like in a stupor

Go near to him

And catch the fish monger’s smell

Alas for him, he has lost both self and soul
His skin covered in sores and scabs
Scratching, bleeding, tearing tissue

To relieve the pruritic scourge

In renal failure your whole body

The skin itches like hell

You scratch and scratch to quell that itch
Life has indeed forsaken him

His doctor told him its uraemia

Meaning he has urine in his blood

Swollen all over — face, limbs, bloated abdomen
He could hardly breathe, lungs swollen with fluid
A deep sighing respiration, acidotic



He is starting to fit now, slowly into coma fade
His sunset eyes rolling upwards

A few more turns, spastic rigidity

And he lies still, for dead

The nurse pulls the sheet
A mortuary cover over him
Another death, another digit we cannot prevent

Despite all our heroic deeds

How did they do it, in all the developing countries
Throughout the developed world

Why can’t we do the same

Meanwhile, the newly dead join the rest

So many and still counting
100 cases of end-stage renal disease a year, 1975

How do we pick up the pieces

End this ravage, or at least slow it if we cannot prevent.

The monkey trembles on the tree trunk
Its fear shakes the trembling leaves

As they fall to the ground

Each leaf a life

Do we still call ourselves doctors

Why can’t we save these lives

When others can

Dialysis and transplantation, that is the cure

We must do it, it’s humanly possible

If others can do it, so can we

Epigraph  vii
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Pursue that dream, a quest for life
Transform into reality

A new remedy to save these lives

Through dialysis and transplantation

And thus was born, “A Tale from the Attic”

Professor Woo Keng Thye
14t Jan 2023
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Foreword

Welcome to The Kidney Book — a comprehensive guide designed
to assist you in the diagnosis, treatment, and management of
common renal conditions.

The kidneys play a pivotal role in maintaining homeostasis
within the body, filtering waste products, regulating electrolyte
balance, contributing to blood pressure control and performing
multiple endocrine functions. The discovery of dialysis and
transplantation has converted end stage renal disease, which
was once a terminal disease, into a chronic illness. Navigating
the intricate landscape of renal medicine can be a challenging
endeavour.

Aspart of the 50 Anniversary celebration of the establishment
of renal medicine in Singapore, this handbook has been
meticulously crafted in 2023 to serve as your reliable companion in
the understanding and management of the myriad renal disorders
that can profoundly affect our patients’ lives.

We have designed this handbook to be a concise, accessible,
and invaluable resource. Whether you are preparing for exams,
seeing patients on the wards, or seeking a quick reference at
the point of care, this handbook is tailored to meet your needs.

M i
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May your journey through the realm of renal medicine be both

fulfilling and enlightening.

Associate Professor Tan Chieh Suai
Head and Senior Consultant
Department of Renal Medicine
Singapore General Hospital



Preface

The Department of Renal Medicine at the Singapore General
Hospital is the oldest and largest renal unit in Singapore. It had
its humble beginnings in 1961 when pioneering doctors such as
Professor Khoo Oon Teik and Dr Lim Cheng Hong delivered the
first haemodialysis treatment to a British soldier who had suffered
acute kidney injury from a motor-cycle accident. This was soon
followed by the establishment of a chronic haemodialysis unit in
1968 and the first kidney transplant was performed in 1970. As
services for patients with kidney diseases grew, the Department
of Renal Medicine was officially established in 1973 with Dr Lim
Cheng Hong as its founding head of department. Peritoneal dialysis
was subsequently introduced in 1980 and since then the renal unit
has grown by leaps and bounds to become a world-class, academic
renal unit. This book is produced in the year 2023 to celebrate the
50™ Anniversary of the Department and to consolidate the years
of experience and knowledge that the department has accrued
from many generations of nephrologists and other healthcare
professionals.

This book is called The Kidney Book to recognise that kidney
care is provided by an entire village of healthcare professionals
and not only by physicians. It provides a multidisciplinary practical

guide to the clinical management of common kidney conditions,

B xxiii
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procedures and situations encountered by physicians, residents,
nurses, and other healthcare professionals involved in the day-
to-day care of patients with kidney diseases. Being a book aimed
at assisting in the daily clinical care of patients, it is written by
nephrologists and allied health professionals in a deliberate point-
by-point format with tables, algorithms, and figures to summarise
important clinical practices and procedures that would be easy to
refer to.

Consistent with our strong collaborative and patient-centric
values at the Singapore General Hospital, we are extremely grateful
to our co-authors from various sub-specialties and other disciplines
who have agreed to contribute chapters to this book. We are deeply
appreciative of their efforts as well as their consensus on keeping
this book as practical as possible. We would also like to thank our
many other physicians, nurses and allied health professionals in
our department who have not written a chapter but continue to
work tirelessly to provide the best care and journey for our patients
who struggle with kidney diseases.

We hope that readers of this book will find it practically useful
as well as a tool for learning and revision. The Kidney Book will
also stand out among other similar books in that it is one of the few
books written in English on nephrology from Asia. It will therefore
appeal to the kidney community in this part of the world.

Associate Professor Terence Kee

Senior Consultant, Department of Renal Medicine
Director, Kidney Transplant Program

Singapore General Hospital
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Chapter

Pebbles From the
Grand Round

Woo Keng Thye

Introduction

The renal grand rounds were a grand affair on every Monday morning,
where the entire department from consultants and nurses to allied
health professionals would gather at the high dependency renal unit
to wait for Professor Woo Keng Thye to start his grand round. During
the grand rounds, the medical officers would present the patients
they were looking after in an eloquent manner, having prepared their
script the evening before and being ready to answer questions posed
by Professor Woo. If the medical officers did not know the answers
to the questions, Professor Woo would then turn to the registrars
where the expectations were higher for them. So in order to “protect’
their registrars, the medical officers would have studied the evening
before and in most instances, answered Professor Woo’s questions
with poise and accuracy. This is a fondly remembered selection of
questions and answers in Professor Woo’s own words.

Terence Kee

3
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Question 1

When treating patients with urinary tract infection, how
soon would bacteria be killed after antibiotics administra-
tion? When would symptoms disappear and how long would
pyuria last?

Answer 1

Bacteria would be killed within hours. Symptoms go oft after
24 to 48 hours. Pyuria goes off by the end of 1 week. That is why
we review patients in a week’s time at the outpatients. If pyuria
persists after 1 week, it means either the antibiotic was not appro-
priate or the infection was in the upper urinary tract (e.g., pyelo-
nephritis) and the patient would require an intravenous pyelogram
or a CT pyelogram.

Question 2

How do scars in the kidney form in patients with UTI?

Answer 2

Scars may occur in patients with chronic pyelonephritis, by which
we mean chronic atrophic pyelonephritis because of vesico-
ureteric reflux. Acute pyelonephritis does not cause scarring,
unless there is acute papillary necrosis associated with the urinary
tract infection. For scars to form, two conditions are necessary.
First there must be the presence of infected urine. Then there
must be intrarenal reflux or grade IV reflux occurring, so that the
infected urine can get into the kidney during micturition when

there is retrograde flow of the infected urine to allow scarring to
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occur. If urine is rendered sterile using prophylactic antibiotics,
scars will not form.

Scars occur first in the upper pole, next the lower pole, and
then the mid pole, hence the irregular scarring we see in chronic
pyelonephritis. Scars once formed will progress inexorably until
the kidney becomes shrunken and contracted. Compensatory
hypertrophy occurs in the other kidney due to glomerular hyper-
filtration, hence the presence of unequally sized scarred kidneys in
patients with chronic pyelonephritis, compared to the bilateral and
symmetrical contraction kidneys of equal size we see in patients
with chronic glomerulonephritis.

Question 3

How do you tell whether a patient has Type I renal tubular
acidosis (distal RTA) or Type II renal tubular acidosis (prox-
imal or classic RTA) by the bedside?

Answer 3

Check the urine pH of the patient. If the patient has RTA and the
serum bicarbonate is less than 15 mEq/l (i.e., severe metabolic
acidosis) and if the urine pH is still more than 5.3, this patient has
distal RTA because a patient with Type I distal RTA, no matter
how severe the acidosis is, will never be able to acidify their urine
to a pH of 5.3 or less.

This contrasts with a patient with proximal or Type II RTA
where he is severely acidotic but would be able to acidify his urine
and bring the urine pH to 5.3 and below. This is because a patient
with Type II RTA or proximal/classic RTA cannot absorb his usual
load of 65% bicarbonate filtered through the proximal tubule, as
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in the case of someone without RTA. The patient with Type II
classic or proximal/classic RTA can only absorb up to 40% of his
filtered load of bicarbonate as there is a defect in his bicarbonate
absorption mechanism. So the extra 20% filtered bicarbonate is
now presented at the distal tubule. The distal tubule has its normal
bicarbonate load of 20% to be absorbed, but the additional 20%
spill over from the proximal tubule overwhelms the distal tubular
mechanism for absorption of bicarbonate, competing with the H*
ions for excretion of NH4* and titratable acidity. The limit of the
distal tubule is 20% bicarbonate absorption, so the extra 20% from
the spill over by the proximal tubule now renders the pH of the
urine at the distal tubule above 5.3, reflecting the inability to acid-
ity the urine.

So, check the urine pH of patients with RTA when they are
very acidotic. If urine pH is 5.3 and below, it means the patient
has Type II or proximal/classic RTA, in contrast to patients with
Type I or distal RTA who would not be able to acidify their urine
no matter how acidotic they are.

Question 4

What is acute nephritic-nephrotic syndrome and its clinical

significance?

Answer 4

When a patient has nephrotic syndrome, which is a triad of
oedema, proteinuria more than 3 g/day, and low serum albumin
less than 30 g, and if he also passes blood in the urine (i.e., gross
haematuria), then he has acute nephritic-nephrotic syndrome. In

Singapore, one of the conditions to be excluded is lupus nephritis,
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because patients with acute nephritic-nephrotic syndrome often
have mesangiocapillary glomerulonephritis (MCGN), which is
very common in patients with systemic lupus erythematosus
(SLE). Idiopathic MCGN is very uncommon in Singapore com-
pared to lupus nephritis.

Histologically, patients with MCGN would have subepithelial
and subendothelial deposits on light microscopy. So, if any patient
is found to have subepithelial and subendothelial deposits on light
microscopy, one should suspect lupus nephritis and investigate for
SLE. In lupus nephritis, the immunofluorescence on renal biopsy
would also show a full house immunofluorescence pattern with the
presence of IgG, IgA, IgM, Clq etc, which would further support
a diagnosis of lupus nephritis in addition to the electron micros-

copy findings of subepithelial and subendothelial deposits.

Question 5

What is a telescoped urine specimen and what is the clinical
significance?

Answer 5

A telescoped urine, not telescopic, is when the urine shows all the
formed elements of urine such as red blood cells, white blood cell
casts, and the urine test for albumin is positive. This is a full house
urinary finding as if one is looking through a telescope and visua-
lises a complete view of whatever is happening in the urine. When
confronted with such a full house picture of the urine, one must
exclude lupus nephritis as the usual patient with glomerulonephritis
should not have a full house view. He is likely to have red blood cells
signifying haematuria but not white blood cells signifying pyuria.
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In lupus nephritis, the tubular cells are also affected, hence
the presence of tubulointerstitial nephritis with pyuria as lupus
nephritis also involves the glomeruli as well as the tubules. This
explains why patients with lupus nephritis have Type I RTA and
less often Type II RTA, because the autoantibodies present in SLE
cause tubular injury resulting in RTA. So, with lupus nephritis, a
full house immunofluorescence goes hand in hand with full house
urine microscopy, which signifies active lupus nephritis and indi-
cates the need for therapy. Once treated, the active sediment as
seen in full house urine microscopy subsides and we find a bland
urinary sediment with occasional red blood cells and traces of pro-
tein, but no pyuria. The immunosuppressant can be reduced as
the proteinuria would be decreased, the anti-DNA titre would be

lower, and serum complements back to normal levels.

Question 6

What is synpharyngitic haematuria?

Answer 6

Synpharyngitic haematuria means the patient is passing blood in
the urine (i.e., gross haematuria) while having sore throat (pharyn-
gitis) or some form of upper respiratory tract infection. The word
synpharyngitic means the patient is having pharyngitis at the same
time or simultaneously as he is passing blood in the urine. This is
characteristic and diagnostic of IgA nephritis which is the com-
monest glomerulonephritis in Singapore as well as the world.
This contrasts with patients with post-streptococcal glomer-
ulonephritis (PSGN) or post-infectious glomerulonephritis. In
PSGN, the patient has a sore throat and a few weeks later finds
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that he passes blood in the urine and notices that he has pufty face
or facial oedema associated with ankle oedema. However, the sore
throat was a few weeks ago. When the patient with PSGN had
sore throat a few weeks ago, the infection gave rise to immune
complexes which get deposited in the kidney. It is an immuno-
logical reaction and takes a few weeks to develop. Some weeks
later the effects of the kidney immunological injury manifest, and
these immune complexes cause PSGN which manifests with renal
symptoms like gross haematuria, oedema, hypertension, protein-
uria, and renal impairment.

This manifestation of PSGN contrasts with IgA nephritis,
where another episode of sore throat or some other upper respi-
ratory tract infection triggers a shower of immune complexes
which get deposited in the kidney, bringing about another episode
of haematuria with gross haematuria and proteinuria, hence the

synpharyngitic haematuria.

Question 7

How do you manage recurrent haemorrhagic cystitis in a

young woman?

Answer 7

Recurrent haemorrhagic cystitis in a young woman usually means
this condition is related to sexual intercourse, often referred to as
honeymoon cystitis. As the term suggests, it involves a young bride
who encounters sexual intercourse with her partner for the first
time. However, women can also get this each time or often following
sexual intercourse presumably as they have not been made aware

of the precautions to avoid the situation. This occurs in married
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couples too where either one partner or both are nervous and, in
their anxiety, lack the natural sexual secretions which lubricate the
sexual orifices. The result is that when the penis is introduced into
the vagina, penetration does not occur smoothly and sometimes the
penis lingers outside the vagina near the anal orifice and in so doing
introduces bacteria into the urethra. The bacteria then enter the uri-
nary bladder, causing cystitis which usually results in acute inflam-
mation within the bladder and is often associated with dysuria and
bleeding, hence the haemorrhagic cystitis.

To prevent haemorrhagic cystitis, the patient must practise
3 things as part of the routine of sexual hygiene. First, within 15
minutes of sexual intercourse, the patient should empty her blad-
der as this flushes out any offending bacteria that have entered
the bladder. Second, before sexual intercourse, prolong the period
of foreplay through kissing or stroking, touching the genitalia
to excite the partner so that secretions from the sexual organs
will flow freely to provide lubrication which aids penetration.
If either partner is dry, KY jelly can be used. Third, post coitally,
take 1 tablet of nitrofurantoin, half a tablet of cotrimoxazole, or
125 mg of cefuroxime as part of the routine of sexual hygiene to
prevent infection. This must be done soon after sexual intercourse.
If infection still occurs despite this, then take 1 tablet every night
whether having intercourse or not. At the end of 6 months or 1
year, review the situation and if improved, then reduce to post
coital prophylaxis.

Question 8

A patient with diabetes has urine microscopy showing
dysmorphic red blood cells. How do you approach the
problem?
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Answer 8

A patient with diabetes should not have dysmorphic red blood
cells in the urine. The presence of dysmorphic red blood cells
means the patient has a non-diabetic nephropathy like focal seg-
mental glomerulosclerosis or minimal change disease with or
without associated diabetic nephropathy. If there is proteinuria,
this could be the result of non-diabetic kidney disease, diabetic
nephropathy, or both. The only way to resolve this is to do a kid-
ney biopsy to confirm the presence of another glomerular dis-
ease apart from diabetic nephropathy, especially if there is heavy
proteinuria which could be due to primary focal segmental glo-
merulosclerosis, a progressive nephropathy that can respond to
treatment unlike diabetic nephropathy. The renal biopsy may show
the presence of Kimmelstein-Wilson (KW) nodules indicating dia-
betic nephropathy as well as a non-diabetic nephropathy, likely
focal segmental glomerulosclerosis, which is also the commonest
type of glomerulonephritis associated with diabetic nephropathy.
Patients with diabetic nephropathy usually have other features,
such as diabetic retinopathy which occurs in 90% of patients with
diabetic nephropathy. The third feature is the presence of periph-
eral neuropathy. This triad usually occurs in patients diagnosed
with diabetic nephropathy. The fourth feature is diabetic vascu-
lopathy, hence the importance of palpating the peripheral blood
vessels in the physical examination of the patient.

The histological diagnosis would be diabetic nephropathy if
the biopsy shows the KW lesion with its typical nodular glomeru-
losclerosis. KW lesion carries a bad prognosis and is associated with
heavy proteinuria and eventual progression to renal failure, with
poor response to therapy. Nowadays, with sodium-glucose transport
protein 2 (SGLT2) inhibitors, patients with diabetic nephropathy
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with proteinuria may be able to retard the progression to end-stage
kidney disease by reducing the effects of glomerular hyperfiltra-
tion causing proteinuria. SGLT2 has been shown to be useful in
both diabetic and non-diabetic choronic kidney disease (CKD).
In one of our recent publications, we have shown that diabetic
retinopathy is associated with the presence of KW lesions in the
kidneys and there is a greater likelihood of the patient developing
end-stage kidney disease with these two lesions present. Among
all the non-diabetic kidney diseases, we have also shown that focal
segmental glomerulosclerosis is most commonly associated non-
diabetic kidney disease, which occurs in Type 2 diabetes mellitus.

Question 9

What is the impact of primary focal and segmental glomeru-
losclerosis (FSGS) over the past decade?

Answer 9

We have published a study on the demographics and clinical out-
come influencing the response of patients with primary FSGS
between 2008 to 2018. The patients (n = 150) were analysed for
their clinical, laboratory and histological characteristics including
features that could influence disease progression and clinical out-
come. There were two categories of patients, those with nephrotic
syndrome (NS; n = 62) and those without NS (n = 88).

For patients with FSGS without NS, the indices for progres-
sion involved them having significantly more tubular interstitial
and blood vessel lesions in addition to their glomerular pathol-
ogy compared to patients with NS. Patients with NS responded
to immunosuppressive therapy more favourably compared to
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the non-N§S group, though both groups responded with decreas-
ing proteinuria. The NS group had better 10 years survival of
92% versus 72% for the non-NS group (log rank 0.002). The
10 years survival for the whole group (N = 150) was 64%. Our
data suggest that in FSGS, one of the significant components
of the disease is vascular and tubular damage apart from the
underlying glomerular pathology resulting in varying responses
to immunosuppressive therapy, distinct from those with NS who
responded to immunosuppressive therapy with stabilisation of
renal function, and these patients also had less blood vessel and

tubular lesions.

Question 10

How do you approach the problem of acute on chronic
kidney injury?

Answer 10

The patient may reveal a history of previous symptoms of renal
impairment, hypertension, or urinary tract infection. Urine micros-
copy may show red blood cells, casts, or protein. The urinary pro-
tein usually ranges from 1 to 2 g/day in these cases. A renal biopsy
should confirm the diagnosis of pre-existing glomerulonephritis.
In patients with “acute on chronic” renal failure, the acute ele-
ments causing acute kidney injury may be dehydration, sepsis,
uncontrolled hypertension, obstruction, and nephrotoxic antibiot-
ics as well as contrast agents and non-steroidal anti-inflammatory
drugs. When considering obstruction, one should exclude obstruc-
tion to the urological tract as well as thrombosis of renal veins and

arteries.
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Based on a diagnosis of acute renal failure (ARF) in a series
of 92 cases from 1976 to 1982, infections accounted for 30%,
pregnancy-related ARF for 13%, and glomerulonephritis for 10%.
In another series of 48 ARF cases from 1985 to 1989, septicaemia
accounted for 23 cases, drugs and poisoning for 4, and glomeru-
lonephritis for 3. Using a definition of acute kidney injury (AKI),
there were 173 cases from June 2009 to May 2010, and 34% were
due to dehydration, 27% due to sepsis, and 10% due to drugs. In
the older system using ARF instead of AKI, mild degrees of ARF
which are more readily reversible like those due to dehydration
and drugs may not have been captured under the definition of
ARF, hence the present term AKI is all encompassing and has a
wider spectrum which accounts for the large number of cases with
AKI compared to those with ARF.

Reference

Woo KT (2011). Clinical Nephrology 3rd ed. World Scientific Publishing,

Singapore.



Chapter

Assessment of Kidney
Function

Tan Hui Zhuan

Introduction

Glomerular filtration rate (GFR) is accepted as the best overall
measure of kidney function and the kidney’s ability to carry out
its excretory, endocrine, and metabolic functions.

The estimation of the GFR is used clinically to assess the
degree of kidney impairment, follow disease progression, and

inform clinical decisions.

Assessment of GFR

Glomerular filtration rate

GFR is defined as the sum of the filtration rates in all function-
ing nephrons.
True GFR is a physiological property that cannot be measured

directly in humans.
2

The normal value is approximately 140 to 173 litres/day/1.73 m
(90 to 120 mI/min/1.73 m?), with considerable variation due
to age, gender, body size, physical activity, diet, pharmacother-
apy, and physiological state (e.g., pregnancy).

s
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GFR is assessed using:

m  Measured GFR, using urinary or plasma clearance of
an exogenous filtration marker — remains a reference
standard

m  Estimated GFR, using blood levels of endogenous filtration

markers — commonly used in routine clinical settings

Estimation of GFR

Estimated GFR (eGFR) using blood levels of endogenous fil-
tration markers is recommended for the initial evaluation of

GFR.

Creatinine is the most used and widely available endogenous

filtration marker.

The 2021 Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation is recommended over other creatinine-
based estimating equations, such as the 2009 CKD-EPI equa-
tion, the Modification of Diet in Renal Disease (MDRD) study
equation, or the Cockeroft-Gault equation.

Of note, the 2021 CKD-EPI equation does not include a term
for race.

Clinical laboratories should use creatinine assays that are cali-

brated to the international standard.

Despite standardisation of serum creatinine assays, GFR
estimates remain imprecise because of variation in non-GFR
physiological determinants of serum creatinine which affects
its generation, tubular secretion, reabsorption, and extrarenal

elimination.



Assessment of Kidney Function 17

e Cystatin C is another endogenous filtration marker but is less

commonly available for routine use.

Limitations of creatinine-based eGFR

e (Clinical settings in which eGFR is less accurate include:
m  Extremes of body size or mass

m  Diet and nutritional status (e.g., high protein diet, use of
creatine supplements)

m  Usage of certain medications — drugs can affect the serum
creatinine level by competing with creatinine secretion at
the level of kidney tubule (e.g., histamine H2 antagonists,
poly-ADP ribose polymerase (PARP) inhibitors), and
certain tyrosine kinase inhibitors interfering with the
assay

m  Non-steady states such as acute kidney injury where

changes in serum creatinine often lag behind changes in
true GFR

e Measured GFR (mGFR) can be performed as a confirmatory
test in speciﬁc circumstances when a more accurate assessment
of GFR is required for clinical decision making (e.g., evaluation
of a living donor candidate).

e Type of confirmatory test to perform depends on the availabili-
ty and clinical setting.

e Equations have been developed to estimate GFR in the non-

steady state, but none of these have been validated in compari-
son with mGFR.
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Haematuria and
Proteinuria

Chapter

Kanagasabapathy Kamaraj

Introduction

e Microscopic haematuria and/or albuminuria/proteinuria are
commonly detected during routine health assessment, enlist-
ment for military service, medical insurance, or pre-employment
screening.

e The presence of haematuria and proteinuria together signifi-
cantly increases the likelihood of significant kidney disease.

Proteinuria

e Under normal circumstances, less than 150 mg of protein
appear in the urine because
m the negatively charged glomerular capillary basement
membrane acts as a barrier to large molecular weight (MW
>20,000 Daltons) and negatively charged proteins
m tubular epithelium reabsorbs lower MW proteins filtered
out into the tubular lumen
e In healthy individuals, 60% of urinary protein are plasma
proteins (mainly albumin) while 40% are from the tubular
epithelium (mainly Tamm-Horsfall protein which is secreted
by the thick ascending limb of the loop of Henle).

M9
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e Proteinuria can be differentiated according to

(] Temporal features — transient or persistent

m  Body position — orthostatic or non-orthostatic

m  Pathogenesis (Table 3.1)

m  Type of protein (albuminuria or low molecular weight
proteinuria)

= Amount excreted in the urine (nephrotic >3-3.5 g/day,
non-nephrotic <3 g/day, or low grade <1-2 g/day)

m  Clinical significance

Table 3.1: Different Types of Proteinuria

Type of Proteinuria Physiology

Glomerular Increased filtration of proteins (large molecular
proteins like albumin and immunoglobulin) through
the glomerular capillary basement membrane,
which typically occurs in glomerular diseases.

Tubular Increased excretion of proteins (low molecular
weight proteins like beta-2-microglobulin) that are
normally reabsorbed by the proximal tubules. This
typically occurs in tubulointerstitial diseases.

Overflow Overproduction of specific proteins, leading to
increased glomerular filtration and excretion which
overwhelms the ability for proximal tubules to
reabsorb these proteins.

Orthostatic Mechanism unclear — proteinuria increases when the
patient is in an upright position and ambulating but
decreases when lying down. It is common among
adolescents, < 1 g/day and is benign.

Post-renal Mechanisms unclear but occurs in inflammation of

the urinary tract infection (e.g., infection, stone, or
tumours of the urinary tract)
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Measurement of proteinuria

e Measurement of proteinuria is not only important in the
diagnosis of kidney disease but also assists in determining the

response to treatments and kidney prognosis.

Urine dipstick test

e Dipstick analysis of urine is a useful semi-quantitative screen-
ing tool for proteinuria — trace (10-20 mg/dL), 1+ (30 mg/dL),
2+ (100 mg/dL), 3+ (300 mg/dL), and 4+ (1000 mg/dL).

e Urine dipstick detects mainly albumin but is vulnerable to false
positive and false negative results (Table 3.2).

Timed urine collections
e The amount of urinary protein detected by urine dipstick needs

to be quantified with actual measurement of urinary protein.

Table 3.2: False Positive and False Negative Results for Urine Dipstick
Detection of Proteinuria

False Negative for

False Positive for Proteinuria Proteinuria

e Highly alkaline urine e Diluted urine

e Highly concentrated urine e When the predominant
e Macroscopic haematuria protein excreted is

e Prolonged dipstick exposure to urine not albumin (e.g.,

e Cleaning compounds (quaternary ammonium) Bence Jones protein in
e Detergents multiple myeloma)

e JTodinated contrast

e Antiseptics (e.g., chlorhexidine, benzalkonium
chloride)

e Dye (e.g., phenazopyridine)
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e Urine collections over 24 hours are the gold standard to quan-
tify protein and albumin concentration in the urine. It is
often the initial evaluation test for proteinuria. A normal
24-hour urine total protein level is <150 mg/day.

e However, these collections are cumbersome and may not
be accurate if the patient under- or over-collects urine. The
adequacy of the collection can be assessed by comparing the
24-hour urine creatinine concentration to the expected urine

creatinine concentration.

Daily urinary excretion of creatinine

Male —  20-25 mg/kg or 177-221 pmmol/kg
Female - 15-20 mg/kg or 133-177 pmol/kg

e 24-hour urine collection of albumin is also available — normally,
24-hour urine albumin is <30 mg/day. Micro- and macro-
albuminuria is defined by urine albumin 30-300 mg/day and
>300 mg/day respectively.

Spot urine measurements

e Urine albumin or total protein as a ratio to urine creatinine
concentration has been shown to be comparable to timed urine

collection and is more convenient for patients.

e However, there are limitations when interpreting urine albu-
min to creatinine ratio (UACR) or urine protein to creatinine
ratio (UPCR) as follows:

»  UACR and UPCR may under- or overestimate albuminuria
and proteinuria if the urinary creatinine excretion is
significantly higher or lower than the average urinary
creatinine excretion (1000 mg/day). UACR and UPCR in
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muscular individuals may be underestimated due to the
high creatinine excretion from muscle (> 1000 mg/day)
whereas elderly or cachectic individuals with low muscle
mass may have overestimated UACR and UPCR.

m UACR and UPCR undergo diurnal variation and can
vary from day to day. A first morning sample most closely
estimates 24-hour protein excretion. It is also best to collect
spot urine samples at the same time each day if it is being
used to monitor patients’ progress.

Clinical Significance of Different Types of
Proteinuria

e Proteinuria can be associated with several conditions and more
than one clinical condition causing proteinuria may occur at the
same time (Table 3.3).

Table 3.3: Clinical Associations of Proteinuria

Type of Proteinuria Clinical Association

Isolated, asymptomatic e This may be benign and transient in the

proteinuria absence of haematuria, occurring in situations
< 3 g/day such as:

m Exercise

m Fever

m Urinary tract infection
m Cardiac failure

e Patients presenting with isolated and
asymptomatic proteinuria <3 g/day should
have urinary protein measurement repeated to
confirm its persistence.

o If persistent, orthostatic proteinuria should be
excluded (e.g., a normal urine PCR on the first
morning void but an elevated urine PCR on the
second void confirms the diagnosis).

(Continued)
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Table 3.3:

(Continued)

Type of Proteinuria

Clinical Association

Microalbuminuria

Normal albumin
excretion: < 30 mg/day

24-hour urine albumin:
30-300 mg/day

Urine albumin:
creatinine ratio:
30-300 mg/g or 3.4 to
34 mg/mmol

Glomerular proteinuria

> 3 g/day

Tubular proteinuria

< 2 g/day

Overflow proteinuria

e If orthostatic proteinuria is excluded,
then further evaluation for glomerular or
tubulointerstitial disease is required.

e May be the earliest sign of diabetic/chronic
kidney disease

e Risk factor for cardiovascular disease and
mortality

o Associated with endothelial dysfunction

¢ Angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers are used to
treat diabetics or hypertensive individuals with
microalbuminuria

e Urinary protein excretion of > 3 g/day is usually
due to glomerular disease

e When associated with hypoalbuminaemia,
hyperlipidaemia, and oedema, it is called
nephrotic syndrome

o Associated with tubulointerstitial disease

e Glomerular diseases can also be associated
with tubular proteinuria because increased
urinary protein also causes tubulointerstitial
inflammation and injury

o Associated with specific urinary proteins
m Jg light chains/Bence Jones protein (multiple
myeloma)
m Myoglobin (rhabdomyolysis)
m Haemoglobin (haemolysis)
m Lysozyme (acute myelomonocytic leukaemia)

Management of proteinuria

e Patients may be referred because of either a positive urine dip-

stick or urinary measurement of urinary protein or albumin.
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e A detailed history and physical examination are required, espe-
cially looking for:
m  Past laboratory reports to determine if proteinuria is new

or old

»  Confounding factors — exogenous protein supplementation,

fever, cardiac failure, exercise, orthostatic proteinuria
= Presence of systemic disease
»  Family history of kidney disease
m  Medication chart, especially those associated with
glomerulonephritis (e.g., non-steroidal anti-inflammatory
drugs) or tubulointerstitial nephritis (e.g., antibiotics)
e Repeat measurement for proteinuria/albuminuria, ideally a

24-hour urine collection for protein or albumin together with
renal panel and urine microscopy for haematuria/pyuria.

e Ifrepeat test shows proteinuria without abnormal kidney func-

tion or haematuria/pyuria, exclude orthostatic proteinuria.

e If orthostatic proteinuria is excluded, evaluate for urinary tract
infection (especially if there is pyuria), paraproteinaemia (uri-
nary light chains), and primary kidney diseases (especially if
there is abnormal kidney function and haematuria).

e An ultrasound of the kidney, ureter, and bladder is also use-
ful to exclude structural causes and assess suitability for kidney
biopsy, if indicated.

Haematuria

e Haematuria is generally defined by the presence of 3 or
more red blood cells per high power field in a spun urine

sediment. Urine dipstick can also detect haematuria but a
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Table 3.4: Causes of Haematuria

Glomerular causes
IgA nephropathy

Thin glomerular basement membrane disease

Alports syndrome
Other types of glomerulonephritis

Renal parenchymal

Polycystic kidney disease
Medullary sponge kidney

Sickle cell disease/trait

Papillary necrosis

Renal infarction

Renal arteriovenous malformation

Drugs

Over anticoagulation with warfarin, heparin
Aspirin

Cyclophosphamide

Other causes

Systemic bleeding disorders
Trauma

Exercise haematuria
Hypercalciuria‘hyperuricosuria

Tumours

Renal, ureteral, and bladder
tumours

Bladder and ureteral polyps

Prostate tumour

Vascular malformation

Urinary tract

Calculi

Infection

Vascular malformation
Urethral and meatal stricture
Schistosoma haematobium

Infections/Inflammation
Pyelonephritis

Prostatitis

Cystitis e.g. Adenovirus, BKV
Urethritis

Tuberculosis

positive dipstick test for haematuria may also be due to oth-

er factors such as myoglobinuria, haemoglobinuria, or con-

taminants (e.g., semen, cleansing agents).

e Haematuria may be defined by its visibility (microscopic or

macroscopic) or its source (glomerular or lower urinary tract)

(Table 3.4).
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Macroscopic haematuria

Haematuria that is visible to the naked eye as red or brown urine
and may be associated with the passage of blood clots. It may be
confused with menses (in women) and urinary excretion of heme

due to haemolysis or rhabdomyolysis.

Microscopic haematuria

Haematuria that is invisible to the naked eye and can only be
seen by microscopy. Microscopic haematuria is more commonly

encountered than macroscopic haematuria.

Management of haematuria

e Patients are often referred because of either a positive urine

dipstick or urine microscopy result showing haematuria.

e Repeat test for haematuria using urine dipstick and microscopy —
if the dipstick is positive but microscopy is negative for red
blood cells, consider other diagnoses such as myoglobinuria or
haemoglobinuria.

e Take a detailed history, looking for possible causes of haematu-
ria, especially:
m  Past laboratory reports to determine if haematuria is new

or old

m  Exclude confounding factors — menses, recent exercise,

infection, trauma/instrumentation, sexual intercourse

= Risk factors for malignancy — smoking, cyclophosphamide,

occupational history for risk factors of urologic cancers
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Review medication chart for drugs that can increase

bleeding risks

Family history of wurinary abnormalities or kidney

diseases

e If urine microscopy is still positive for haematuria, further eval-

uation is required such as:

Renal panel
Full blood count
Coagulation profile

Urine culture if there is suspicion of urinary tract infection
such as symptoms/signs, positive nitrite on urine dipstick,

pyuria on urine microscopy

Urine phase contrast to detect dysmorphic red blood
cells and/or red blood cell casts, suggestive of glomerular

haematuria

Urine protein measurement (e.g., 24-hour urinary total
protein)

Cystoscopy, especially for macroscopic haematuria and risk
factors for malignancy — some guidelines also suggest an
age cut-off for cystoscopy evaluation of haematuria, such
as 35 years and older (American Urological Association
2012 guidelines) or 40 years and older (Canadian Urologic
Association 2009).

Computed tomography of kidneys, ureters, and bladder —
ultrasound is an alternative for pregnant women

Kidney biopsy is indicated in those with dysmorphic red
blood cells, proteinuria, and abnormal kidney function
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e When no cause is found for haematuria, patients should be
followed up at least annually while the haematuria remains
persistent. Repeat work-up may be required when there is a
change in condition (e.g., macroscopic haematuria, develop-

ment of proteinuria).
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Chapter

Imaging of the Kidney
and Urinary Tract

Tan Chee Wooi, Lath Narayan

Introduction

Imaging is one of the useful tools in daily clinical care for a
patient with kidney disease. Over the past 100 years, imaging
has evolved rapidly from weak X-ray machines to a multitude of
modalities (e.g., ultrasonography, computed tomography, mag-
netic resonance imaging, catheter angiography, scintigraphy
with nuclear medicine agents, positron emission tomography).
Understanding the diagnostic utilities and limitations of each
imaging modality facilitates optimal evaluation of patients with

specific clinical presentation.

Diagnostic Imaging

Plain radiograph

Kidney-ureter-bladder (KUB) X-ray is the most common X-ray
imaging used to identify urinary calculi (Figure 4.1) and calci-
fication in kidney parenchyma (nephrocalcinosis) (Figure 4.2).
It can also delineate gas when present in large quantity, e.g., in

emphysematous infections.

Radiation exposure is about 35x of a CXR.

M3l
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Figure 4.1: Patients with right loin to groin pain. (a) X-ray KUB shows calcified right
ureteric calculus, which on (b) the US is seen as an echogenic focus with shadowing
(black arrow). There is also severe right hydronephrosis.

(®)

Figure 4.2: (a) X-ray KUB and (b) Non-contrast CT KUB showing medullary
nephrocalcinosis.

e Kidneys appear bigger on X-ray than on ultrasound (due to dis-
tance magnification).
e Most of urinary calculi (90%) are radio-opaque except uric acid

and xanthine.
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Table 4.1: Causes of Nephrocalcinosis

Area of Distribution Causes

Medullary e Disturbances in calcium regulation
= Hyperparathyroidism
= Vitamin D toxicity
= Idiopathic hypercalciuria
= Sarcoidosis
= Multiple myeloma
e Tubular disease
= Renal tubular acidosis (Type 1)
= Tubulopathies, e.g., Bartters syndrome
e Others — medullary sponge kidney or papillary
necrosis

Cortical e Usually due to trauma or cortical necrosis

e Nephrocalcinosis, previously known as Anderson-Carr kidney
or Albright calcinosis, refers to the deposition of calcium in
the parenchyma of the kidney and is caused by conditions that
cause hypercalcaemia, hyperphosphataemia and hypercalciuria
(Table 4.1).

Ultrasound

e Most frequently used imaging modality in the evaluation of kid-
neys and urinary tracts. It can assess:
= Kidney size — The normal size of kidneys is 10-14 c¢m for
(males) and 9-13 c¢m for females (Table 4.2).
= Presence or absence of urinary tract obstruction or
hydronephrosis
= Able to evaluate renal structure and characterise renal

masses (cystic vs. solid)
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Table 4.2: Causes of Small and Large Kidneys on Ultrasound

One Kidney Both Kidneys
Small e Congenital e Smooth texture — chronic kidney disease
kidney(s) o Renal artery e Irregular texture — infection (e.g.,
stenosis tuberculosis), reflux nephropathy,
congenital dysplastic syndrome
Large e Renal masses, e Polycystic kidney disease
kidney(s) e.g., tumours, ¢ Dijabetes nephropathy (early phase)

cysts

Cystic kidney disease

W TX KID RIF

(b)

Figure 4.3: (a) Peri-graft colllection near lower pole, anechoic with some debris on
ultrasound, (b) Anterograde pyelogram shows a leak of urinary contrast into the collec-
tion, confirming a urinoma. Surgical ureteric re-anastomosis was performed with subse-
quent resolution.

» Identify perinephric fluid collections (Figure 4.3)
= Bladder structure
= Prostate size

» Provide real-time images (e.g., renal biopsy guidance)
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Contrast-enhanced ultrasound

e Ultrasound (US) using intravenous administration of a con-
trast agent, microbubbles containing sulphur hexafluoride gas
for enhancement. The contrast agent is not nephrotoxic and
is excreted by the pulmonary system. Therefore, it is useful in

patients with impaired kidney function.

e Contrast-enhanced ultrasound (CEUS) is able to characterise
kidney lesions and stratifies the risk of malignancy according to
the Bosniak classification (Table 4.3 and Figures 4.4 and 4.5).

Table 4.3: Bosniak Classification of Cystic Kidney Masses*

Risk of
Class Description Workup Malignancy (%)

1 Benign simple cyst Nil 0
e thin wall
® no septation/calcification/
solid components
2 Minimal complex cyst Nil 0
e thin septa or calcification
e well marginated
2F Minimal complex cyst Surveillance 5
o multiple thin septa
e calcification can be thick or
nodular
e high attenuation lesion
3 Indeterminate cystic mass Partial 50
e thickened irregular walls or nephrectomy
septa with enhancement
4 Clearly malignant cystic mass Partial/Total 100
nephrectomy

*Bosniak 2019 version proposed to include features from an MRI but has not undergone widespread
validation.
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Figure 4.4: Patient with adult polycystic kidney disease. Both kidneys are enlarged
with numerous cysts, as seen on (a) the US as anechoic lesions and (b) cystic density
lesions on contrast-enhanced CT. Also note the cysts in the liver on CT.

Figure 4.5: (a) Exophytic complex renal mass on ultrasound with differentials of a
tumour versus complicated cyst. Due to impaired kidney function, contrast-enhanced
CT or MRI were not indicated, (b) instead CEUS was performed which showed the
lesion to be avascular, indicating a complicated cyst. Note the enhancement of normal
renal parenchyma on CEUS.

Doppler ultrasound

e Doppler US is based on the frequency shift of the sound wave
caused by moving objects; hence, it can be used to assess arte-

rial and venous blood flow of native and transplanted kidneys.
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e Renal arteries arise from proximal abdominal aorta, just below
the origin of superior mesenteric artery. Accessory renal artery
is in 20-30% of the population.

e Renal veins are located anterior to the ipsilateral renal artery,
and both vessels course anterior to the renal pelvis before

entering the renal hilum.
e Indications for a Doppler US are
= Renal artery stenosis (Figure 4.6)
= Renal vein thrombosis
» Kidney masses with tumour invasion of the renal veins
» Renal arterial aneurysms
» Post-intervention complication (post-kidney biopsy)

= Arteriovenous fistulas (AVFs), arteriovenous malforma-
tions (AVMs) (Figure 4.7)

e Doppler US renal artery interpretation
= Peak Systolic Velocity (PSV)

— normal values are 60-100 cm/s. If PSV >200 cm/s, sug-
gestive of RAS

() (®) (©

Figure 4.6: Patient with kidney graft dysfunction due to renal artery stenosis. Doppler
at anastomosis shows (a) focal “aliasing” with increased peak systolic velocity (314 cm/
sec), and (b) intraparenchymal waveforms showing “parvus tardus” with increased accel-
eration time (77 msec), (c) catheter angiography confirms significant stenosis at anasto-
mosis due to kink.
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(a) (b)

Figure 4.7: Post-renal biopsy AV fistula at the lower pole. (a) Colour doppler shows
the area of aliasing which (b) on spectral doppler shows high velocities (up to 300 cm/
sec) and spectral broadening.

— measured at the renal artery origin, mid portion, and hilum
— doppler-to-vessel angle of 60 degrees or less is manda-
tory to ensure that velocity information is accurate
= Renal aortic ratio (RAR)
— normal value is <3.5

— determined by the ratio of PSV in the renal artery and
PSV in the aorta

»  Resistive index (RI)
— normal range is 0.5 to 0.7

— determined by dividing the difference between the
PSV and end-diastolic velocity by the PSV

— high RI is a sign of increased peripheral vascular resis-
tance and is a nonspecific finding
= Waveform
— Acceleration time (AT) (time of the start of systole to
peak systole) <70 msec

— Acceleration index (AI) (slope of the systolic upstroke)
>3 m/s
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— Tardus parvus is seen downstream to the site of stenosis
(tardus: slow upstroke or prolonged AT, while parvus:

small systolic amplitude/peak (AI))

Computed Tomography

e Computer reconstruction of X-ray images from multiple angles,
producing “cross-sectional” images of the body. There are sev-
eral types of computed tomography (CT) (Table 4.4).

Table 4.4: Types of Computer Tomography

Non-contrast CT Indications

CT KUB e Mainly for an assessment of stone disease

(Figure 4.8)

Contrast-enhanced CT  Indications

CT urography or e Multiphasic, usually unenhanced, and post-
intravenous urography contrast (nephrographic and excretory phase

(Figures 4.9 and 4.10) scans)

e Demonstrates collecting system, ureter, and
bladder on an excretory phase

e Superior to traditional intravenous pyelography
e Useful for
— urothelial mass
— obstructive uropathy
— urothelial surveillance
— ureteric stricture
CT angiogram (CTA) e Demonstrates renal vasculature
(Figure 4.11) e Superior to US Doppler
e Useful for
— Diagnosis of renal artery stenosis in
determining the level and extent of stenosis
— Providing information to guide subsequent
treatment planning
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Figure 4.8: Non-contrast CT KUB shows right renal calculus and distal right ureteric
calculus (black arrow), resulting in right hydronephrosis.

Figure 4.9: Contrast-enhanced CT in a patient with fever showing right kidney
abscess, containing pockets of gas, parenchymal swelling, and adjacent fat stranding.
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(b)

Figure 4.10: Renal angiomyolipoma. (a) Ultrasound shows an exophytic echogenic
mass at the upper pole of the left kidney, (b) Contrast-enhanced CT confirms a mass with
predominant fatty density.

(d)

Figure 4.11: Young hypertensive. CT angiography (CTA): (a) Axial maximum intensity
projection (MIP) image and (b) Coronal reconstruction image shows severe stenosis of
the mid segment left renal artery (black arrows), likely fibromuscular dysplasia.

e Has a better resolution with faster and better characterisation

of renal masses.
e Indications:

s Further characterisation of renal masses — can differenti-

ate a simple cyst from a tumour (e.g., Bosniak class 2F)

= Staging of tumours — helps in prognostication and a treat-

ment plan
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Urinary calculi

= Renal collection/perirenal collection/abscess

= Retroperitoneal pathology

»  Obstructive uropathy — degree and cause of obstruction

= Renovascular disease

Magnetic Resonance Imaging

e Uses electromagnetic radiation (radiofrequency waves) to cre-
ate images from hydrogen protons in water present in body
tissues (Figure 4.12). There is no patient exposure to ionising

radiation as compared to CT.

(@

Figure 4.12: Patient with haematuria. (a) Axial contrast-enhanced CT, (b) MRI axial
T2, and (c) Post-gadolinium images shows a heterogenously enhancing right renal mass,
invading right renal vein and inferior vena cava (black arrows), which are consistent with
renal cell carcinoma, (d) diffuse weighted (DWI) MR image shows a mass and tumour
thrombus in the inferior vena cava with bright signal.
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Magnetic resonance imaging (MRI) is an alternative to CT for

specific patient populations:

= Allergies to iodinated contrast

» Special population where exposure to radiation should be
minimised — pregnant women and children

» Patients with impaired kidney function

Gadolinium-based agents are the most common contrast agent

used in MRI imaging, but there is a risk for nephrogenic sys-
temic fibrosis (NSF).

Nephrogenic systemic fibrosis

Nephrogenic systemic fibrosis (NSF) is a rare but painful and
devastating skin complication of gadolinium and can progress

to involve internal organs (muscle, heart, lung).

The dermopathy present with symmetric, dark red patches and
burning, itching, and severe pain over affected areas. It initially
involves the lower legs and forearms and progresses to peri-
articular tissue, which can lead to contractures and impaired
mobility.

Internal organs can be involved where scarring leads to a

restriction of individual organ function.

A diagnosis of NSF is made when there is a history of gadolin-
ium exposure and a diagnostic full thickness skin biopsy show-
ing thickened collagen bundles, mucin deposition, proliferation
of fibroblast, and elastic fibres but no sign of inflammation.

Prevention is the key, as there is no effective treatment for NSF.

ACR (American College of Radiology) classifies gadolinium-
based agents into 3 groups relative to the risk of NSF:

Group 1: Agents associated with the greatest number of NSF
cases — Omniscan®, Magnevist®, OptiMARK®
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Table 4.5: Guidelines for the Use of Gadolinium Contrast in Patients

with Kidney Diseases

Kidney Disease

Guideline

End-stage kidney disease
on dialysis

Patients with chronic
kidney disease (estimated
glomerular filtration rate
<30 mL/min/1.73 m?)

Review indication for an MRI scan with
gadolinium.

Explore alternative imaging modalities, e.g.,
contrast-enhanced CT.

Group I gadolinium contrast agents are
contraindicated.

If an MRI with gadolinium is needed, schedule

an MRI before the scheduled dialysis and use
group II gadolinium contrast agents.

Group I gadolinium contrast agents are
contraindicated — use group II agents instead.

No role to perform dialysis for the removal of
gadolinium contrast agent.

Group II: Agents associated with few, if any, unconfounded cases
of NSF — MultiHance®, Gadavist®, Dotarem®, Clariscan®,

ProHance®

Group III: Agents for which data remains limited regarding
NSF risk but for which few, if any, unconfounded cases of NSF
have been reported — Eovist® / Primovist®

e Patients with kidney disease are at high risk for NSF

(Table 4.5).

Nuclear renal scans or renal scintigraphy

e Scintigraphy provides functional and structural information

(Table 4.6).



Table 4.6: Types of Renal Scintigraphy

Type of Nuclear

Scintigraphy Clearance

Utility

Indication

Technetium-99m Analogous to inulin —
diethylenetriamine

pentaacetic acid (DTPA)

cleared by glomerular
filtration and is

not reabsorbed or
secreted by tubules

Technetium-99m- 95% cleared by proximal

labelled agent tubular secretion
mercaptoacetyltriglycine and thence useful
(MAG3) for patients with low

glomerular filtration
rates (5% cleared by
glomerular filtration)

Technetium-99m- Filtered by glomerulus
and reabsorbed —
binds and is retained
in proximal tubules of

the cortex

dimercaptosuccinic acid

(DMSA)

e Estimation of the
glomerular filtration rate

e Estimation of effective

renal plasma flow

e Higher extraction fraction

than DPTA, better for
imaging obstructed
kidneys or kidneys with

poor function

e Imaging of the kidney

cortex and parenchyma

e Not useful for the

evaluation of the
excretory function

e Imaging of kidney perfusion

e Imaging of kidney function,
especially in kidney donor

o Captopril renography (DPTA/
MAG3) — in renal artery stenosis, a
positive scan will show asymmetry of
size or function, delayed time to peak
activity, and cortical isotope retention

e Imaging of kidney function

o Generate renogram curves, which
show the transit of tracer through the
kidneys

e Evaluate for urinoma

o Evaluate the kidney cortex, such
as regions of cortical scarring or
pseudotumours

o Congenital abnormalities, e.g.,
horseshoe kidney or ectopic kidney

o Chronic pyelonephritis or
vesicoureteral reflux
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5 Sodium Disorders

Chapter

Cai Jiashen, Kwek Jia Liang

Introduction

e Sodium disorders, such as hyponatraemia and hypernatraemia,
reflect disruptions in the delicate balance of water and sodi-
um in the body. The kidneys, along with other osmoregulatory
mechanisms, play a central role in maintaining water and sodi-

um balance.

Sodium Balance

e The renin-angiotensin-aldosterone system (RAAS) and the
atrial natriuretic peptide (ANP) system are crucial in regulat-
ing sodium (Na*) levels and are influenced by extracellular fluid
(ECF) volume and effective arterial blood volume (EABV).

m  RAAS: When EABV decreases, renin is released, leading
to the production of angiotensin II. Angiotensin II then
stimulates the release of aldosterone from the adrenal

glands, promoting Na* reabsorption in the kidneys.
= ANP: When EABYV increases, ANP is released by the heart

and increases kidney excretion of Na' and inhibits the

effects of aldosterone.

W47
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Water intake 1-1.5 L/d — Plasma4L Fixed water excretion 0.5 L/d
5 Gapiltary membrane -+

Regulated by Thirst Insensible losses (stool, sweat, lungs)

Interstitial fluid 8 L

LT Celt e Variable water excretion
Kidney

Regulated by ADH

Intracellular Urine output 1-1.5 L/d

Cellular metabolism 0.3-0.5 L/d — 24 L

36 L TBW (60% of BW)

Figure 5.1: Normal water balance (assuming body weight of 60 kg)

Water Balance

e Water balance in the body involves the intricate interplay
between anti-diuretic hormone (ADH) and the sensation of
thirst (Figure 5.1).

m  ADH: ADH is produced by the hypothalamus and released
by the posterior pituitary gland in response to increased
serum osmolality or decreased EABV. ADH acts on the
renal-collecting ducts to increase water reabsorption.
Suppression of ADH release serves as a primary protective
mechanism against water retention and the development

of hyponatraemia.

m  Thirst: The sensation of thirst is triggered by the
hypothalamus in response to increased serum osmolality
or decreased EABV to increase water intake. Thirst serves
as a protective mechanism against water loss and the
development of hypernatraemia.
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Hyponatraemia
Definition

e An excess of water in relation to the body’s Na* stores

e Serum sodium concentration, Na* <135 mmol/L

Classification

Severity:

e Mild: 130-134 mmol/L

e Moderate: 125-129 mmol/L

e Severe: <125 mmol/L

Time/duration:
e Acute: <48 hours

e Chronic: 248 hours or unknown onset

Symptomatic vs. asymptomatic:

e Asymptomatic: Subtle impairments in mentation and gait, in-
creased risk of falls/fractures

e Symptomatic: Mild-moderate — headache, fatigue, lethargy,
nausea/vomiting, dizziness, gait disturbances, forgetfulness,
confusion, muscle cramps; Severe — seizures, obtundation,

coma, respiratory arrest
Tonicity:
e Hypotonic: Serum osmolality, S <275 mOsm/kg
e Non-hypotonic: S > 275 mOsm/kg
— Pseudohyponatraemia: Hyperlipidaemia, Paraproteinaemia

— Translocational: Hyperglycaemia, Mannitol, Glycine
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Hyponatraemia

Exclude Non-hypotonic Hyponatraemia
(Serum osmolality, Som)

!

Hypotonic
Hyponatraemia

Acute or -
Immediate
Severe Treatment
Symptoms?

Assess ADH Activity
(Urine osmolality, Ugsm)

! }

<100 mOsm/kg > 100 mOsm/kg

| Low ADH Activity | l
- Primary polydipsia
- Low solute intake
- Beer potomania

Assess EABV vs. Renallosses
(Urine sodium, Uy,)

|
) |

<30 mmol/L > 30 mmol/L

| Low EABV |

ECF expanded
- Heart failure
- Liver cirrhosis

Diuretics or
Kidney
disease?

- Nephrotic
syndrome - -
-D t
ECF reduced luretics ECF reduced
- Kidney disease - Vomiting

- Diarrhea/Vomiting
- Third Spacing

- Remote diuretics insufficiency

- Primary adrenal

- Renal salt wasting

- Cerebral salt
wasting

- Occult diuretics
ECF normal

- SIADH

- Secondary adrenal

insufficiency

- Hypothyroidism

- Occult diuretics

Figure 5.2: Algorithm for diagnosis of hyponatraemia
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Abbreviations: ADH: anti-diuretic hormone, EABV: effective
arterial blood volume, ECF: extracellular fluid, STADH: syndrome
of inappropriate anti-diuretic hormone

Source: Eur | Endocrinol (2014). 170(3): G1-G47. (ESICM, ESE,
ERA-EDTA Clinical Practice Guidelines).

Step-by-step approach

1. Exclude non-hypotonic hyponatraemia
(serum osmolality, S )

S,... <275 mOsm/kg: Hypotonic hyponatraemia

Osm
S > 275 mOsm/kg: Pseudohyponatraemia, translocational
hyponatraemia
Osmolar gap = Measured S| — Calculated S ;> 10 is sugges-
tive of additional osmolar substance (i.e., translocational hypo-
natraemia)

Calculated S| =2x[Na]+[Glu] +[Urea] (all units in mmol/L)

2. Assess ADH activity (urine osmolality, U, )
U, <100 mOsm/kg: Low ADH activity (e.g., primary polydip-

Osm
sia, beer potomania, low solute intake)
U, = 100 mOsm/kg: Presence of ADH activity (e.g., true

hypovolaemia, effective hypovolaemia, SIADH (Table 5.1),
hypothyroidism, adrenal insufficiency)

3. Assess effective arterial blood volume (EABV) vs. renal
losses (urine sodium, U )
U, <30 mOsm/kg: Low effective arterial blood volume
U, >30 mOsm/kg: Elevated Na* excretion — rule out diuretic
use or kidney disease

4. Assess extracellular fluid status
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Table 5.1: Diagnostic Criteria for Syndrome of Inappropriate
Antidiuretic Hormone Secretion

e Hypotonic hyponatraemia, serum osmolality (S, ) <275 mOsm/kg

e Euvolaemia

e Less than maximally dilute urine: U > 100 mOsm/kg

Elevated urine sodium excretion with lack of sodium retention: U > 30

mmol/L

Absence of severe kidney disease, cirrhosis, or heart failure
Absence of alternative causes of euvolaemic hypotonic hyponatraemia with
less than maximally dilute urine including but not limited to hypothyroidism,

glucocorticoid insufficiency, or diuretic use

Management

Acute or symptomatic hyponatraemia

e Hypertonic saline (3% NaCl) 1-2 mI/kg body weight per hour
(typically 50-100 mL)

e Monitor Na*every 2 hours, aim to increase in Na*by 1 mmol/L,
per hour (~4-6 mmol/L in the first 6 hours)

Chronic and asymptomatic hyponatraemia

¢ Treatment according to underlying cause

»  Euvolaemic (normal ECF) hyponatraemia: treat underlying
cause

»  Hypovolaemic (reduced ECF) hyponatraemia: volume
repletion with isotonic saline or balanced crystalloids

»  Hypervolaemic (expanded ECF) hyponatraemia: fluid
restriction * diuretics

m  SIADH: fluid restriction * increased solute intake (NaCl
tabs)

¢ Limit increase in Na"by 8 mmol/L in any 24-hour period

= Monitor Na*every 4-6 hours and urine output
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= In the event of over-rapid correction, consider re-lowering
Na*with electrolyte-free water + desmopressin (1-2 mcg

every 6 hours)
e Estimation of effects of infusate

m  A[Na]=([Na] + [K] —[Na]__ J/(TBW+1)

infusate infusate serum

Osmotic demyelination syndrome

e Acute demyelination in the setting of osmotic changes associat-
ed with rapid correction of hyponatraemia

e Risk factors: [Na] < 105 mmol/L, hypokalaemia, hypophospha-

taemia, alcoholism, malnutrition, liver disease

Hypernatraemia
Definition

e A deficit of water in relation to the body’s Na* stores

e Serum sodium concentration, Na* > 145 mmol/L

Classification
Time/duration:
m Acute: <48 hours

m Chronic: > 48 hours or unknown onset

Step-by-step approach

1. Assess ADH activity (urine osmolality, U, )
U, <600 mOsm/kg: Renal concentrating defect

Osm

U, <300 mOsm/kg: Pure water loss — Diabetes insipidus (DI)

Osr
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Hypernatraemia

Assess ADH Activity
(Urine osmolality, Ugsm)

v v
< 600 mOsm/kg > 600 mOsm/kg
defect concentrating abilit
<300 mOsm/kg 300-600 mOsm/kg Assess Sodium Excretion
. . Urine sodium, U
Diabetes insipidus - Natriuretic { o)
diuretics (Loop
l diuretics)
Desmopressin - Osmotic diuresis
(DDAVP) trial Llvbetelicaea)
- Partial DI
Increase in Uggm Unchanged Uggp, <25 mmol/L >100 mmolL/L
Central Nephrogenic - Inadequate water - Excessive Sodium
- Trauma, Surgery - Hypercalcaemia intake intake
- Tumour, Infiltrative - Drugs, e.g., Lithium - Water losses (Gl or
disease - AKI, CKD, Cystic Insensible)
- Infection kidney disease
- Congenital

Figure 5.3: Algorithm for diagnosis of hypernatraemia

U, 300-600 mOsm/kg: Driven by natriuretic diuresis or
osmotic diuresis — Loop diuretics, hyperglycaemia; partial DI

U,,. > 600 mOsm/kg: Preserved renal concentrating ability

2. If U, <300 mOsm/kg, desmopressin (DDAVP) trial

Differentiate central/neurogenic vs. nephrogenic DI

3. If U, > 600 mOsm/kg, assess sodium excretion (urine
sodium, U_ )
U, < 25 mmol/L: inadequate water intake, extrarenal hypo-
tonic fluid losses (gastrointestinal or insensible)
U, > 100 mmol/L: excessive sodium intake
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Management

e Address underlying cause — Specific treatment for underlying
cause (e.g., correction of electrolyte abnormalities, hypergly-
caemia, desmopressin for central DI, stop water/fluid losses,

restore access to water)
e Assess free water deficit

Free water deficit = Total body water x ([Na] — 140)/140 (all
units in mmol/L)

Will need to account for ongoing free water losses
e Determine rate of correction
= Acute: Aim for Na*decrease by 1 mmol/h
m  Chronic: Limit Na* decrease by 10 mmol/24h (~0.5 mmol/h)
m  Estimation of effects of Infusate

A[Na] = ([Na] +[K] . . —[Na]
+ 1) (all units in mmol/L)

)/(Total body water

infusate serum

e Monitor Na*every 4-6 hours and urine output
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Chapter

Potassium Disorders

Nigel Fong, Kwek Jia Liang

Potassium Balance

Total body potassium (K*) stores are about 55 mmol/kg and
distributed mainly intracellularly (98%), with extracellular K*
(2%) concentration tightly regulated within the narrow range
of 3.5-5.0 mmol/L.

The average daily dietary intake of K*ranges between 2500 and
3500 mg/day. About 90% is excreted in the urine while 10% is

excreted in the stool and sweat.

K* uptake into the intracellular compartment is stimulated by:

» insulin (facilitating post-meal uptake of dietary K¥)

m catecholamines (enabling cellular uptake of K* released by
exercising the muscles)

m  beta-agonism (e.g., nebulised salbutamol)

In the kidney, K* is freely filtered and almost completely

reabsorbed. Regulation of K* levels occur in the aldoste-

rone-sensitive distal nephron, hinging on the balance between

mineralocorticoid activity and sodium delivery to the tubular

lumen of the distal nephron (Figure 6.1).

In physiologic states, aldosterone activity and distal sodium

delivery move in opposite directions such that K* homeostasis

is unaffected.

57
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Aldosterone
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Figure 6.1: Key Channels involved in potassium homeostasis

For instance, hypovolaemia stimulates the renin-angjotensin-
aldosterone system while simultaneously increasing proximal
sodium reabsorption, hence decreasing distal sodium
delivery. The increase in aldosterone activity stimulates
sodium reabsorption through the epithelial sodium channel
(ENaC), which is coupled to increased K* secretion through
the renal outer medullary potassium (ROMK) channel.

Conversely, the decrease in distal sodium delivery
decreases sodium reabsorption through the ENaC and
decreases K* secretion through the ROMK channel, which
counterbalances the effect of an increase in aldosterone
activity.

Hence, salt and water retention occur without affecting K*

homeostasis.

e It is only in pathologic states, when aldosterone activity and

distal sodium delivery move in parallel, that abnormal K*

homeostasis occurs.



Potassium Disorders 59

K* = 2.2 mmol/L. Note T wave
Tilip - flattening and appearance of
U waves.

Figure 6.2: Electrocardiographic Changes of Hypokalaemia

Figure used with permission: Fong N, Algorithms in Differential Diagnosis, 2019.

e An additional factor affecting renal K* homeostasis is mag-
nesium. The ROMK channel is physiologically inhibited by
intracellular Mg*. In hypomagnesaemia, K* efflux through the
ROMK channel is uninhibited, leading to hypokalaemia.

Hypokalaemia

e Mild hypokalaemia (K* 3.0-3.5 mmol/L) is common and fre-
quently asymptomatic.

e Severe hypokalaemia may cause cardiac instability (Figure 6.2),
gastrointestinal dysmotility, skeletal muscle weakness, and rhab-
domyolysis.

e Chronic hypokalaemia may lead to interstitial nephritis and
chronic kidney disease.

Approach

e Mechanisms of hypokalaemia include:

m cellular shifts — for instance in insulin administration, beta

adrenergic stimulation, or hypokalaemic periodic paralysis
m  reduced K* intake
m gastrointestinal losses such as in diarrhoea, or

m  renal K" losses
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A stepwise approach to the diagnosis of hypokalaemia

(Figure 6.3) can be taken.

1.

The first step is to exclude pseudohypokalaemia, as occurs in
patients with marked leukocytosis, in whom uptake of K* by
metabolically active cells may occur in the sample tube follow-
ing blood collection.

Take a careful history for a cause of hypokalaemia as the latter
is often apparent from the clinical history — for instance, in a
patient with profuse diarrhoea.

If a cause is not apparent, proceed with further workup. The
first dichotomy is between renal and non-renal K* loss, which
can be distinguished with a spot urine K* /creatinine ratio or
24-hour urine K* levels. In the setting of hypokalaemia, a spot
urine K* /creatinine ratio of >1.5 or 24-hour urine K* secretion
of >15 mmol suggests inappropriate renal K* wasting.

If there is inappropriate renal K* wasting, distinguish between
these three distinct patterns based on volume and blood pres-
sure, as well as acid/base status.

I. Hypertension and/or volume expansion: This is a pri-
mary increase in aldosterone activity that is not in response to
hypovolaemia. This increases sodium absorption through the
ENaC, leading to hypertension, hypokalaemia, and metabolic
alkalosis. The defect lies along the renin-angiotensin-aldoste-
rone axis and can be further distinguished by plasma renin

activity and aldosterone levels:

m High Renin, Low Aldosterone — Increase in renin activity,

e.g., renal artery stenosis
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» Low Renin, High Aldosterone — Increase in aldosterone
activity, e.g., Conn’s syndrome

m Low Renin, Low Aldosterone — Non-aldosterone stimula-
tion of the ENaC, e.g., steroid excess (exogenous steroids
or endogenous Cushing’s syndrome), constitutional ENaC

activation (Liddle’s syndrome)

I1. Hypokalaemia with low-normal blood pressure and
metabolic acidosis. This is the hallmark of renal tubular aci-
dosis (RTA). RTA arises from impaired bicarbonate reclama-
tion in the proximal tubule (Type II) or impaired H* excretion
in the distal tubule (Type I). The mechanism of hypokalaemia
is increased distal sodium delivery, which accompanies bicar-
bonate losses. RTA may be associated with drugs, autoimmune
disease, or paraprotenaemia. Type II RTA may also manifest as

a generalised proximal tubulopathy (Fanconi’s syndrome).

II1. Hypokalaemia with low-normal blood pressure and
metabolic alkalosis. This represents a primary increase in dis-
tal sodium delivery. Causes can be distinguished by the urinary

chloride level:

m Spot urinary chloride >20 mmol/L: loop diuretics (and its
genetic parallel Bartter syndrome), thiazide diuretics (and
Gitelman syndrome), or hypomagnesaemia (which both
inhibits thick ascending limb sodium absorption and leads to
unopposed K* efflux through the ROMK channel).
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m Spot urinary chloride <20 mmol/L: non-reabsorbable
anions such as bicarbonates (in the setting of alkalosis due
to vomiting or high nasogastric aspirates), ketoanions, or
anionic drugs such as penicillins. This anion would be
accompanied by an increase in distal sodium delivery to

maintain charge balance.

Management

Hypokalaemia is treated by correcting the underlying cause
along with K* replacement.

The K* content of common K*' replacements is given in

Table 6.1.

Intravenous replacement is recommended where K*

<2.8 mmol/L or in the presence of ECG changes.

Tips on correcting potassium:

Table 6.1: Common Potassium Replacements

Replacement K content Notes

IV potassium chloride  10-20 mmol in 100 mL of Concentrations >10

5% dextrose mmol/100 mL
require infusion
through a central
Venous access

Oral span K tablet 8 mmol per 600 mg tablet
Oral mist KCl liquid ~ 13.4 mmol per 10 mL

solution

Oral potassium citrate  27.8 mmol per 10 mL Also provides alkali

solution buffer
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m Patients with normal kidney function often require consid-
erable replacement as total body K* potassium deficits may
be quite large — each 0.1 mmol/L decrease in serum K* is
estimated to reflect a 3040 mmol decrease in total body K*
stores.

m Conversely, patients with impaired K* excretion (especially
patients on dialysis) should receive conservative doses of K*
as over-replacement can lead to hyperkalaemia.

m If there is hypomagnesaemia, magnesium should be re-
placed before or alongside K*. Otherwise, serum K* may fail
to rise with replacement due to continued K* losses through
the ROMK channel.

m If there is concomitant hypokalaemia and acidosis, correct
K* before acidosis as correction of acidosis will lead to K*
shifts into the intracellular compartment, which risks fur-
ther falls of serum K* levels. In patients with RTA, potas-
sium citrate is ideal to both provide K* replacement and

correct acidosis.

= Some patients have an underlying etiology of chronic
hypokalaemia that cannot be resolved and may require
high doses of long-term K* replacements. Such patients
may benefit from small doses of ENaC blockers (e.g., ami-
loride 2.5 mg or 5 mg daily) to reduce K* efflux through the
ROMK channel.

Hyperkalaemia
Definition

e Hyperkalaemia is a serum K* of more than 5 mmol/L.
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%mﬁuk(b Yy

(a) Hyperkalaemia, K* =7.0 mmol/L.Recognise  (b) As K* rises further to 9.0 mmol/L, the QRS
the tall tented T waves. complex widens, a bundle brunch block devel-
ops and P waves disappear.

Figure 6.4: ECG changes in hyperkalaemia
(Figure used with permission: Fong N, Algorithms in Differential Diagnosis, 2019.)

e Hyperkalaemia leads to cardiac depolarisation, manifest-
ing as tented T waves, QRS widening, and eventual asystole
(Figure 6.4). It can also lead to neuromuscular weakness.

e Arapid rate of rise in K* levels is less well tolerated than chronic

hyperkalaemia.

Principles

e The kidney has a large capacity to excrete K*. In fact, in
healthy individuals, a high-potassium—low-sodium diet reduces
blood pressure and cardiovascular events, with no untoward

hyperkalaemia.

e Chronic hyperkalaemia arises in the setting of reduced renal
capacity for K* excretion, such as in chronic kidney disease or in
situations of decreased aldosterone activity or decreased distal

sodium delivery (see the preceding chapter on hypokalaemia).

e Superimposed insults may include increased dietary K* intake

or cellular shifts.
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(Figure used with permission: Fong N, Algorithms in Differential Diagnosis, 2019.)
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Step-by-step approach

A stepwise approach to diagnostic workup of hyperkalaemia is as

follows:

1. Exclude pseudohyperkalaemia

This occurs when blood is haemolysed during specimen collec-

tion (most laboratory systems indicate sample haemolysis) or due

to ex-vivo cellular lysis in patients with severe leukocytosis or

thrombocytosis.

2. Look for any causes of cellular shift of potassium. These

include:

Metabolic acidosis
Insulin deficiency, as in diabetic ketoacidosis
Drugs e.g., alpha agonists (phenylephrine), succinylcholine

Cell lysis, as occurs in tumour lysis syndrome, massive

haemolysis, organ ischaemia, and rhabdomyolysis.

3. Inquire the cause of reduced renal potassium excretion

Most patients will have acute kidney injury (AKI) or
chronic kidney disease (CKD). The risk of hyperkalaemia
is inversely proportional to the glomerular filtration rate
(GFR) and is typically seen below a GFR of 20-30 mL/
min/1.73 m2.

However, hyperkalaemia may develop with higher levels of
GFR due to Type IV renal tubular acidosis, ahypoaldosteronic
state which occurs in diabetic nephropathy, chronicinterstitial

nephritis, or obstructive uropathy.

Rarely, hyperkalaemia may occur in patients with normal
renal function due to genetic defects in the ENaC, leading to
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reduced mineralocorticoid effect (pseudohypoaldosteronism
Type I), or in the WNK4 channel (pseudohypoaldosteronism
Type 11, also known as Gordon syndrome).

4. Search for additional insults that precipitate hyperkalae-
mia, especially in CKD patients who previously had sta-
ble potassium levels. Such insults may include:

m  Superimposed AKI or progression of CKD

m Increased dietary K* intake

m  Medications that inhibit aldosterone activity, particularly
nonsteroidal anti-inflammatory drugs, calcineurin inhibitors,
angiotensin-converting enzyme inhibitors and angiotensin

receptor blockers, and mineralocorticoid receptor antagonists

m  Drugs that inhibit renal K* secretion, such as trimethoprim

Management

1. Correct hyperkalaemia emergently if K >6 mmol/L or if
there are ECG changes:
m  Calcium gluconate (10 mL of a 10% solution) to stabilise
cardiac myocytes.
m Insulin (10 units) with dextrose (40 mL) to shift K* into
cells. This buys temporary reprieve but does not remove
K* from the body.

m  Potassium binding resins such as sodium polystyrene
sulfonate (resonium, 10-15 g q6-8h) or sodium zirconium
cyclosilicate (lokelma, 10 ¢ TDS ¢8h). Sodium zirconium
has a more rapid onset than resonium, but may be more

costly.
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Dialysis should be undertaken if medical therapy fails or if
K* is anticipated to rise rapidly as in cases of tumour lysis

syndrome, crush injury, or severe oliguric acute kidney

injury.

2. Once the patient is stabilised, consider measures to pro-

mote normokalaemia:

m  Reduce dietary K* intake and stop K' supplements,
if any.

= Avoidance of drugs that predispose to hyperkalaemia.

m  Correction of metabolic acidosis — patients with CKD
should be given oral sodium bicarbonate supplementation
aiming for a serum bicarbonate of >22 mmol/L.

m  Chronic loop or thiazide diuretic therapy if indicated (this
will also increase K* excretion).
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7 Calcium Disorders

Chapter

Kog Zheng Xi, Wong Jiunn

Calcium Balance

e Total body calcium (Ca*) stores are ~1000 g with ~99% in
bone, 0.9% intracellular, and 0.1% extracellular.

e Average dietary intake of Ca®* is 500—1000 mg/day — % excreted
in stools and % in urine.

e Extracellular Ca?* is measured as total calcium (45% free/
ionised calcium and physiologically active; remaining 10%
anion-bound, 45% albumin-bound); systemic acidosis decreas-
es calcium binding to albumin — increasing serum levels while
alkalosis has an opposite effect.

e Ca¥is regulated by (i) parathyroid hormone (PTH), (ii) vitamin D;
physiologic role of other regulatory hormones such as calcitonin,

oestrogens, and prolactin are unclear.

Parathyroid Hormone

e PTH is a protein made from 84 amino acids; initially cleaved
from pre-pro PTH — pro PTH — PTH within the parathy-
roid gland and then secreted/catabolised into N-terminal
(active) and C-terminal fragments (also referred to as “7-84”

fragments).

m71
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e PTH has several functions as follows:

Increases Ca** reabsorption (and decreased phosphate (PO?")
reabsorption) in the distal convoluted tubules. However, in
disease states like primary hyperparathyroidism, hypercalciuria
can occur as a result of systemic hypercalcaemia.

Increases bone resorption (numerous mechanisms)

Indirectly increases intestinal absorption of Ca®* by
enhancing 1-hydroxylation of 25(OH) vitamin D to
1,25(OH), vitamin D in the kidneys

e PTH secretion is regulated by changes in the Ca** level:

Hypocalcaemia (lowering of ionised Ca** — calcium-sensing
receptor [CaSR] inactivation — PTH release), vitamin D
deficiency (loss of inhibition), hyperphosphataemia and

severe hypomagnesemia — stimulate PTH secretion

Hypercalcaemia (inhibitory effect on PTH secretion via
CaSR activation), vitamin D excess (inhibitory effect on
PTH secretion via vitamin D receptor in parathyroid gland)
— inhibit PTH secretion

Vitamin D

Main sources of vitamin D are dietary (D, ergocalciferol) and
skin (via conversion of 7 dehydrocholesterol by UV light to D,
cholecalciferol).

D, and D, carried by D-binding protein to the liver and 25-
hydroxylated to 25(OH)D.

25(OH)D is subsequently 1-hydroxylated by 1-a-hydroxylase in
the kidney to 1,25(0H),,D (calcitriol).

Vitamin D has several functions:

Increases mineralisation and enhances osteoclast activity

in the bone
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= Increases Ca®>* and phosphate (PO}") absorption in the
intestines
» Inhibits PTH secretion via vitamin D receptors in
the parathyroid gland; vitamin D deficiency — PTH
secretion — enhanced 1-a-hydroxylase activity — increased
1,25(0OH),D production
e Vitamin D 1l-a-hydroxylase activity is increased with hypocalcae-
mia, hypophosphatemia, and vitamin D deficiency/PTH secretion.

Hypocalcaemia

Introduction

e Hypocalcaemia can be spurious (due to hypoalbuminaemia) or
due to a change in ionised Ca*". For example, alkalosis increas-
es the binding of calcium to albumin and lowers the serum ion-
ized calcium concentration.

e (Ca? absorption in the gastrointestinal tract (GIT) is a selective
process — only 25% total dietary Ca** is absorbed under normal
conditions; calcitriol is the most important regulatory hormone
for Ca** absorption — calcitriol binds to vitamin D receptors in
the GIT — increases active transport of Ca**; amount of dietary
Ca* intake regulates the proportion of GIT Ca* absorption

e Calcium reabsorption in the kidney is increased by extracellu-
lar volume contraction, hypocalcaemia, PTH, and PTHrP

= 50-60% in the proximal convoluted tubule

= 3-10% in the proximal pars recta of the loop of Henle

»  20-25% in the thick ascending limb of the loop of Henle
= 5-10% in the distal convoluted tubule

»  <2% in the collecting tubule

»  1-3% excreted



74 The Kidney Book

Table 7.1:
High Plasma PO4*-

Aetiology of Hypocalcaemia

Low Plasma PO43*- Others

1. Hypoparathyroidism 1. Post-parathyroidectomy 1. Hypomagnesaemia

— Post-surgical or hungry bone syndrome 2. Sequestration

— Post-radiation
— Infiltrative disorders,
e.g., amyloidosis
— Congenital/hereditary
— Autoimmune
2. Pseudohypoparathyroidism
3. Pseudohypoparathyroidism
or Albright hereditary
osteodystrophy
— short neck

2. Vitamin D deficiency

— malnutrition

— malabsorption, e.g.,
post-gastrectomy,
primary biliary
cirrhosis, intestinal
Ca® malabsorption

— Decreased 25 (OH) D
production e.g., liver
disease, anticonvulsant

— hyperphosphataemia
e.g. rthabdomyolysis,
tumour lysis
syndrome, kidney
impairment

— acute pancreatitis

— round face — Decreased 1,25 (OH),
— short metacarpal Production e.g.,
— end-organ resistant to
PTH
4. AKI or CKD

kidney impairment,
Type I vitamin
D-dependent rickets
— Resistance to calcitriol
(Type II vitamin
D-dependent rickets)

Abbreviations: AKI, acute kidney injury; CKD, chronic kidney disease; PTH, parathyroid hormone

Diagnosis
e Symptoms of hypocalcaemia
» Perioral/peripheral numbness/paraesthesia, muscle cramps/
carpal-pedal spasm/tetany
= Chvostek’s sign — twitching of the facial muscle upon
tapping the area innervated by the facial nerve
» Trousseau’s sign — carpopedal spasm during inflation of
blood-pressure cuff to above systolic pressure for 3 minutes
e History suggesting possible aetiology
= Previous thyroid, parathyroid, or neck surgery
= Previous neck radiation therapy

» Underlying autoimmune disorders
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History of renal impairment
History of GI surgery
History of obstructive jaundice, pruritus

History of steatorrhea +/— symptoms related to malabsorption
of other fat-soluble vitamins (e.g., vitamin A — night
blindness, vitamin K — bruising)

Risk factors — lack of sunlight, low dietary intake of
calcium and vitamin D

Family history

e Investigations

Serum calcium, phosphate, albumin
Ionised serum calcium

Serum magnesium

iPTH assay

25(0OH) vitamin D levels

Management

e Immediate management of hypocalcaemia

Address  causes of acute respiratory alkalosis/
hyperventilation — if functional, breathing into paper bag

(CO, retention) may suffice.

Intravenous (IV) calcium gluconate 10% 10 mL infusion
administered rapidly over 10 minutes (as opposed to routine
infusion over 1 hour) in the event of severe, symptomatic
hypocalcaemia followed by additional doses subsequently;
calcium gluconate preferred to calcium chloride which can
lead to extensive skin necrosis in the event of accidental

extravasation.
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e Management of chronic hypocalcaemia

Post-meal per oral (PO) calcium supplements, administered

at least 2 hours away from meals, dose 14 g/day

Elemental calcium content of calcium carbonate (CaCO,)
is 40% whereas elemental calcium content of calcium
acetate is 25%

Correction of hypomagnesaemia
Vitamin D supplementation

Consider the use of thiazide diuretics

e Management of hypocalcaemia secondary to hypoparathy-

roidism

Activated vitamin D options include PO/IV calcitriol 0.25-
1.5 pg per day or PO/IV 1-a-hydroxycholecalciferol/alfacal-
cidol 0.25-3.0ugper day; need to monitor for hypercalcaemia/

hypercalciuria — nephrolithiasis/nephrocalcinosis

Consider the use of thiazide diuretics to reduce urinary

calcium concentration, in conjunction with salt restriction

and high fluid intake

Hypercalcaemia

Aetiology of hypercalcaemia

e Primary hyperparathyroidism (55%)

Parathyroid adenoma (>80% of cases of primary
hyperparathyroidism)
Parathyroid hyperplasia (10-15% of cases of primary
hyperparathyroidism)
Parathyroid adenocarcinoma (<5% of cases of primary

hyperparathyroidism)



Calcium Disorders 77

Multiple endocrine neoplasia (MEN) syndrome —
in particallar MEN-1 (parathyroid, anterior pituitary,
enteropancreatic, and other endocrine tumours; inactivating
germ-line mutations of a tumour suppressor gene with
autosomal dominantinheritance) and MEN-2A (parathyroid,
thyroid medulla, and adrenal medulla tumours; activating
mutations of the RET proto-oncogene with autosomal

dominant inheritance)

e Malignancy-related (35%)

Parathyroid hormone related peptide (PTHrP) — lung,
oesophagus, head and neck, renal cell, ovary, bladder

Bone metastases — local osteolysis — breast and multiple

myeloma

Ectopic production of 1,25-dihydroxyvitamin D - lymphoma

e Tertiary hyperparathyroidism (usually in the setting of end-

stage renal failure)

e Endocrine disorders — thyrotoxicosis, acromegaly, pheochro-

mocytoma

e Medications

Thiazide diuretics
Lithium
Calcium supplements (milk-alkali syndrome — usually

ingestions of large amounts of calcium carbonate, e.g.,

excessive use of antacids)
Vitamin D supplements

Vitamin A supplements

e Prolonged immobilisation

e Granulomatous disorders — sarcoidosis
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e Genetic disorders

Familial hypocalciuric hypercalcaemia (inappropriately
low urine calcium excretion in the setting of high-normal
serum calcium; inactivating mutations in the gene for
calcium sensing receptor (CaSR) with autosomal dominant
inheritance)

Jansen’s metaphyseal chondrodysplasia (rare skeletal
dysplasia disorder, “dwarfism”, mutations in the PTH

receptors with autosomal dominant inheritance)

Diagnosis

e Symptoms of hypercalcaemia (“painful bones, renal stones,

abdominal groans, and psychic moans”)

Musculoskeletal symptoms — generalised myalgia,
muscle weakness, bone pain; depending on underlying
aetiology — risk of osteoporosis and pathological fractures
Renal and urinary symptoms — flank pain, haematuria,
nocturia, polyuria, thirst; depending on underlying
aetiology — risk of nephrolithiasis and nephrocalcinosis

Gastrointestinal symptoms — mnausea, constipation,
abdominal pain; hypercalcaemia can lead to peptic ulcer

disease and pancreatitis

Neurological symptoms — headache, altered mentation
(confusion, somnolence, and rarely coma)
Electrocardiographic signs — in setting of severe
hypercalcaemia, prolonged PR interval, short QT interval,
widening of QRS complexes, and bradycardia

e History of underlying aetiology

Localising symptoms and signs of malignancy
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Constitutional symptoms
Medication use — thiazide diuretics and lithium

Family history

° Investigations

Serum Ca®*, phosphate, albumin

Correction of total serum Ca?* measured when there is
abnormal low or high serum albumin levels = [(normal
serum albumin usually taken as 40 g/L, — patient’s serum
albumin, e.g., 30 g/L.) x 0.02] + current measured total

serum Ca?*
Serum-ionised Ca*

Intact parathyroid hormone (iPTH) assay is a 2nd-
generation immunoassay that detects capture antibodies
against epitopes located within the C-terminal and
detection antibodies directed to amino acid sequences
12-20 within the amino terminal end — assumes that it
captures intact PTH 1-84; cross-reactivity with PTH 7-84
fragments that accumulate in patients with CKD — over-
estimation of iPTH

High-normal or high levels of PTH in the setting of
hypercalcaemia — primary hyperparathyroidism
25(0OH) vitamin D levels

24-hour urine Ca* and creatinine (paired with serum Ca*
and creatinine) — calculate Ca?* to creatinine clearance
(CrCL) ratio to differentiate familial hypocalciuric
hypercalcaemia (FHH) from primary hyperparathyroidism
Ca* /CrCL Ratio = e crommanine: Ca® /CrCL
ratio <0.01 in ~80% of patients with various forms of
FHH whereas Ca* /CrCL ratio >0.02 in most patients

with primary hyperparathyroidism (NOTE: some patients
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with primary hyperparathyroidism, particularly those with
concomitant vitamin D deficiency, may have Ca* /CrCL
ratio <0.01)

24-hour urine Ca?* can be used to determine the risk of
nephrolithiasis and need for surgical intervention in cases
of primary hyperparathyroidism

Ultrasound or computer tomography scan of the neck
(US neck or CT neck to identify parathyroid adenoma)
+/— parathyroid scintigraphy in cases of suspected primary
hyperparathyroidism

Consider malignancy screening and parathyroid hormone-
related peptides (send-out test) in cases of suspected
malignancy-related hypercalcaemia

Management

e (lassification of hypercalcaemia

Mild — total serum Ca 2.5-3 mmol/L or ionised serum Ca
1.4-2.0 mmol/L

Moderate — total serum Ca 3-3.5 mmol/L. or ionised
serum Ca 2.0-2.5 mmol/L

Severe — total serum Ca >3.5 mmol/L or ionised serum Ca
>2.5 mmol/L

e Immediate management of severe, symptomatic hypercalcae-

mia

Cessation of causative medications — calcium supplements,

vitamin D supplements, thiazide diuretics
Strict input-output (I0) charting
IV fluids to correct volume depletion, reduce proximal

tubule calcium reabsorption, and enhance calcium excretion
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SC or IV inhibitors of osteoclast-mediated bone resorption

Subcutaneous (SC) administration of calcitonin, dose
4 units/kg q12 hourly but can be increased to 8 units/
kg 6-12 hourly, limit total duration of therapy to
2448 hours due to rapid development of tachyphylaxis

IV bisphosphonates, options include IV pamidronate
15-90 mg over 1-3 days (diluted in isotonic saline or
dextrose and infused over at least 2 hours) or IV zole-
dronate 4 mg once (diluted in isotonic saline or dex-
trose and infused over at least 15 minutes) — exercise
caution with patients with moderate to severe kidney
impairment (CrCL <35 mL/min).

Contraindications to bisphosphonates (e.g., severe
kidney impairment or bisphosphonate allergy)

SC denosumab 60-120 mg — no kidney dose adjust-
ment but close monitoring of serum Ca®* is required
because denosumab is associated with a higher risk of
hypocalcaemia than bisphosphonates

Consider kidney replacement therapy for patients with:

Serum Ca 4.5-5.0 mmol/L and neurologic symptoms

who are haemodynamically stable

Severe hypercalcaemia along with severe kidney
impairment or heart failure (which prevents adminis-

tration of IV hydration due to risks for fluid overload)

e Management of primary hyperparathyroidism-related hyper-

calcaemia

Avoid high calcium diet >1000 mg/day but maintain

moderate calcium intake 800-1000 mg/day and moderate

vitamin D intake 400-800 IU/day to maintain a serum
25(OH)D level of at least 20-30 ng/mL
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Avoid medications that can aggravate hypercalcaemia,
e.g., thiazide diuretics, lithium, calcium supplementation,
vitamin D supplementation (very small risk of exacerbating
hypercalcaemia/hypercalciuria — if desired to do so

cautiously)
Avoid volume depletion, prolonged bed rest/immobility

Calcimimetics, options include PO cinacalcet 25-50 mg/
day; common adverse drug reactions include nausea,
vomiting, abdominal pain, musculoskeletal pain

Surgical ~parathyroidectomy in symptomatic disease
(symptomatic hypercalcaemia nephrolithiasis, fractures). It
is the definitive care and will decrease risk of nephrolithiasis,
improve bone mineral density, reduce risk of fracture, and

improve quality of life.

e Management of granulomatous disorder related hypercal-

caemia — corticosteroids, options include PO prednisolone

0.5-1.0 mg/kg/day to decrease macrophage synthesis of

calcitriol
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Chapter

Magnesium Disorders

Kog Zheng Xi, Wong Jiunn

Magnesium Balance

Magnesium (Mg?*) is not routinely measured in clinical prac-
tice and is called the “forgotten” cation. However, it is the sec-
ond most common intracellular cation after K* and is important

in many cellular functions.

Approximately 21-28 g of Mg?* is contained in the human body
with most of it being intracellular (50-60% of total body Mg**
in bone, 30% in muscle, and 10-20% in other tissue). Less than

1% is in extracellular fluid, mostly as free ionised Mg.

Food containing Mg** includes vegetables, seafood, and nuts.
The recommended daily Mg?** intake is 420 mg for men and

320 mg for women.

Magnesium (Mg**) homeostasis is dependent on intestinal ab-

sorption and kidney reabsorption of Mg?*:

Intestinal Absorption

Electrochemically driven paracellular and solvent-driven cellu-
lar uptake in the small intestine and uptake through transient
receptor potential melastatin cationic channel 6 and 7 (TRPM6
and TRPM7) in the large intestine.

M s3
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Mg®* intestinal absorption is dependent on Mg* intake —
increasing when dietary intake of Mg* is low and decreasing
when intake of Mg** is high.

Kidney Absorption

The kidney is the main organ maintaining Mg>* balance where
volume contraction and hypomagnesaemia stimulate Mg** ab-
sorption.

70% of Mg*" is filtered by the glomeruli but most is absorbed
by the tubules — proximal tubule (30%), thick ascending loop
of Henle (60%), distal convoluted tubule (10%).

Hypomagnesaemia

Hypomagnesaemia (Table 8.1) is more common than hyper-
magnesaemia. Magnesium deficiency usually does not result
from poor dietary intake alone, although prolonged/severe di-
etary magnesium restriction <0.5 mmol/day can eventually pro-
duce severe/symptomatic magnesium deficiency.

Hypomagnesaemia can be associated with Hypocalcemia (de-

creased release of parathyroid hormone and end-organ respon-

siveness) and hypokalaemia (urinary losses).

Diagnosis

Symptoms of hypomagnesaemia are usually only present in cas-

es of severe hypomagnesaemia:

» Neurological — Generalised weakness, neuromuscular
hyperexcitability with hyperreflexia, carpopedal spasms,

tremors, altered mentation, seizures, rarely tetany



Table 8.1:

Causes of Hypomagnesaemia

Redistribution from
Extracellular to
Intracellular Fluids

Significant
Reduction in
Dietary Intake

Reduced
Gastrointestinal
Absorption

Renal Losses

Drugs

e Insulin treatment
e Correction of
metabolic acidosis
e Hungry bone
syndrome post-
parathyroidectomy
e Catecholamine
excess state, e.g.,
alcohol withdrawal
e Acute pancreatitis
e Excessive lactation

Starvation
Chronic
alcoholism
Prolonged post-
operative state,
particularly

in patients on
nasogastric tube
feeding without
magnesium
supplements

Chronic diarrhoea
with malabsorption
and steatorrhea, e.g.,
celiac disease
Diffuse bowel injury,
e.g., inflammatory
bowel disease
Primary intestinal
hypomagnesaemia
with secondary
hypocalcaemia
Small bowel
resection/bypass
surgery
Intestinal/biliary
fistula

Use of proton pump
inhibitors

Non-Mg?* laxative
abuse

Alcohol-induced tubular
dysfunction
Hypercalcaemia

Poorly controlled diabetes
Recovery phase of acute
tubular necrosis

Volume expansion
Genetic disorders,

e.g., Bartter/Gitelman
syndrome, familial
hypomagnesaemia

with hypercalciuria

and nephrocalcinosis,
autosomal dominant/
recessive isolated
hypomagnesaemia

Acute intermittent
porphyria associated with
inappropriate vasopressin
secretion

Loop and
thiazide diuretics
Aminoglycosides
Amphotericin B
Cisplatin
Pentamidine
Cyclosporine

G sIaplosiq wnisaubeyy
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Cardiovascular — Electrocardiogram (ECG) changes
include prolonged QT interval, ST depressions with
predisposition to ventricular arrhythmias, and potentiation
of digoxin toxicity

e A thorough history may often reveal the underlying aetiology of

hypomagnesaemia.

° Investigations:

Serum and urine Mg** — calculate fractional excretion of

rnagnesium (FEMg) _ urineMg X serumCr

Renal panel
Calcium/phosphate
Albumin

ECG

Management

Immediate management of hypomagnesaemia

IV magnesium sulfate 1-2 ¢ administered as rapid infusion over

15 minutes (alternatively over 1 hour) followed by additional doses

subsequently.

Management of chronic hypomagnesaemia

Dietary modifications — nuts (almonds, cashews, peanuts),

rice, cereal, bran flakes, oatmeal, wheat bran, yogurt, spinach,
halibut

Administration of magnesium supplements

Correct hypocalcaemia

Consider use of potassium-sparing diuretics (e.g., amiloride,

triamterene) in patients with diuretic-induced hypomagnesae-

mia or renal losses
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Hypermagnesaemia
e Hypermagnesaemia (>1.1 mmol/L) is uncommon — symptoms
include nausea/vomiting, lethargy, headaches, and flushing.

e Severe hypermagnesaemia (>3.0 mmol/L) is associated with
bradycardia, hypotension, paralysis, coma, and ECG changes
(e.g., prolonged PR, QRS, and QT interval). Cardiac arrest and

asystole may ocCcur.

e Management of hypermagnesaemia involves searching (thence
removing) an underlying cause (Table 8.2) and treatment when

there are neurological and/or cardiovascular complications:
» Usually requires admission to the intensive care unit

» IV calcium gluconate to stabilise neurological and

cardiovascular function
= [Vsaline
= IVloop diuretics

» Haemodialysis if kidney function is impaired or there are

severe complications of hypermagnesaemia

Table 8.2: Causes of Hypermagnesaemia

e Kidney disease
e Magnesium infusion
e Massive oral ingestion
e Magnesium enemas
e Miscellaneous — usually mild hypermagnesaemia
— primary hyperparathyroidism
— familial hypocalciuric hypercalcaemia
— hypercatabolic states (e.g., tumour lysis syndrome)
— lithium ingestion
— milk-alkali syndrome

— adrenal insufficiency

Source: Reddy ST, Soman SS and Yee J (2018). Magnesium balance and measurement. Adv Chronic
Kidney Dis 25(3): 224-229.
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Chapter

Acid-Base Disorders

Ivan Lee, Jason Choo

Introduction

Acidaemia refers to the concentration of H* in the extracellular
fluid (ECF) compartment. It is tightly regulated to maintain a
normal serum pH of 7.35-7.45 (7.4).

pH =-log[H"]
log[H*] =-7.4
[H*] = 3.98 x 10° mol/L. = 40 nmol/L

Movement between the physiological range of pH 6.8 to 7.8
involves change in [H*] from 16 nmol/L to 160 nmol/L.

The body’s mechanism to prevent large changes in pH is by buff-
ering. Carbonic acid is the most abundant buffer in the ECF.

CO, + H,0 & H,CO, <> H* + HCO>

The equation above demonstrates the ability of the carbonic
acid buffer system to maintain acid-base homeostasis. [HCO*]
in the ECF by the kidneys and PCO, by alveolar ventilation
(15,000 mmol/d!) are controlled separately. The resultant pH
can then be expressed by the Henderson—Hasselbalch equation:

. log[HCOS_}

pH=6.1
0.03PCO,

M 59
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Or by the modified equation:

PCO,

[H+]:24 X P———
[HCO™ ]

From these two equations, it is immediately appreciated that
“acute compensation” when there is a proton load is simply the

carbonic acid buffer system at work.

The kidneys’ role in acid-base homeostasis is by net acid excre-
tion (NAE), where:

NAE = Volume ([NH*] + [Titratable acid] - [HCO?*"])

In contrast to the huge capacity of the lungs to remove CO,, the
kidneys are only able to eliminate about 1 mmol/kg/d of H*.

Step-by-step Approach to Acid-base Disorders

Identify acidaemia or alkalaemia on arterial blood gases (ABG)

Corroborate using the modified Henderson equation with se-
rum [HCO?* ]

» Testing [HCO*] involves adding acid to a serum sample
and measuring the CO, released; it may be overestimated
in severe respiratory acidosis (allow for 10% difference
between measured [HCO?* | and std HCO?).

Identify the primary defect
Check for appropriate secondary responses
Identify a mixed disorder (if any)

Corroborate diagnosis with clinical history and findings
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Compensation Formulas

Metabolic | Winter’s formula:

acidosis Expected pCO, = 1.5 x [HCO* | + 8 £ 2
Alternatively:

Expected pCO, =40 — (A[HCO*] x 1.2)

Metabolic | Expected pCO, =40 + (A[HCO*] x 0.6 — 0.7)
alkalosis

Respiratory | Acute respiratory acidosis:
acidosis [HCO*] increased by 0.1 mmol/L for every
1 mmHg increase in PaCO2

Chronic respiratory acidosis:
[HCO*] increased by 0.4 mmol/L for every
1 mmHg increase in PaCO2

Respiratory | Acute respiratory alkalosis:
alkalosis [HCO*] decreased by 0.2 mmol/L for every
1 mmHg decrease in PaCO,

Chronic respiratory alkalosis:
[HCO*] increased by 0.5 mmol/L for every
1 mmHg decrease in PaCO,

Abbreviations: HCO,, bicarbonate; pCO,, partial pressure of carbon dioxide

Anion gap
e The aetiology of metabolic acidosis can be classified into either:

» The addition of protons either by hydrochloric acid or
relatively strong acids (proton-donators) or

s The decrease in the content or concentration of bicarbonate

e The common clinical diagnostic approaches to differentiate the
above are through either:
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» The commonly used “physiologic approach” or

= The Stewart approach (also known as the strong ion
difference)

e The basis of either method is to identify the addition of acid
by calculating the difference between cations and anions in
equilibrium. The “GambleGram™ depicts the “physiologic ap-
proach” elegantly:

G The simplified GambleGram removes the cat-

. ions and anions that exist in lesser concentration.
In equilibrium, the anion gap (AG) can be
taken as 10—12 mmol/L.

This holds less true in certain situations.

Cl

In the scenario of high-anion gap acidosis

(HAGMA), [HCO?*] decreases in a near 1:1
ratio with the rise in [AG].

Q >
Qe A
®

Cl

AG In the scenario of non-anion gap acidosis how-

HCO3- ever, [HCO®* | decreases with a corresponding

rise in [Cl] acid instead.

Cl




Acid-Base Disorders 93

Na

AG

HCO3-

Cl

4

When there is a HAGMA with concomitant
metabolic alkalosis (either primary or second-
arily as a response to respiratory acidosis), the
rise in [AG] compared to a fall in [HCO¥] is
typically in excess of 2:1.

Abbreviations: AG, anion gap; CL, chloride; HCO,, bicarbonate; Na, sodium

e The major unmeasured anion is albumin, which represents

2.5 mEq/g/L albumin; it must be accounted for in hypoalbu-

minaemia

Corrected AG = AG + (40 — sAlb)/4
Or, expected AG =12 — (40 — sAlb)/4

e The advantage of the Stewart approach to detect anion gap aci-

doses over the “physiologic approach™ is eliminated by employ-

ing the corrected anion gap.

High Anion Gap Acidosis

e Elevated anion gap acidosis occurs either from an endogenous

process resulting in increased production of an organic anion or

the addition of an exogenous anion.

e The updated GOLD MARK mnemonic can be used to remem-
ber the major causes of HAGMAs.
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Glycols

Propylene glycol, ethylene glycol, diethylene
glycol

5-Oxoproline

Chronic paracetamol use — typically in mal-

nourished women

L-lactate

Type A: imbalance in oxygen consumption and
delivery to metabolically active tissues

Type B: unrelated to perfusion or hypoxia
(mitochondrial toxins, liver failure, thiamine

deficiency, inborn errors of metabolism)

D-lactate

Produced by gastrointestinal bacteria

Methanol

Organic acid formation from metabolism of
toxic alcohols

Aspirin

Salicylic acid

Renal failure

Impaired ability to excrete H* and NH*

Ketoacidosis

Diabetic, starvation, alcoholic, keto diet

Low/negative Anion Gap

e The causes of non-anion gap metabolic acidosis are much sim-

pler:

= Gastrointestinal bicarbonate losses: diarrhoea, fistulas,

urinary diversions

= Acid load: ammonium chloride, hyperalimentation

= Renal tubular acidosis

e Occasionally, one may encounter an abnormally low anion gap

without an acid-base disturbance:
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Decreased unmeasured anion

Albumin

Paraproteinaemia

Increased chloride

Bromide ingestion

Thiocyanate
Increased “unaccounted” Hypercalcaemia
cation Hypermagnesaemia
Lithium

Pseudohyperbicarbonataemia

Paraproteinaemia interference
with HCO® assay

Pseudohyponatraemia

Hypertriglyceridemia, severe

obstructive jaundice

The utility of the urinary NH4+ excretion

e Given the NAE as expressed in the introduction, urinary H+ is
excreted as either titratable acid or NH*.

e The capacity of the kidney to excrete NH* is much greater

than the capacity to increase titratable acid.

e Urine NH* excretion is a useful tool to assess the adequacy of

the renal response to an acid load or the lack thereof in a patho-

logical state.

» This can be calculated by the urine anion gap:

uAG =uNa + uK —uCl

» The urine anion gap may be falsely low in states where
other unmeasured anions may be excreted with NH4+
(e.g., ketoacids, hippuric acid) and hence the following
formula may be used:

uNH* = {uOsmolality — [2 (uNa + uK)
+ uUrea + uGlucose]} / 2



e The various permutations that arise are as follows:

Normal response

to acid load Osmolal gap /2 = uNH4+
) (where other %2 is paired with
Normal uNH* = Nas Cl-, other An-)
1 mEq/kg a
(approx. daily N .
acid load)
Cl- 2 %X
Increases with GI uOsm Nat
HCO?® loss:> 1 -
mEq/kg/d -
Normal
Dl I response to 2x K+
acid load,
Y I I uNH4+ T
NHa+ uAG <0
An- U

Urine pH <5.5
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Failure of urine

NH* excretion

Na+

K+

Cl-

<

Urine pH >6

uAG >0

uOsm

A

________ o
uNH4+ <1 mEq/kg

2 %
Na+

2x K+

16 SI8pJosiq aseg-play



Urine HCO? loss A
or other organic
anion diuresis Osmolal gap
increases
Na+
<« \ S
Cl-
2 X
Na+
uOsm
< ______
2x K+
K+ HCO3-
uAG >0
An- U
Urine pH may be >5.5 until filtered HCO*
falls below the reabsorption threshold.

Abbreviation: An, anion; CL, chloride; HCO,, bicarbonate; K, potassium; Na, sodium, NH4, ammonium; U, urea; uOsm, urine

osmolality

yoog Aupiy 9yl S6



Renal tubular acidosis
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Type IRTA | Type II RTA
(distal) (proximal) Type IV RTA
Pathophysiology | Inability to gen- | Reduced capacity | Impaired Na+/
erate a pH gra- | to reclaim bicar- | K*-H* cation
dient between bonate at the exchange
blood and distal | proximal tubule | (hypoaldo-
tubular fluid steronism or
resistance)
Serum K* Low/normal Low/normal High
Urine upH >5.5 upH may be <5.5 | upH <5.5
uAG positive when filtered uAG positive
uNH* low bicarbonate goes | uNH* low
below reclama-
tion threshold
uNH* low
uAG positive
uOG may be high
Confirmatory Failure to acid- | FEBi >0.15 FEBi high
test ity urine with with bicarbon-
ammonium chlo- | ate loading (PO
ride loading 4 mEq/kg or slow
(0.1 g/kg) infusion of IV
NaHCO,)
Other features | Nephrocalcinosis | Glycosuria Bone disease
(from hypercal- | Phosphaturia absent
caemia, hypoci- | Amino aciduria
traturia, alkaline | Rickets,
urine) osteomalacia

Rickets from
reduced 1
alpha-hydroxy-

lase activity
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Aetiology

Sporadic
Inherited

Secondary

causes:

Interstitial
nephritis
Sickle cell
nephropathy
Medullary
sponge kidney
Lupus
nephritis
Vesicoureteric
reflux
Amphotericin B
Lithium
Cisplatin

Sporadic
Inherited

Secondary

causes:

Sjogren
syndrome
Wilson disease
Myeloma
Cisplatin
Ifosfamide
Sodium valproate
Aminoglycoside
Heavy metals
Primary hyper-
parathyroidism

Sporadic
Inherited

Secondary

causes:

Obstructive
uropathy
Pyelonephritis
Diabetes
mellitus

Sickle cell
nephropathy
Trimethoprim/
sulfamethox-
azole

ACE inhibitors
Calcineurin

inhibitors

Abbreviations: ACE, angiotensin-converting enzyme; FEBi, fractional excre-

tion of bicarbonate; H, hydrogen; K, potassium; Na, sodium; NaHCO,,

sodium bicarbonate; PO, per oral; RTA, renal tubular acidosis; upH, urine

AG, urine anion gap; urine NH, urine ammonium; urine OG, urine osmolar

gap; urine pH

Metabolic Alkalosis

e Syndrome characterised by high [HCO®* ] and low [H], involv-

ing a sequence of generation and maintenance phases:

» Generation phase: alkali gain or acid loss — urinary CI-

may be used to evaluate the aetiological causes.
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Urine
[Cl] Others
Alkali Bicarbonate infusion >20 | upH high
load Citrate administration uOG high
(citrated blood products, >200 mOsm
extracorporeal circuit
anticoagulation)
Milk-alkali syndrome
Acid loss | Gastric losses: <20 |uNamay be
Vomiting high
Nasogastric suctioning upH high
Chloride-losing diarrhea uOG high
Urinary: >20 |uCato
Diuretic use differentiate
Bartter, Gitelman syndromes
Remote diuretics <20
Cystic fibrosis <20
EABV Cushing syndrome >20 | Hypertensive
expansion | Renin-angiotensin-
with K aldosterone system activation
depletion | Syndromes of apparent min-
eralocorticoid excess
Glucocorticoid-remediable
aldosteronism
Liddle syndrome
Abbreviations: uCa, urine calcium; uNa, urine sodium; uOG, urine osmolar

gap; upH, urine pH
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» Maintenance phase: from highly conserved or altered

mechanisms to preserve volume:

Haemodynamic response — decreased GFR
Reabsorption of filtered [HCO™ ]

Hypochloraemia Impairs excretion of [HCO* ] via

inactivation of pendrin

Hypokalaemia Increases ammoniagenesis by
increasing glutamine uptake and
increasing [HCO*] generation
Increases [HCO*] reabsorption
at PCT

Increases expression of H+
ATPase and H/K*-ATPase at the
collecting duct

Reduces pendrin expression

Renin—angiotensin—aldosterone system activation
Elevated PCO, Increases [HCO* ] reabsorption
Abbreviation: GFR, glomerular filtration rate; H, hydrogen; HCO,, bicarbon-

ate; K, potassium

» The recovery phase from metabolic alkalosis occurs

when the generating event is withdrawn or treated and

maintaining factors are reversed.

— Competing comorbidities such as heart failure and lung
disease limit volume expansion with NaCl.

— In severe cases, administration of acid (NH4Cl, HCI,
arginine HCI) or acetazolamide may be considered.

— Treatment with RAAS blockade or K-sparing diuretics

may be considered for specific circumstances.
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Diagnostic Approach

5 to Chronic Kidney
Disease
Kwek Jia Liang
Introduction

e Chronic kidney disease (CKD) is a global health burden with
high economic cost to healthcare systems around the world.
e The estimated global prevalence is around 9.1% in 2017. In

Singapore, it is projected that the local prevalence of CKD will
increase from 12.2% in 2007 to 24.3% in 2035.

e Most CKD patients are in stage 1-3 (CKD stage 1-2: 5.0%,
stage 3: 3.9%, stage 4: 0.16%, stage 5: 0.07%, dialysis: 0.041%,
transplant: 0.011%)

Definition

e CKD is defined as abnormalities of kidney structure or func-
tion, present for >3 months, and carries implications for health
(Table 10.1).

e Staging of CKD is based on a heatmap, using glomerular filtra-
tion rate (GFR in mL/min/1.73 m?) categories and persistent
albuminuria (albumin:creatinine ratio or ACR in mg/mmol)

categories to determine its severity (Table 10.2).

W 107
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Table 10.1: Definition of Chronic Kidney Disease

Either of the following present for >3 months

Markers of e Albuminuria (ACR 23 mg/mmol)
kidney o

Urine sediment abnormalities

damage s .
e Electrolyte and other abnormalities due to tubular disorders

e Abnormalities detected by histology

e Structural abnormalities detected by imaging

e History of kidney transplantation

Decreased e GFR <60 mL/min/1.73 m?>
GFR (GFR categories G3a — G5)

Abbreviations: ACR, albumin: creatinine ratio; GFR, glomerular filtration rate

Table 10.2: Classification of Chronic Kidney Disease Using GFR and
ACR Categories

Glomerular filtration rate categories

Category GFR (mL/min) Kidney Function

Gl >90 Normal and high

G2 60-89 Mild reduction related to normal range for
a young adult

G3a 45-59 Mild to moderate reduction

G3b 30—44 Moderate to severe reduction

G4 15-29 Severe reduction

G5 <15 Kidney failure

Albumin: creatinine categories

Category  ACR (mg/mmol) Albuminuria

Al <3 Normal to midly increased
A2 3-30 Moderately increased
A3 >30 Severely increased

Abbreviations: ACR, albumin: creatinine ratio; GFR, glomerular filtration rate

Epidemiology

e In 2013, among patients with incident stage 5 CKD in Singapore,
diabetic kidney disease was the most common cause (63.5%),
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followed by hypertension and renovascular disease (15.0%),
glomerulonephritis (14.9%), polycystic/other cystic kidney dis-
eases, obstructive uropathy/kidney stone disease, vesicoureteral

reflux, chronic pyelonephritis, and unknown causes.
e Risk factors for CKD include:

» Metabolic diseases (e.g., diabetes mellitus, hypertension,
obesity)

= Cardiovascular disease

» Genetic or hereditary diseases (polycystic kidney disease,
Alport’s syndrome)

= Family history of CKD

» Smoking

» Reducedrenal mass (solitary kidney, previous nephrectomy)
= Urinary tract obstruction (renal stones, tumours, strictures)
» Recurrent urinary tract infection

= Previous recurrent or severe acute kidney injury

= Exposure to nephrotoxins (analgesics, aminoglycosides,

radiocontrast)

Approach

e The first step to manage CKD is to diagnose it and accurately
identify underlying causes.

History

e Medical history of any of the following and its duration:
» Metabolic diseases (e.g., Type II or long-standing Type I

diabetes mellitus), hypertension (long-standing, usually

>10 years duration), gout, obesity
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» Cardiovascular diseases (e.g., ischaemic heart disease),
cerebrovascular disease, peripheral vascular disease

»  Organ failure (e.g., heart failure, liver failure)

= Prior recurrent or severe acute kidney injury (especially
requiring dialysis support)

» Autoimmune diseases which often affect the kidneys (e.g.,
systemic lupus erythematosus, Sjogren’s syndrome)

» Multiple myeloma or monoclonal gammopathy

»  Obstructive uropathy (e.g., kidney stones, strictures)

= Recurrent and complicated urinary tract infection

» Renal or urological anatomical abnormalities (e.g., kidney
agenesis, previous nephrectomy, vesicoureteral reflux)

» Cancer treated with chemotherapy, molecular-targeted
therapy, immunotherapy, or radiotherapy

= Previous urologic, pelvic, or retroperitoneal surgery

= Viral infection (e.g., hepatitis B, hepatitis C, human
immunodeficiency virus; HIV)

= Chronic or recurrent exposure of nephrotoxin, (e.g.,
analgesics, aristolochic acid) or toxic environmental
exposures (e.g., lead)

» Smoking

» Family history of chronic kidney disease, inheritable
disease (e.g., polycystic kidney disease, Alport’s syndrome),
metabolic diseases (e.g., diabetes mellitus, hypertension,
cardiovascular disease)

e Symptoms

»  Generally asymptomatic until advanced CKD (stage 4-5)
develops where symptoms of uraemia, fluid overload, and
other non-specific symptoms may be present.
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» Symptoms related to underlying causes, such as:

» Nephritic-nephrotic syndrome — oliguria, macroscopic

haematuria, excessively frothy urine, lower limb oedema

= Renovascular disease — recently diagnosed hyperten-
sion or acute worsening of previously well-controlled

hypertension
= Obstructive uropathy — lower urinary tract symptoms
»  Urinary tract infection (dysuria, fever)

= Recent or ongoing illness/infection

Physical Examination

Hypertension (BP >140/90 mmHg)

Hydration status (overload or dehydrated)

Presence of oedema and its extent

Abdominal examination — previous surgical scar, enlarged kid-
neys, abdominal or renal bruits, palpable bladder
Complications of CKD — fluid overload (bibasal crepitations,
raised jugular venous pressure, peripheral edema), uraemic
flap, confusion, lethargy pericardial rub, pleural rub

For patients with diabetes mellitus, other complications of dia-
betes mellitus (e.g., retinopathy, neuropathy, peripheral vascu-
lar disease)

For patients with autoimmune diseases, manifestations, and
activity of underlying condition (e.g., rash, photosensitivity, ar-

thralgia of small joints)
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Investigations

Renal panel including sodium, potassium, chloride, bicarbonate,
urea, creatinine, and estimated GFR (using the Chronic Kidney
Disease Epidemiology Collaboration or CKD-EPI equation)

Urine microscopy, urine phase contrast

Spot urine albumin or protein — albumin: creatinine ratio
(ACR) or protein: creatinine ratio (PCR)

Ultrasound kidney, ureters, bladder (KUB), ultrasound dop-
pler of renal arteries (if renal artery stenosis is suspected)

Serum albumin

Fasting lipid panel

Fasting glucose, HbA1C
Complement levels — C3, C4
Erythrocyte sedimentation rate (ESR)

Autoimmune screen (if there is suspected underlying autoim-

mune disease, nephrotic syndrome, or nephritic syndrome):

= Anti-neutrophil antibody (ANA)

= Anti-dsDNA antibody

= Anti-phospholipase A2 receptor antibody (anti-PLA2R)

= Anti-streptolysin O titer (ASOT)

= Anti-neutrophil cytoplasmic antibody (ANCA)

» Anti-glomerular basement membrane antibody (anti-GBM)

Virology screen for hepatitis B, C and HIV (if chronic viral
diseases suspected): Hepatitis B Ag, Hepatitis C screen, HIV
screen

Urine and serum protein electrophoresis if suspected of multi-
ple myeloma or monoclonal gammopathy (e.g., >40 years old,



Diagnostic Approach to Chronic Kidney Disease 113

>1g/day proteinuria), anaemia, hypercalcaemia, bony lesions or

no other obvious cause of CKD

¢ Kidney biopsy (after assessing indications, benefits, and risks of

procedure)

Guide for Referral to a Nephrologist

e Refer to the emergency department for the following:

Previously unknown estimated GFR <15 mI/min/1.73 m?

or serum creatinine >500 pmol/L
Evidence of acute kidney injury

Severe electrolyte disturbances (e.g., serum potassium
>6.0 mmol/L)

e Early referral (within 2-6 weeks)

Previously unknown estimated GFR of 15-29 mlL/
min/1.73 m?

Recent rapid decline of eGFR by >30% to 15-29 mL/
min/1.73 m?

New onset nephrotic syndrome
New onset nephritic syndrome

Sustained increase in serum creatinine by >30% from

baseline with no apparent cause

e Non-urgent referral

Known CKD with estimated GFR <45 mL/min/1.73 m?,
not previously assessed by renal physician and a potential
candidate for kidney replacement therapy

Sustained increase in serum creatinine by >30% from
baseline upon starting RAS blockers
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» Sustained decline in estimated GFR by >5 mL/min/1.73 m?
in 1 year or >10 mL/min/1.73 m* in 5 years

= Suspected genetic cause of chronic kidney disease (e.g.,
polycystic kidney disease)

» Significant proteinuria (urine PCR >1g/g or ACR >70 mg/
mmol), despite maximally tolerated RAS blockers and
optimal blood pressure control

= Significant proteinuria (urine PCR >0.5 g/g or ACR >30mg/

mmol) with persistent haematuria

= Uncontrolled hypertension in patient with CKD despite 4

antihypertensive medications

»  Uncontrolled hyperkalaemia (serum potassium>5.5 mmol/L)
in patients with CKD — Hyperkalaemia should be treated
first prior to referring; consider referring to the emergency

department in cases with serum potassium >6.0 mmol/L
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Slowing Progression

£ of Chronic Kidney
Disease
Kwek Jia Liang
Introduction

e Chronic kidney disease (CKD) is a global health burden with
high economic cost to healthcare systems around the world.

e Risk factor—appropriate screening of CKD is important because
CKD is asymptomatic in the earlier stages.

e Older adults (45 years or older), especially with risk factors
such as diabetes mellitus, hypertension, cardiovascular disease,
and family history of chronic kidney disease should be screened
for CKD.

e In Singapore, the Ministry of Health (MOH) recommends an-
nual screening for CKD with estimated glomerular filtration
rate (eGFR) and urinary albumin assessment in patients with
diabetes (five years after diagnosis of type 1 diabetes and during
diagnosis for type 2 diabetes) and patients with hypertension.

Approach

e Start with accurately diagnosing the underlying cause of CKD.

e [Initiate cause—speciﬁc treatments as appropriate in a timely

manner.

miis
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Initiate general and non-targeted intervention to slow down
progression of CKD.

Treat underlying cause of chronic kidney disease

Diagnose the underlying cause of CKD accurately through his-
tory taking, physical examination, and appropriate investigations.
Initiate cause—speciﬁc treatments as appropriate in a timely

manner.

Prevent acute kidney injury

Acute kidney injury (AKI) is associated with progression of
CKD

Review patient’s risk factors for AKI
Avoid hypotension

Avoid malignant hypertension
Avoid obstruction of urinary tract

Avoid nephrotoxins (e.g., chronic ingestion of non-steroidal
anti-inflammatory drugs (NSAIDS) or Cox-2 inhibitors)

Renin-angiotensin System (RAS) Blockade

Angiotensin-converting enzyme inhibitors (ACEi) and angio-
tensin-2 receptor antagonists (ARB) are renin-angiotensin sys-
tem (RAS) blockers.

They work by decreasing intraglomerular hypertension through
efferent arterioles vasodilation.

ACEi and ARB are first line therapies in patients with albumin-
uric CKD (Figure 11.1)
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Figure 11.1: Initiation and optimisation of RAS blockers.
(Adapted from the SingHealth Renal Retardation Programme (SiRRP) Clinical Guide Version 13th March 2022.)

LTT  8seasiq Aaupiy 21LoJy? Jo UoiSSaibold BUImoiS



118 The Kidney Book

e Review for contraindications to RAS blockers:
» Bilateral renal artery stenosis
» Known hypersensitivity to RAS blockers
= Pregnancy
There are also relative contraindications to starting RAS block-
ers such as:
= Ongoing hyperkalaemia (serum potassium >5.0mmol/L)
» Acute kidney injury or acute illness

e Start RAS blockers cautiously at a lower dose in elderly patients
and patients with GFR <45 mL/min/1.73 m?.

e Aim for a maximally tolerated dose of ACEi or ARB as there
is a dose-response relationship — higher RAS blockade leads
to higher proteinuria reduction, which in turn leads to higher
reduction of kidney failure risk (Table 11.1).

e Couple RAS blockers with a low sodium diet to enhance the
effect of the RAS blockers.

e Use of combination therapy of ACEi with ARB or use of di-
rect renin inhibitors is not recommended because of the lack of

proven benefit and increased risk of adverse effects.

e Use of supramaximal dose of RAS blockers has been largely
superseded by initiation of other classes of medications that

have been found to be effective in slowing down progression of
CKD.
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Table 11.1: Dose Reference Guide to Renin-Angiotensin Blockers

Initial Initial

Name Dose Max Dose Name Dose Max Dose

Losartan 50 mg OD 100 mg OD/ Enalapril 5mg OD 20 mg BD
(25 mg) 50 mg BD (2.5mg)

Irbesartan 150 mg OD 300 mg OD  Lisinopril 10 mg OD 40 mg OD
(75 mg) (5mg)

Valsartan 80 mg OD 320 mg OD Perindopril 4 mg OD 8 mg OD
(40 mg) Erbumine (2 mg)

Candesartan  8mgOD  32mgOD  Perindopril 5 mg OD 10 mg OD
(4 mg) Arginine  (2.5mg)

Telmisartan 40 mg OD 80 mg OD  Ramipril 2.5mg OD 20 mg OD/
(20 mg) 10 mg BD

Olmesartan 20 mg OD 40 mg OD  Captopril 12.5 mg BD 50 mg
(10 mg) (6.25mg TDS

BD)

*Lower initial dose in () may be considered in the elderly or in patients with CKD 3b and above.
Adapted from the SingHealth Renal Retardation Programme (SiRRP) Clinical Guide Version 13th
March 2022

Abbreviations: BD, twice a day; OD, once a day; TDS, three times a day

e Adverse effects of RAS blockers should be managed first be-
fore considering discontinuation (Table 11.2).

e Monitor blood pressure, serum creatinine, and potassium with-
in 2—4 weeks of initiating or up-titration of RAS blockers.
e Aim for target blood pressure, serum potassium < 5.5 mmol/L,

and less than 30% increase in serum creatinine.
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Table 11.2: Management of the Adverse Effects of Renin-Angiotensin
Blockers

Adverse Management
Effects
Cr rise >30% ¢ Exclude pre-renal, intrinsic renal, and post-renal causes of

AKI (e.g., dehydration, sepsis, nephrotoxic drugs).
* Correct volume depletion.
* Reassess concomitant medications (e.g., diuretics,
NSAIDS).
* Stop or reduce ACEi/ARB to previous dose.

¢ Evaluate for underlying renal artery stenosis if no other
obvious causes of acute kidney injury (AKI) are found
(especially patients with suboptimal blood pressure control).

K*>5.0
mmol/L potassium-sparing diuretics, beta blockers).

Review concurrent drugs (e.g., potassium supplements,

e Lower dietary potassium intake.

¢ Consider initiating thiazide diuretic or loop diuretics
(eGFR <30 mI/min/1.73 m?) if BP >110/70 mmHg,.

* Stop or switch from nonselective (e.g., carvedilol) to
selective Sl-receptor blockers (e.g., atenolol, bisoprolol).

e Consider sodium bicarbonate (if metabolic acidosis is
present).

e Consider GI cation exchangers (e.g., sodium polystyrene
sulfonate, sodium zirconium cyclosilicate).

e Stop or reduce ACE/ARB if K* 5.5 mmol/L persistently
despite the above measures.

SBP <110
mmHg or

Reduce or discontinue other anti-hypertensives.

symptomatic
hypotension
Persistent dry ¢ Establish temporal relationship between cough and ACEi.
cough * Exclude other causes of chronic cough.
¢ Consider switching from ACEi to ARB.

Adapted from the SingHealth Renal Retardation Programme (SiRRP) Clinical Guide Version 13th
March 2022

Abbreviations: ACEI, angiotensin-converting enyzyme inhibitor; ARB, angiotensin receptor
blocker; AKI, acute kidney injury; BP, blood pressure; Cr, creatinine; eGFR, estimated glomerular
filtration rate; GI, gastrointestinal; K, potassium; NSAIDS, non-steroidal anti-inflammatory drugs;
SBP, systolic blood pressure
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Sodium-glucose Cotransporter-2 Inhibitor
(SGLT-2i)

e Sodium-glucose cotransporter-2 inhibitor (SGLT-2i) has been
shown to confer significant reno- and cardio-protective benefits

in patients with diabetic or non-diabetic kidney disease (Fig-
ure 11.2).

e These benefits are independent of the glucose-lowering effects
of SGLT-2i.

e These benefits have been shown in patients with eGFR as low
as 20 mL/min/1.73 m? (Table 11.3).

independent of glucose lowering effects

v

1. History of recurrent severe
urinary tract infection
(i.e., UTI or pyelonephritis that

requires hospitalisation) Do not start SGLT-2i

2.T1DM

[ Considerations of SGLT-2i to reduce CKD progression ]

3. History of ketoacidosis

Start SGLT-2i
(choose SGLT-2i with CKD
treatment indication)

eGFRz 20

ml/min/1.73m?2

Do not start SGLT-2i
(consider GLP-1RA if available)

Monitor S. Cr within 4
weeks if there are clinical
concerns of volume
depletion:

= SBP<110 mmHg

* Orthostatic symptoms
* Diuretics therapy
+ Elderly patients

* Lookforand treat causes
of AKI

+ Suspend SGLT-2i

* Repeat serum Crin 4

weeks

Improvement?

Abnormal
> 30%Increase in serum Cr

. Stop SGLT-2i. Consider
Continue treatment other CKD retardation
with SGLT-2i .
strategies

Figure 11.2:  Algorithm for the initiation of SGLT-2i to slow down CKD progression.

(Adapted from the SingHealth Renal Retardation Programme (SiRRP) Clinical Guide Version 13th
March 2022.)
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Table 11.3: GFR Cut-Offs for the Initiation of SGLT-2i for Non-
Glycaemic Indications

SGLT-2i Dapagliflozin | Empagliflozin | Canagliflozin
eGFR cut-off (mL/min/1.73 m?) for initiation

CKD treatment >30

(Patients with >95 >90 (100 mg)

T2DM) (10 mg) (10 mg) continue until dialysis

CKD treatment | continue until | continue until | No indication

(Patients without | dialysis dialysis

T2DM)

Adapted from the SingHealth Renal Retardation Programme (SiRRP) Clinical Guide Version
13th March 2022

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; SGLT-2i,
sodium glucose cotransporter-2 inhibitor; T2DM, type 2 diabetes mellitus

e Precautions need to be taken for the use of SGLT-2i in patients
with diabetes mellitus who are at increased risk of diabetic ke-
toacidosis (Table 11.4).

e Like RAS blockers, an initial increase in serum creatinine up
to 30% can be expected and is not an indication to stop if the

trend stabilises.

e Majority of patients do not need to have routine monitoring
of renal function after initiation of a SGLT-2i. These patients
can safely have the next set of blood tests done at subsequent

scheduled appointments.

e However, monitoring of serum creatinine and volume status
within 4 weeks of initiation of SGLT-2i would be prudent in
certain group of patients:
= Elderly patients

» Patients at-risk of volume depletion or acute kidney injury
(e.g., patients with systolic blood pressure <110 mmHg,
signs/symptoms of volume depletion, concurrent diuretics

therapy)
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Table 11.4: Precautions for SGLT-2i Use in Patients With Diabetes
Mellitus at Increased Risk of Diabetic Ketoacidosis

Patient Groups What to do

T1DM Do not use SGLT-2i.

Newly diagnosed T2DM with ~ Consider SGLT-2i only after 6-12 months of
osmotic symptoms (e.g., initial treatment with lifestyle modifications
polyuria, polydipsia) and other glucose lowering agent(s).

T2DM patients with HbAlc Consider insulin therapy. May consider
>10% (lower threshold if SGLT-2i after glycaemic control improves
they exhibit any osmotic (HbAlc <10%) and patient has no osmotic
symptoms) symptoms.

Patients with past history of Do not use SGLT-2i.
ketoacidosis

Adapted from the SingHealth Renal Retardation Programme (SiRRP) Clinical Guide Version
13th March 2022

Abbreviations: TIDM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; SGLT-2i, sodium
glucose cotransporter-2 inhibitor

Consider decreasing dosages of pre-existing diuretics before
commencement of SGT-2i and advise patients about the symp-
toms of volume depletion and hypotension.

e For patients at-risk for hypoglycaemia or tight glycaemic con-
trol, it may be necessary to stop or reduce the dose of a glucose-

lowering drug other than metformin to facilitate the addition
of an SGLT-2i.

e There is a possibility of an increased risk of urogenital
infections associated with SGLT-2i, hence personal hygiene
education should be recommended for all patients initiating
SGLT-2i.

e Consider withholding SGLT-2i during times of prolonged
fasting, surgery, or critical medical illness (when patients may
be at greater risk of euglycaemic and hyperglycaemic diabetic

ketoacidosis).
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Counsel patients on the risks of rare but severe complications
such as euglycaemic diabetic ketoacidosis and Fournier’s gan-
grene.

SGLT-2i can be continued until patients are initiated on kidney
replacement therapy, even if the prevailing eGFR is below the
eGFR at which SGLT-2i was commenced.

Mineralocorticoid Receptor Antagonists

Addition of non-steroidal mineralocorticoid receptor antago-
nists (MRA) to RAS blockers has been shown to reduce the risk
of progression of CKD in patients with diabetic kidney disease.

Research on similar benefits in patients with non-diabetic kid-
ney disease is ongoing (at the time of publishing of this book).
Non-steroidal MRAs can be considered in addition to RAS
blockers and/or SGLT-2i in patients with persistent albumin-
uria or proteinuria (Figure 11.3).

There is less evidence of steroidal MRAs in reducing the risk
of progression in CKD and they have more adverse effects,
but they may be considered if patients have other concomitant
medical conditions (e.g., heart failure, need for further optimi-
sation of blood pressure with close monitoring of adverse ef-
fects).

Finerenone (non-steroidal MRA) dosing (initiation when eGFR
at least >25 mIL/min/1.73 m?)

» Initiation 20 mg once in the morning (OM) (max 20 mg
OoM)

» eGFR 225 — <60 mL/min/1.73 m? — initiation 10 mg OM
(max 20 mg OM)
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Albuminuria/proteinuria Mo Continue annual CKD
in DKD patients screening
‘ Yes
Lifestyle interventions Start ACEi/ARB* ]
Optimise glycaemic, Titrate ACEi/ARB to
BP and lipids control max tolerated dose

| |
¥

UACR 2 3mg/mmol®

Na

Yes
l *Review

precautions and
Start SGLT-2i* contraindications

before starting

each drug therapy

2 6 months of
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Figure 11.3: Approach to Persistent Albuminuria/Proteinuria in Patients with DM
and CKD

Adapted from the SingHealth Renal Retardation Programme (SiRRP) Clinical Guide Version 13th
March 2022
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Spironolactone (steroidal MRA) dosing (initiation when eGFR
is at least 230 mL/min/1.73 m?)

» eGFR>50 mL/min/1.73 m* — initiation 12.5 mg OM (max
25 mg BD)

» eGFR 230-50 mL/min/1.73 m* — initiation 12.5 mg OM
(max 25 mg OM)

MRAs have a similar adverse effects profile as RAS blockers
(e.g., hyperkalaemia acute kidney injury). Other adverse ef-
fects (e.g., hypotension, gynecomastia) are less evident in non-
steroidal MRAs compared to steroidal MRAs.

Research has shown that non-steroidal MRAs increase serum
potassium by 0.2 mmol/L, hence avoid initiating it when serum

potassium is >4.8 mmol/L.

Monitor blood pressure, serum creatinine, and potassium with-

in 2—4 weeks of initiating or up-titration of MRAs.

Aim for blood pressure at target pressure, serum potassium

<5.5 mmol/L and less than 30% increase in serum creatinine.

Blood Pressure Control

Aim for clinic blood pressure <140/90 mmHg in patients with
non-albuminuric CKD.

Aim for clinic blood pressure <130/80 mmHg in patients with
albuminuric CKD.

Home blood pressure measurement is approximately —5/-5
mmHg compared to clinic measurement.

KDIGO guideline has recommended for systolic blood pressure
(SBP) <120 mmHg using standardised office measurement with
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evidence based mainly from the SPRINT study subgroup anal-
ysis of non-DM patients with CKD.

In the SPRINT CKD sub-group analysis, SBP < 120 mmHg
compared to < 140 mmHg reduced primary composite cardio-
vascular and all-cause mortality outcomes but not composite

renal outcomes.

Diabetic Control (In Patients with Diabetes
Mellitus)

Individualised HbAlc target of <6.5% to <8.0%, depending on

risk factors:

= Severity of CKD

= Presence of macrovascular complications

= Comorbidities

» Life expectancy

» Hypoglycaemia awareness

= Resources for hypoglycaemia management

= Propensity of treatment to cause hypoglycaemia
Lifestyle therapy (weight loss, nutrition, and physical activity)

First line diabetic treatments are metformin and SGLT-2i

Correction of Acidosis

Risk of acidosis increases as eGFR decreases to <40 mlL/
min/1.73 m?2.

Low to moderate certainty evidence suggests that oral alkali
supplementation or reduction in dietary acid intake may slow
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the rate of kidney function decline and risk of end-stage kidney

disease.

Aim for serum bicarbonate between 22 and 26 mmol/L, us-
ing the lowest dose of sodium bicarbonate or through dietary

changes to reduce dietary acid intake.

Consider initiating sodium bicarbonate tablets if acidosis is not
related to other causes or acute kidney injury.

Start sodium bicarbonate tablet 1 to 2 g/day with monitoring of

serum bicarbonate levels. The maximum dose is approximately
4.5 g/day.

Monitor fluid status, serum potassium and calcium levels, when

starting oral sodium bicarboante therapy.

Dietary and Lifestyle Interventions

Limit sodium intake to <2 g sodium/day (<90 mmol sodium/day
or <5 g sodium chloride/day).

Smoking cessation for current smokers.
High protein diet (>1.0 g protein/kg body weight/day) may
cause harm to patients with CKD.

Aim for protein intake of 0.6-0.8 g protein/kg body weight/day
depending on patient comorbidities and presence of diabetes.
Plant-based diet has been advocated, though caution is need-
ed for patients prone to hyperkalaemia or at a more advanced
stage of CKD.

Moderate-intensity physical activity (i.e., able to talk but
not sing the words of a song, e.g. brisk walking, cycling) for a
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cumulative duration of at least 150 min per week or to a level

compatible with their cardiovascular and physical tolerance.

CKD Monitoring Frequency

eGFR and urinary albumin: creatinine ratio (ACR) should be

monitored (Table 11.5).

Other investigations may be included for complications of CKD

depending on the stage of CKD.

Table 11.5: Recommendations for the Monitoring of Chronic Kidney
Disease

Severity of Chronic Kidney Disease

Monitoring Frequency

eGFR 45 to <60 mL/min/1.73 m? and ACR
<3 mg/mmol

eGFR 260 mL/min/1.73 m? and ACR 3-30
mg/mmol

eGFR 30 to <45 mL/min/1.73 m? and ACR
<3 mg/mmol

eGFR 45 to <60 mIL/min/1.73 m? and ACR
3-30 mg/mmol

eGFR >60 mL/min/1.73 m? and ACR >30

mg/mmol

eGFR 15 to <30 mL/min/1.73 m? and ACR
<3 mg/mmol

eGFR 15 to <45 mIL/min/1.73 m? and ACR
3-30 mg/mmol

eGFR 30 to <60 mL/min/1.73 m? and ACR
>30 mg/mmol

eGFR <15 mIL/min/1.73 m* and any ACR
eGFR 15 to <30 mL/min/1.73 m? and ACR
>30 mg/mmol

12 monthly

6 monthly

4 monthly

3 monthly

Abbreviations: ACR, albumin:creatinine ratio; eGFR, estimated glomerular filtration rate
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Fluid Overload in

5 Chronic Kidney
Disease
Carolyn Tien, Chan Choong Meng
Introduction

e Fluid overload is defined as a clinical state of excess total body

sodium and water with expansion of extra cellular fluid.

e This commonly occurs in chronic kidney disease patients espe-

cially as their kidney function worsens.

e Diuretics form a cornerstone of management of fluid overload

in addition to fluid and salt restriction.

Causes

» Worsening chronic kidney disease
* Acute kidney injury
* Worsening proteinuria/nephrotic syndrome

¢ Fluid indiscretion
« Salt indiscretion

Precipitating
factors

* Non-compliance to diuretics

* Cardiac causes such as congestive cardiac failure, acute coronary event,valvular disease
* Liver failure

Other causes . .
* Protein-losing enteropathy

M 131
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Diagnosis

Clinical °

Symptoms — shortness of breath, orthopnoea,
paroxysmal nocturnal dyspnoea, lower limb
swelling

Signs — lung crepitations, flank/sacral/pedal

oedema

Laboratory |e

Renal panel

Full blood count

Liver function test

Cardiac enzymes

N-terminal pro brain natriuretic peptide
* Arterial blood gas

Urine protein:creatinine ratio

e Electrocardiogram
Radiological | ¢ Chest X-ray
Adjuncts ¢ Bio-impedance analysis
e Point of care ultrasound (POCUS) — lung
fields, inferior vena cava
e Transthoracic echocardiogram
Management

e Stabilisation of haemodynamics and oxygen saturation

e If tachypnoeic or drowsy, do arterial blood gas to rule out

Type II respiratory failure

e Strict I/O charting and consider the use of an indwelling cathe-

ter or urosheath for the initial period

e Fluid restricted to 800 mIL/day; low salt diet (<2 g/day)

e Daily weight
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Diuretic Drugs for Fluid Overload

Diuretic Type Mode of Action Use
Proximal Carbonic Block carbonic Weak diuretic and thus most
tubule anhydrase anhydrase often used with other
inhibitor (e.g., enzyme, indirectly diuretics in the treatment
acetazolamide) blocking Na/H+ of metabolic alkalosis
exchanger accompanied by oedematous

Osmotic diuretic
(e.g., mannitol)

Loop diuretics (e.g.,
furosemide, bumetanide)

*Bumetanide 1 mg =
furosemide 40 mg

Increases osmotic

pressure within
lumen of proximal
tubule causing
water diuresis

Inhibit Na-K-2Cl

transporter in the
thick ascending
limb in the

loop of Henle,
causing reduced
reabsorption of
Na and dilute
urine formation
with net fluid loss

state

Generates a hyperchloraemic
metabolic acidosis especially
with prolonged use

Caution for use as there is

risk of causing pulmonary
oedema during the
intravascular hypertonic
phase, especially in patients
with reduced cardiac output

Thus, use mainly or only for

cerebral oedema/raised
intraocular pressure

Onset of action

e IV 5 minutes, PO 30-60
minutes

Duration of action

e IV 2 hours, PO 4-6 hours

Oral dose has to be doubled

compared to IV as oral
bioavailability is only 50%
for furosemide

Dosing:

e Moderate CKD (stage
3-4): Furosemide 80 mg,
bumetanide 2-3 mg

e Severe CKD (stage 5):
Furosemide 160—240 mg,
bumetanide 8-10 mg

Caution as there is risk of
ototoxicity if dose is given
rapidly or the daily total
dose >1 g

(Continued)
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Table 12.1:

(Continued)

Diuretic Type Mode of Action

Use

Inhibit Na-Cl
co-transporter in
distal convoluted
tubules

Thiazide diuretics (e.g.,
hydrochlorothiazide,
indapamide, metolazone)

Inhibit Na
reabsorption by

Collecting  Epithelial sodium
Duct channel
antagonist (e.g.,

blocking apical

amiloride) epithelial sodium

channel
Aldosterone Competitive
antagonist (e.g., antagonist of
spironolactone) aldosterone
causing

natriuresis and K
retention

Hydrochlorothiazide is often
ineffective in patients with
advanced renal impairment
(eGFR <30 mL/min)

Instead, thiazides are often
used as combination therapy
for sequential blockade
with loop diuretic for more
effective diuresis (e.g.,
metolazone)

Considered as weak diuretics
and often needs to be used
with other diuretics to
augment diuresis

Monitor K closely as there
is risk of hyperkalaemia
especially in CKD patients

Used as first line for certain
conditions

e Spironolactone in liver

cirrhosis with ascites

e Amiloride in the treatment

of Liddle syndrome

e Administer diuretic therapy (Table 12.1)

e Ensure adequate bolus dosing of IV furosemide based on kid-

ney function (often higher doses needed in patients with re-

duced eGFR).

e Consider continuous furosemide infusion 10-30 mg/hour if

there is a poor response to bolus dosing.

e Consider co-administration of IV albumin if hypoalbuminaemic.

e Addition of sequential blockade with thiazide such as metola-

zone 5-20 mg om.
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e Trend the kidney function and monitor for side effects of di-
uretic therapy such as hypokalaemia, hyponatraemia, hyperuri-
caemia, hypercalcaemia, or hypocalcaemia.

e If there is poor urine output response to diuretic therapy, wors-
ening fluid overload, and kidney function, consider initiating
kidney replacement therapy.
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Anaemia of Chronic
Kidney Disease

Chapter

Carolyn Tien, Chan Choong Meng

Introduction

e Anaemia is a common problem among patients with chronic
kidney disease (CKD) and has many causes (Table 13.1 and
Figure 13.1).

e [tis diagnosed in males when haemoglobin (Hb) level <13 g/dL,
and for females when Hb <12 g/dL.

Table 13.1: Causes of Anaemia in Chronic Kidney Disease

Inadequate e Erythropoietin deficiency in CKD
production e Iron deficiency
e Folate/B12 deficiency
e Bone marrow issues such as haematological malignancies
e Pure red cell aplasia

Increased e Blood loss, e.g., gastrointestinal bleeding, loss of blood
losses from dialysis circuit clotting
e Haemolysis

Others e Poorly controlled hyperparathyroidism
e Use of angiotensin-converting enzyme or
angiotensin receptor blockers
e Chronic inflammation/infection
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Investigation

» Symptoms of breathlessness, fatigue

 Any per-rectal bleeding or melena

* For haemodialysis patients: any access bleeding,
frequent circuit clotting

* Compliance to erythropoiesis stimulating agents

* Dietary history

J
* Creatinine, full blood count, intact parathyroid hormone )
calcium, phosphate

« [ron studies: iron saturation, iron, ferritin
e Vitamin B12, folate

* Reticulocyte count, peripheral blood film, haemolytic screen

* Consider endoscopic evaluation of anaemia if warranted

* Consider haematology referral if warranted

Figure 13.1: Approach to anaemia in patients with chronic kidney disease

Management

e Ensure adequate iron stores (Table 13.2).

e [Initiation of erythropoiesis-stimulating agents (Table 13.3).
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Table 13.2: Iron Replacement Therapy in Chronic Kidney Disease

Indications to replace
with IV iron*

*For CKD non
dialysis patients, a
1-3-month trial of
oral iron therapy
can be given as an
alternative to IV iron

Types of iron
replacement

How to replace

For adult CKD patients with anaemia not on iron or
ESA therapy with

a. TSAT <30% and ferritin <500 ng/mL

b. Desire to increase Hb level without starting ESA

For adult CKD patients on ESA who are not
receiving iron with

a. TSAT <30% and ferritin <500 ng/mL

b. Desire to increase Hb level OR a decrease in ESA

dose is desired

Oral Ferrous fumarate:
200 mg — 65 mg of elemental Fe
(33%)

Iron polymaltose:
1 mL - 50 mg of elemental Fe

Ferrous gluconate (Sangobion):
250 mg = 29.2 mg of elemental Fe
(11.5%)

Intravenous  Iron sucrose (venofer) 100 mg

Ferric carboxymaltose (ferinject)
500-1000 mg

Ferric derisomaltose (monofer)
500-1000 mg

In haemodialysis patients, IV iron can be given across
dialysis, e.g.:

e IV venofer 100 mg/week for 5-10 doses as loading
followed by maintenance thereafter monthly

or

o IV monofer 500 mg once every 2 weeks for 2 doses
as loading followed by maintenance of 500 mg
once a month

In PD or CKD patients, IV iron will require IV
access and can be given as a once-dose loading of
either ferinject or monofer followed by PO iron

(Continued)
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Table 13.2: (Continued)

Monitoring During IV iron infusion:
o Monitor for hypotension, dyspnoea, anaphylaxis
e Do not administer when patients have active

systemic infection
Check iron stores (TSAT and ferritin) 3 monthly

Abbreviations: CKD, chronic kidney disease; ESA, erythropoiesis-stimulating agent; Fe, iron; Hb,
haemoglobin; 1V, intravenous; PD, peritoneal dialysis; PO, per os/oral; TSAT, transferrin saturation.

Table 13.3: Erythropoiesis-stimulating Agents in Chronic Kidney Disease

Indications to  For adult CKD ND patients with Hb >10 g/dL
start ESA — do NOT start ESA
For adult CKD ND patients with Hb <10 g/dL
— decision to start ESA depends on:
e rate of fall of Hb
e prior response to IV iron

e risk of needing a transfusion

e risks related to ESA

e presence of symptoms due to anaemia

For adult CKD dialysis patients

— start ESA when Hb is between 9 to 10 g/dL

Types of ESA  Erythropoietin, e.g., recormon (epoetin beta), eprex (epoetin
and dosing alfa)
— SC or IV 20-50 IU/kg 3 times per week

Darbepoetin-alfa
— SC or IV route: 0.45 pg/kg once weekly or
— SC 0.75 pg/kg once every 2 weeks

Mircera
— SC or IV 0.6 pg/kg once every 2 weeks or
— SCor IV 1.2 pg/kg once a month

How to give SC route in PD or CKD ND patients
ESA e SC erythropoietin is 20% more potent than IV for the
same dose
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Table 13.3: (Continued)

Monitoring
(Table 13.4)

e To note, the SC route for eprex is contraindicated due to
its strong association with antibody-mediated pure red
cell aplasia (PRCA), but the SC route for recormon is
acceptable

IV route preferred in HD patients as it can be given during
HD

Caution on risk for hypertension, increased risk of
thromboembolic event, and PRCA. To also use with caution
in patients with active malignancy or history of malignancy
and history of stroke due to risk of tumour progression/
thromboembolic complications

Consider monitoring Hb monthly for HD/PD patients and 3
monthly for CKD ND patients

Target Hb 10-11.5 g/dL and avoid >13 g/dL

Aim to rise Hb by 1-2 ¢/dL. per month

Titrate ESA dose adjustment in steps of 25% and not more
than 50% at once, e.g., EPO 4000 u once a week increase
to once every 5 days (50% increase) or decrease to 4000 U
per 10 days (25% decrease)

Interval of dose adjustment should not be shorter than 4
weeks as the ESA effect takes time to set in

Consider ESA hyporesponsiveness if:

e Initial phase: No increase in Hb from baseline after first
month of appropriate weight-based dosing of ESA

e Maintenance phase: After stable doses of ESA, now
requiring 2 increases in ESA doses up to 50% beyond the
dose at which they had been stable to maintain a stable
Hb concentration

Abbreviations: CKD ND, chronic kidney disease non-dialysis; ESA, erythropoiesis-stimulating

agent; Hb, haemoglobin; HD, haemodialysis; IU, international units; IV, intravenous; kg, kilograms;

PD, peritoneal dialysis; PRCA, pure red cell aplasia; SC, subcutaneous.
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Table 13.4: Monitoring of Anaemia in Chronic Kidney Disease

CKD without anaemia Stage 3 Annually
Stage 4-5 non-dialysis  Twice a year
Stage 5 on dialysis Every 3 months
CKD with anaemia not on  Stage 3-5 non-dialysis ~ Every 3 months
ESA Stage 5 on dialysis Monthly
CKD with anaemia on Initiation phase Monthly
ESA Maintenance phase CKD ND — 3 monthly
CKD dialysis —
Monthly

Abbreviations: CKD, chronic kidney disease; ESA, erythropoiesis-stimulating agent

Reference

Locatelli F, Nissenson AR, Barrett BJ, et al. (2008). Clinical practice guidelines
for anemia in chronic kidney disease: Problems and solutions. A position

statement from Kidney Disease: Improving Global Outcomes (KDIGO).
Kidney Int 74(10): 1237-1240.
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Introduction

e Hypertension (HTN) is very common among patients with

chronic kidney disease (CKD) and its frequency increases
as glomerular filtration rate (GFR) falls. More than 80% of
patients with stage 4-5 CKD have HTN.

e [t is important to control HTN in CKD as it can reduce pro-

teinuria, retard the progression of CKD, and reduce the risk of

cardiovascular morbidity and mortality.

e The pathophysiology of HTN in CKD is complex, mediated by

multiple factors such as:

Increase in sympathetic tone (vasoconstriction)

Activation of the renin-angiotensin-aldosterone system

(salt and water retention)
Increased salt sensitivity
Endothelial dysfunction

Increased arterial stiffness
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Measurement of Blood Pressure

e Blood pressure (BP) should be measured at every clinic visit

for patients with CKD, but the measurement should be stan-

dardised as follows:

The patient should be rested quietly for 5 minutes prior to
BP measurement using a validated and calibrated device

(e.g., oscillometric or manual BP device).

Caffeine and exercise should be avoided for 30 minutes
prior to BP measurement.

The cuff should be placed on the arm at the level of the
atrium with the correct cuff size (the bladder of the cuff
should encircle 80% of the arm).

The patient should sit with feet flat on the ground and back
supported by the chair.

At least 2 readings should be obtained to classify
hypertension (Table 14.1).

Table 14.1: Classification of Hypertension According
to ACC/AHA 2017 Guidelines on High Blood Pressure

BP Category SBP (mmHg) DBP (mmHg)
Normal <120 and <80
Elevated 120-129 and <80
Hypertension

Stage 1 130-139 or 80-89
Stage 2 =140 or =90

Abbreviations: ACC, American College of Cardiology; AHA,

American Heart Association; DBP, diastolic blood pressure; SBP,

systolic blood pressure

Note:

e BP should be based on an average of >2 careful readings obtained
on =2 occasions

e Individuals with SBP and DBP in 2 categories should be designated
to the higher BP category.
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e Out-of-clinic BP readings correlate more strongly with kidney

and cardiovascular outcomes than office readings. There are

several reasons why home BP measurements with validated

devices should be encouraged:

To detect nocturnal hypertension and systolic BP variability,
which is frequent and associated with an increased risk of
cardiovascular events.

To establish the degree of control of BP — resistant HTN
is common among patients with CKD. On the other hand,
white coat HTN may lead to excessive anti-hypertensive

treatment, causing hypotension at home.

Evaluation of Hypertension in Chronic Kidney

Disease

e Though HTN is very common among patients with CKD, sec-

ondary causes should be evaluated for when:

The onset of hypertension occurred before puberty and
preceded the development of CKD

There is sudden worsening of BP in a patient with previously
controlled HTN

There is severe or malignant HTN that is out of proportion
to the severity of CKD

HTN is resistant to treatment

Target Blood Pressure in Chronic Kidney Disease

e Various guidelines have recommended different target BP for
patients with CKD (Table 14.2).

e In general, blood pressure should be lowered to less than
140/80 mmHg and eventually less than 130/80 mmHg espe-
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Table 14.2: Recommended Target Blood Pressure for Chronic Kidney
Disease According to Various Guidelines

Guidelines Target Blood Pressure (mmHg)
European Society of Cardiology Systolic BP <130-140
(ESC) and European Society of Diastolic BP <70-80

Hypertension (ESH) 2018 guidelines
American College of Cardiology (ACC) Systolic BP <130

and American Heart Association Diastolic BP <80
(AHA) 2017 guidelines

Kidney Disease Improving Global Without albuminuria, systolic
Outcomes (KDIGO) 2012 guidelines BP <140 and diastolic BP <90

With albuminuria, systolic
BP <130 and diastolic BP <80

NICE 2019 Systolic BP <130
Diastolic BP <80

Hypertension Canada 2020 Systolic BP <120 for severe CKD

Abbreviations: BP, blood pressure; CKD, chronic kidney disease

cially in younger and/or proteinuric patients. Nevertheless,
blood pressure targets should be individualised to the patient’s
condition, tolerance to anti-hypertensive treatments, and inter-

actions with other treatments.

Non-pharmacological Management of
Hypertension in Chronic Kidney Disease

e Reduce dietary salt intake to less than 2 g/day — the DASH
(Dietary Approaches to Stop Hypertension) diet may not be
appropriate in patients with CKD due to the risk of hyperkalae-
mia when eating more fruits and vegetables as recommended

by the DASH diet.
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e Limit intake of alcohol to no more than 2 drinks a day in men

or 1 drink a day in women.
e Stop smoking

e Moderate-intensity physical activity for 2150 minutes per week,
if tolerated

e Lose weight, if overweight or obese

Pharmacological Management of Hypertension in
Chronic Kidney Disease

e Drug therapy for HTN should be individualised to the patient’s
condition and concurrent therapies. However, multiple anti-
hypertensive drugs are frequently needed, and polypharmacy
increases the risk of adverse effects, drug interactions, non-
adherence, and drug costs.

e During initiation and titration of anti-hypertensive therapy,

patients should be:

= advised to record home BP measurements which can
be reviewed at the next clinic visit — the technique of

measuring BP at home should be reviewed.

= reviewed 2 to 4 times per week if BP is poorly controlled
to titrate doses or start additional anti-hypertensive agents
(after 1-2 adjustments of initial anti-hypertensive drugs).
Patients with severe asymptomatic HTN (e.g., systolic
BP 2180 mmHg and/or diastolic BP 2110 mmHg) should
be reviewed earlier (e.g., 1 week after initiation of anti-

hypertensive drug treatment).

» checked for non-adherence to lifestyle modifications and
anti-hypertensive drugs.
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e Nocturnal dosing of anti-hypertensive medications has been
shown to achieve better BP control and reduce the incidence

of cardiovascular events than morning dosing.

e Renin-angiotensin system (RAS) blockers such as angioten-
sin-converting enzyme inhibitors (ACEi) and the angiotensin
II-receptor blocker (ARB) are the first-line anti-hypertensive
drugs of choice to treat HTN in patients with CKD. They reduce
both the kidney and cardiovascular risks in CKD. In addition,
they reduce proteinuria independent of their effect on BP.
However, they can cause:

» Hyperkalaemia, whichcanbemitigatedbydietaryrestrictions,
diuretics, correction of metabolic acidosis, adjustment
of medications that cause hyperkalaemia, and the use of
potassium binders such as sodium zirconium cyclosilicate

(Lokelma®) or polystyrene sulfonate (Resonium®).

= Reversible decline in GFR (generally less than 30%) at
the start of therapy which by itself is not an indication to
discontinue RAS blockers.

Combination therapy with ACEi and ARB are no longer rec-
ommended as they have been shown to increase the risk of adverse
effects without improvement in the progression of CKD or cardio-
vascular events.

There is insufficient evidence to support routine discontin-
uation of ACEi and ARB in progressive CKD — generally, ACEi
and ARB should only be discontinued if there are adverse effects

or contradictions have emerged.

e Calcium channel blockers (CCB) are often added to RAS
blockers if BP remains uncontrolled or they are acceptable
initial agents when CKD is not associated with proteinuria.
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A combination of CCBs and RAS blockers has been shown to
reduce the progression of kidney disease and cardiovascular
events. CCB may be added first if the patient is not yet suitable
for RAS blockers (e.g., hyperkalaemia). Non-dihydropyridine
CCBs (e.g., diltiazem) are better than dihydropyridine CCBs
(e.g., amlodipine) in reducing proteinuria but are associated
with significant interactions with other drugs. The most com-

mon side effect of CCB is peripheral oedema.

Diuretics can be prescribed when there is fluid overload or as
an additional anti-hypertensive drug after RAS blockers and
CCB have been prescribed. Loop diuretics are the preferred
diuretics in CKD but can be combined with thiazide diuretics
for synergistic effect. Higher doses of diuretics are required
as the GFR declines. Diuretics should generally be avoided in
polycystic kidney disease due to accelerated cyst growth.

Beta blockers are useful when there is coronary artery disease
or cardiac failure. Otherwise, they are added only if blood pres-
sure remains uncontrolled despite RAS blockers, CCBs, and
diuretics. Beta blockers that are hepatically excreted and with

vasodilatory properties (e.g., carvedilol) are preferred.

Aldosterone antagonists (e.g., spironolactone, finerenone) can
also be considered as they can lower BP and proteinuria and
may retard the progression of CKD. They are an alternative to
beta blockers as a fourth anti-hypertensive agent but are asso-
ciated with a risk of hyperkalaemia. They are also beneficial in
patients with left ventricular dysfunction.

Other anti-hypertensive drugs such as e<-adrenoceptor antago-
nists (e.g., prazosin) and vasodilators (e.g., hydralazine) have not
been shown to reduce cardiovascular events or progression of
CKD, but they may be added when HTN is poorly controlled.



150 The Kidney Book

e Sodium-glucose cotransporter 2 (SGLT2) inhibitors are often
prescribed in eligible patients to retard the progression of
CKD. However, they can also reduce BP but the effect is

modest.
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Introduction

e Chronic Kidney Disease-Mineral Bone Disorder (CKD-MBD)
is a systemic disorder of mineral and bone metabolism due to

CKD, manifested by either one of a combination of:

» Abnormalities of calcium, phosphate, PTH, or vitamin D

metabolism

= Abnormalities in bone turnovers, mineralisation, volume,

linear growth, or strength
= Vascular or other soft tissue calcification

e Hyperparathyroidism is the primary presentation of CKD-
MBD but differs from primary hyperparathyroidism in that
hyperparathyroidism due to CKD-MBD is usually secondary
to reduction of the kidney’s ability to excrete phosphate.

e As the glomerular filtration rate (GFR) declines, the kidney’s
ability to excrete phosphate is progressively impaired and
hyperphosphataemia develops (Figure 15.1). To maintain a nor-
mal phosphate level, the kidney adapts by increasing fibroblast
growth factor 23 (FGF-23) secretion. FGF-23 stimulates uri-
nary excretion of phosphate and together with impaired kidney
function, also inhibits the hydroxylation of 25 vitamin D to its
active form 1,25 vitamin D. This causes vitamin D deficiency,

W i51
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Figure 15.1: Phosphate Metabolism with Declining Kidney Function

Source: Wolf M (2010). Forging forward with 10 burning questions on FGF23 in kidney disease. |
Am Soc Nephrol 21(9): 1427-1435.

which is associated with reduced absorption of phosphate from
the kidneys and gastrointestinal tract.

These changes subsequently lead to a reduction in serum cal-
cium and stimulate serum parathyroid hormone (PTH) lev-
els to rise. PTH increases serum calcium levels through bone
resorption as well as increased reabsorption by the kidney and

gastrointestinal tract.

As kidney function deteriorates further, this adaptive mecha-
nism is overwhelmed and the parathyroid glands become auton-
omous, leading to tertiary hyperparathyroidism (Table 15.1).

Secondary and tertiary hyperparathyroidism would subse-
quently lead to the other 2 manifestations of CKD-MBD —
abnormalities in bone turnovers, mineralisation, volume, linear
growth, or strength, as well as vascular or other soft tissue cal-

cification.
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Table 15.1: Biochemical Differences Between Primary, Secondary,
and Tertiary Hyperparathyroidism

Biochemical Primary Secondary Tertiary
Parameter  Hyperparathyroidism Hyperparathyroidism Hyperparathyroidism
Calcium T l T

Phosphate l T T

iPTH T T T

Abbreviation: iPTH, ionised parathyroid hormone

Management of Chronic Kidney Disease
Mineral Bone Disease

Control phosphate

e The main treatment strategy for preventing and treating hyper-
parathyroidism due to CKD-MBD is mainly to reduce phos-
phate load to the kidney.

e This can be achieved via the following

= Restriction of phosphate in diet
= Phosphate binders

= Phosphate transport inhibitor

»  Optimising dialysis

e The main strategies in early CKD, even prior to evidence of
hyperphosphataemia, is to restrict phosphate in the diet. Phos-
phate from dietary sources is absorbed in the gastrointestinal
tract to varying degrees — plant based phosphate (20-40%),
animal-based phosphate (30-80%), and inorganic phosphate
from food additives (90-100%).

e However, it is important to avoid malnutrition while restricting

dietary phosphate — the Kidney Dialysis Outcomes Quality



Table 15.2: Types of Phosphate Binders Available in Singapore

Phosphate
Binders Dosage Content Potential Advantages Potential Disadvantages
Calcium 667 mg Contains 25% Effective Potential for hypercalcaemia
acetate™ Total elemental calcium intake elemental Ca  Less calcium absorption Gastrointestinal side effects
should not exceed 2 g/day /tab (160 mg) More costly than calcium carbonate
(dietary 500 mg + elemental Ca
in phosphate binder 1500 mg)
Calcium 625 mg, 1250 mg Contains 40% Effective Potential for hypercalcaemia
carbonate* Total elemental calcium intake elemental Ca  Inexpensive Gastrointestinal side effects
should not exceed 2 g/day (250 mg or
(dietary 500 mg + elemental Ca 500 mg /tab)
in phosphate binder 1500 mg)
Sevelamer 800 mg-1600 mg TDS with meals Effective Cost
No calcium/metal Metabolic acidosis
Not absorbed May require calcium supplement in
Reduce low density lipoprotein level the presence of hypocalcaemia
Slow progression of vascular calcification Gastrointestinal side effects
Lanthanum 500 mg-1 g TDS with meals or Effective Cost
immediately after meals Non-calcium binder Potential for accumulation due to
Chewable gastrointestinal absorption
Slow progression of vascular calcification Long term clinical consequences
unknown
Gastrointestinal side effects
Sucroferric 500 mg TDS 500 mg Effective Cost
oxyhydroxide of iron Non-calcium binder Gastrointestinal side effect
(velphoro) (minimally Easy to chew
adsorbed) Slow progression of vascular calcification

Abbreviations: Ca, calcium; TDS, three times a day
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Table 15.3: Practical Tips in the Use of Phosphate Binders

o The phosphate-binding properties of calcium acetate and calcium
carbonate are largely similar. However, the choice of one over the other
may depend on their calcium content, which differs (calcium acetate and
calcium carbonate has 325 and 500 mg of elemental calcium, respectively).

¢ Non-calcium-based phosphate binders such as sevelamer, lanthanum, and
velphoro are preferred in CKD patients with vascular calcification, low
PTH, or adynamic bone disease. However, they are more costly.

e Adherence to phosphate binders can be challenging for patients. The best
phosphate binder is the one that the patient is taking.

e Dialysis may eventually be indicated to control phosphate when dietary
restriction and phosphate binders become inadequate to control phosphate
in advanced CKD.

e Phosphate transport inhibitors (e.g., tenapanor) block sodium phosphate
co-transported in the GI tract but is not available for clinical use at the time
of writing.

Initiative (KDOQI) guidelines recommend a dietary phos-
phate/protein ratio of 12-16 mg phosphorus/g of protein.

e As GFR continues to decline, dietary phosphate restriction
alone would not be sufficient to prevent hyperphosphataemia
and phosphate binders would be required (Tables 15.2 and
15.3). Phosphate binders need to be taken with food so that it
can mix and bind the phosphate in the diet.

e Chewing/crushing for certain types of phosphate binders may
increase surface area and improve binding capacity.

Avoid calcium loading

e Corrected total calcium should be maintained within the nor-
mal range for the lab used, preferably toward the lower end
(2.1 to 2.37 mmol/L). However, the serum calcium level may

not be truly reflective of the total body calcium level.
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e Dialysate calcium of 1.25 mmol/L should be used in most
patients on dialysis unless serum calcium levels are low or after

parathyroidectomy.

e Calcium-based phosphate binders should be avoided in patients
who are hypercalcaemic or show significant evidence of vascu-

lar calcification.

Vitamin D and PTH

e Serum calcium, phosphate, and vitamin D levels should be mea-
sured in patients with stage 3, 4, and 5 CKD who have elevated

iPTH levels. Any abnormalities found should be corrected.

e For stage 3 and 4 CKD stage patients, treat vitamin D insuffi-
ciency or deficiency if the vitamin 25(OH)D level is <30 ng/mL
(Table 15.4).

Table 15.4: Recommended Supplementation for Vitamin D Deficiency/
Insufficiency in Patients with Stage 3 and 4 Chronic Kidney Disease

Serum
25(0H)D
(ng/mL) Ergocalciferol
(nmol/L) Definition Dose Duration Comment
<5[12] Severe 50,000 IU/wk orally 6 months Measure
vitamin D x 12 weeks, then 25 (OH) D
deficiency monthly levels after 6
500,000 IU as months
single IM dose
5-15[12-37] Mild 50,000 TU/wk 6 months Measure
vitamin D orally x 4 weeks 25 (OH) D
deficiency then 50,000 1U/ levels after 6
month orally months

16-30 [40-75] Vitamin D 50,000 IU/month 6 months
insufficiency  orally

Source: National Kidney Foundation (2003). K/DOQI clinical practice guidelines for
bone metabolism and disease in chronic kidney disease. Am | Kidney Dis 42(4 Suppl
3): S1-S201.
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Alphacalcidiol and vitamin D analogs are not routinely recom-
mended for adult patients with CKD G3a-G5 (GFR <60 mL/
min/1.73m?) who are not on dialysis. However, it is reasonable
to use alphacalcidol and vitamin D analogs for patients with
CKD G4-G5 (GFR <30 mL/min/1.73m?) who have severe
and progressive hyperparathyroidism.

In patients with CKD G5D (on dialysis) requiring PTH-low-
ering therapy, calcimimetics, alphacalcidol/vitamin D
analogs, or a combination of calcimimetics with alphacalcidol/

vitamin D analogs can be used.

Alphacalcidol 1 or other vitamin D sterols should be reduced or
stopped when there is hypercalcaemia and hyperphosphatae-

mia.

Pulse therapy of alphacalcidol and vitamin D analogs (e.g.,
2-3 doses per week) is preferred, especially in the presence of
hypercalcaemia and hyperphosphataemia.

»  Usual starting doses are 0.25-0.5 ug 3 times/week (start at
no higher than 1 g 3 times/week).

= Up to 3 pug 3 times per week can be used but with risk of
worsening vascular calcification.

» Intravenous therapy for dialysis patients improves
compliance and possibly reduces intestinal absorption of
calcium and phosphate.

» Monitoring with adjustment of doses is required to avoid
hypercalcaemia. Serum calcium and phosphate level
should be monitored during therapy with vitamin D.

e Vitamin D should be avoided in patients with low iPTH level.

e Alternatives to alphacalcidiol and vitamin D analogs are calcimi-
metic agents (e.g., cinacalcet and etelcalcitide). They increase
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the sensitivity of the Ca-sensing receptor in parathyroid cells
to activation by extracellular Ca, thereby downregulating PTH
levels and consequently lowering serum Ca and phosphorus.
A limiting factor to their widespread use is high prescribing
cost.

Parathyroidectomy

e Under conditions of persistent hyperphosphataemia, hypocal-
caemia, and vitamin D deficiency, calcium sensing and vitamin
D receptors in the parathyroid gland are downregulated. Even-
tually, the parathyroid glands would develop into adenomas

which are no longer responsive to medical therapy.

e Parathyroidectomy would be the treatment of choice in the fol-

lowing clinical situations:

» Clinical complications — Calciphylaxis, bone pain,
fractures, intractable pruritis not responding to medical
therapy

» Radiological complications — Progressive metastatic

calcification, brown tumours, bone resorption, rugger-
jersey spine, pepper pot skull, chondrocalcinosis
» Biochemical — Hypercalcaemia with or without concurrent
vitamin D therapy; the latter may be necessary to control
secondary hyperparathyroidism
e Two major types of parathyroidectomies are performed around
the world — subtotal parathyroidectomy and total parathyroid-
ectomy with deltoid implants

e Some of the major risks associated with surgeries are:
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» Local complication — bleeding, infection, haematoma,
recurrent laryngeal nerve injury (causing weakness or
paralysis of the vocal cords)

» Hungry bone syndrome
= Hypoparathyroidism with prolonged severe hypocalcaemia

» Recurrent hyperparathyroidism with deltoid implant or
subtotal parathyroidectomy
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Parathyroidectomy

Chapter
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Introduction

e Parathyroidectomy remains an important treatment option for
patients with severe hyperparathyroidism that is refractory to
medical therapy. Even though calcimimetics have significantly
reduced the number of parathyroidectomies done worldwide,

many patients still undergo this procedure.

e There is currently no consensus on the threshold parathyroid
hormone (PTH) level for a parathyroidectomy to be performed.
The type of parathyroidectomy and the management after a
parathyroidectomy also vary significantly across centres.

e Parathyroid hormone (PTH) level may not be a good predictor
of parathyroid-mediated high turnover disease — most para-
thyroid hormone level assays are 2nd-generation assays that
detect PTH fragments which accumulate in end-stage kidney

disease.

e Alternative bone turnover markers such as bone-specific alka-
line phosphatase (ALP) may improve the prediction of bone
turnover when interpreted together with the PTH level.
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Total Parathyroidectomy vs. Subtotal

Parathyroidectomy vs. Total Parathyroidectomy

with Auto Implantation

Parathyroidectomy can be total with or without auto-implanta-
tion or subtotal.

All 3 surgical techniques have been demonstrated to improve
quality of life in patients with severe hyperparathyroidism.
Improvement in symptoms is usually seen early — within a
month post parathyroidectomy and may persist for up to 1 year
following surgery.

Systematic reviews have also shown that parathyroidectomy is

associated with better cardiovascular as well as overall mortality.

The rate of recurrence has been documented to be higher in
patients who underwent subtotal parathyroidectomy vs. total
parathyroidectomy with auto implantation or in those who
underwent total parathyroidectomy without auto implantation.

The choice of surgical technique should be determined based
on the patient profile. However, in Singapore where dialysis
survival is high and the waiting time for a transplant may be
more than a decade, total parathyroidectomy with auto implan-
tation is preferred over subtotal parathyroidectomy. Total para-
thyroidectomy without auto implantation is avoided because of

concerns with permanent hypoparathyroidism.

Hungry Bone Syndrome

Hungry bone syndrome is a state of profound and often pro-
longed hypocalcaemia associated with hypophosphataemia and
hypomagnesaemia occurring after parathyroidectomy.
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There is no consensus on the diagnostic criteria and the inci-
dence of hungry bone syndrome varies widely in the literature.

The severity of hungry bone syndrome is proportionate to the
extent of parathyroid-mediated high turnover bone disease.

PTH increases both bone formation as well as resorption. The
mechanism of hungry bone syndrome is postulated to be due to
acute reversal of parathyroid hormone-mediated bone resorp-
tion to maintain serum calcium concentration. Sudden reduc-
tion in PTH following parathyroidectomy causes an imbalance
between osteoblast and osteoclast activities. A sudden decrease
in osteoclastic activity with continued osteoblast activity drives

the influx of calcium and phosphate into bones.

Multiple risk factors for hungry bone syndrome have been
identified, but none are well validated. Some of the risk factors

reported in the literature include:
=  Old age

= Size of the gland removed

= Pre-operative PTH level

= Pre-operative ALP level

= Vitamin D deficiency

Treatment of hungry bone syndrome

There is insufficient data-driven evidence on the best means to
treat, minimise, or prevent this complication.

Treatment is aimed at replacing severe calcium deficit with
high dose of calcium as well as vitamin D supplements.

KDIGO in 2005 recommends that oral calcium should be
initiated as soon as the patient is allowed to take orally, and
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a calcium gluconate infusion should be initiated at a rate of
1 to 2 mg elemental calcium per kg bodyweight per hour when
ionic calcium falls below <0.9 mmol/L (corrected total serum
calcium of 1.80 mmol/L).

e Phosphate replacement should be avoided in patients with
hungry bone syndrome since phosphate can combine with cal-

cium to further reduce plasma calcium concentration.

e Magnesium levels should be checked and replaced accordingly,
as hypomagnesaemia can contribute to refractory hypocal-
caemia by potentially further diminishing PTH secretion and
inducing PTH resistance.

e Pre-operative administration of bisphosphonates has been
postulated to prevent severe hungry bone syndrome, but this

remains to be proven.

e Most centres have developed protocols for dialysis patients
who undergo parathyroidectomy. The protocol at the Singa-
pore General Hospital (SGH) was developed with the follow-
ing considerations:

= ALP]levelisabetter surrogate marker of bone turnover than
PTH as the assay used in SGH remains a 2nd-generation
assay which detects PTH fragments that accumulate in
patients with end-stage kidney disease.

» Intravenous calcium replacement is given prophylactically
rather than waiting for hypocalcaemia to occur.

» The amount of intravenous calcium replacement is
determined by the pre-operative ALP level and titrated
according to patients’ calcium level.
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Hypertensive

- Emergencies
Liew Zhong Hong, Wong Kok Seng
Introduction

Hypertensive crisis is a collective term for hypertensive emer-
gencies and urgencies (Table 17.1) — 1 to 2% of patients with
hypertension (HTN) will suffer a hypertensive crisis in their

lifetime.

Hypertensive Urgencies

Hypertensive urgency is the most common type of hyperten-

sive crisis.
It is usually asymptomatic, or a mild headache may be reported.

Hypertensive urgency can be treated by intensification,
resumption of pre-existing antihypertensive drugs, or initiation
of antihypertensive therapy in the treatment naive.

Patients do not require referral to the emergency department
or hospitalisation.

Blood pressure (BP) can be slowly reduced over 24-48 hours,
aiming for <25% reduction within the first 24 hours.

Patients should be followed-up within a week to ensure BP is

controlled.

W 167
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Table 17.1:

Definitions of Hypertensive Emergencies and Urgencies

Hypertensive
emergency

Hypertensive
urgency

Severe elevations of BP (2180/120 mmHg) associated with

new or worsening target organ damage (BARKH acronym)
Brain

— Hypertensive encephalopathy

— Intracranial or subarachnoid haemorrhage

— Acute cerebral infarction

Arteries

— Aortic dissection

- Eclampsia

Retina

— Hypertensive retinopathy

Kidney

— Acute kidney failure

— Thrombotic microangiopathy

Heart

— Acute myocardial infarction

— Acute left ventricular failure/acute pulmonary oedema
— Myocardial ischaemia (e.g., angina pectoris or infarction)

Severe elevations of BP (=180/120 mmHg) in otherwise stable

patients without acute or impending change in target organ
damage or dysfunction.

Abbreviation: BP, blood pressure

Hypertensive Emergencies

e Hypertensive emergencies are potentially lethal with a 1-year

mortality rate >79%.

e Risk factors for hypertensive emergencies include:

Older age

Non-adherence to treatment

Lack of insurance or a primary care doctor

e Unlike hypertensive urgency, hypertensive emergencies require

admission to a high dependency or intensive care unit for
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continuous BP monitoring, frequent neurological and kidney
function assessment, and the administration of intravenous

(IV) antihypertensive drugs.

Evaluation of hypertensive emergencies

e The most common presentation of hypertensive emergencies
are cerebral infarction, hypertensive encephalopathy, and pul-

monary oedema.
e Determine:
» Symptoms and signs of specific target end-organ damage
(Table 17.2) including doing a fundoscopy to detect
papilledema and retinopathy — arteriolar spasm, retinal

Table 17.2: Symptoms and Signs of Hypertensive Emergencies

Organ
System Symptoms Signs

Neurological Visual disturbances, dizziness,  Carotid bruit, focal
headache, seizures, change in ~ neurological signs
mental state, dysphagia, loss
of sensation, paraesthesia,
loss of movement, nausea/
vomiting (sign of raised
intracranial pressure)

Cardiac Chest pain, dyspnoea, Jugular venous distension,
diaphoresis, orthopnoea, murmurs, friction rub,
paroxysmal nocturnal additional heart sound,

dyspnoea, palpitations, back lateral displacement of the

pain (sign of aortic dissection)  apex beat, lung crepitations,
differences in BP between
arms (sign of aortic
dissection), peripheral
oedema

Kidney Reduced urine output Renal bruit

Abbreviation: BP, blood pressure
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oedema, retinal haemorrhages, retinal exudates (cotton-

wool spots), engorged retinal veins

History of HTN — duration, level of control or recent
worsening, anti-hypertensive drug therapy — adherence,
change in doses or type of drugs

Conditions associated with HTN, e.g., endocrinopathies,
chronic kidney disease (CKD), etc.

Use of drugs that can elevate BP

— Non-steroidal anti-inflammatory drugs (NSAIDs)

—  Oral contraceptives

—  Sympathomimetics

—  Glucocorticoids

— Mineralocorticoids

— Calcineurin inhibitors

—  Erythropoietin

— Vascular endothelial growth factor inhibitors

— Illicit drugs (e.g., cocaine)

— Herbal supplements

— Drug or food interactions with monoamine oxidase
inhibitors

Lifestyle — excessive dietary salt intake, alcohol

consumption, obesity

The date of last menstrual period for pregnancy status

e Laboratory examination

Renal panel

Full blood count (FBC)
Peripheral blood film

Lactate dehydrogenase (LDH)
Haptoglobin



Hypertensive Emergencies 171

»  Urine full and microscopic examination (UFEME)
= Chest X-ray (CXR)
» Electrocardiogram (ECG)

» Otherinvestigations depending on presentation and clinical
findings, such as:
— Cardiac enzymes
—  Brain natriuretic peptide
— Toxicology screen
— CT or magnetic resonance imaging MRI of the brain
—  CT chest or aortogram
—  Echocardiogram
— Tests for specific causes of secondary hypertension

Management of hypertensive emergencies

e Treatment should not be delayed while performing diagnostic

tests.

e The choice of drug, desired BP target, and the time course to
achieve the target BP depends on target organ involvement,
comorbidities, drug pharmacology, and contraindications
(Table 17.3).

e The US Joint National Committee on Prevention, Detection,
Evaluation and Treatment of High Blood Pressure recom-
mends that the initial goal of therapy in hypertensive emergen-
cies is to reduce the mean arterial BP (MAP) by no more than
25% (within minutes to 1 hour), then, if stable, to 160/100—
110 mmHg within the next 2-6 hours. If the initial level of
reduced BP is well tolerated, further gradual reductions toward
a normal BP (<130/80 or 140/90 mmHg) can be targeted over
the next 24 to 48 hours.
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Table 17.3: Hypertensive Emergencies and Preferred Choice of
Antihypertensive Drugs at the Singapore General Hospital

Preferred
Condition Treatment Comment
Cerebral IV labetalol or If patient is for thrombolytic therapy,
infarction IV nitroprusside aim for BP <185/110 mmHg
otherwise withhold antihypertensive
treatment unless SBP >220 mmHg
or DBP >120 mmHg
Intracerebral 1V labetalol or If there is raised intracranial pressure
haemorrhage IV esmolol (ICP), aim for SBP <180 mmHg
(MAP <130 mmHg) for the first
24 hours but if there is no raised
ICP, aim for SBP <160 mmHg
(MAP <110 mmHg)
Subarachnoid IV labetalol or Aim for SBP <160 mmHg until the
haemorrhage IV esmolol aneurysm is treated or cerebral
Vasospasm occurs
Hypertensive 1V labetalol or Aim for 20-25% reduction in MAP
encephalopathy IV esmolol or Avoid hydralazine

Aortic dissection

Myocardial
ischaemia or
infarction

Left ventricular
failure

IV nitroprusside

1V labetalol or

IV esmolol

with or without

IV nitroprusside or
IV glyceryl trinitrate

IV esmolol +

IV glyceryl trinitrate

IV labetalol +

IV glyceryl trinitrate

IV glyceryl trinitrate

or

IV nitroprusside

Both with IV
diuretics

Aim for SBP <120 mmHg within
20 minutes and maintain
<110 mmHg if tolerated. Beta
blockers should precede vasodilator
administration to prevent reflex
tachycardia and worsen shear
stress on the intimal flap. However,
avoid beta blocker if there is
aortic regurgitation or cardiac
tamponade.

Aim for BP <160/100 mmHg —
thrombolytics are contraindicated
if BP >185/100 mmHg

Beta blockers are contraindicated
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Table 17.3: (Continued)

Preferred
Condition Treatment Comment
Acute kidney IV labetalol IV nitroprusside is contraindicated
failure or
IV glyceryl trinitrate
Pre-eclampsia or IV labetalol IV nitroprusside is contraindicated
eclampsia or
IV hydralazine

Abbreviations: IV, intravenous; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic
blood pressure; MAP, mean arterial pressure

Table 17.4: Intravenous Antihypertensive Drugs for Treatment of
Hypertensive Emergencies Available at the Singapore General Hospital

Class Drugs Usual Dose Range Comments
Alpha and Labetalol Initial IV slow bolus Contraindicated in
nonselective 0.3-1.0 mg/kg/dose e Reactive airway disease
beta (maximum 20 mg) every e Second- or third-degree
receptor 10 mins heart block
antagonist or e Bradycardia
Initial IV infusion It may worsen heart

0.4-1.0 mg/kg/hr up to failure but is useful
3 mg/kg/hr. Adjust rate for hyperadrenergic
up to total cumulative symptoms.
dose of 300 mg. This
dose can be repeated

every 4-6 hrs.

Beta, Esmolol Loading bolus dose Contraindicated in
receptor 500-1000 mecg/kg/min e Concurrent beta
selective over 1 min followed blocker therapy
antagonist by a 50 meg/kg/min e Bradycardia

infusion. For additional e Decompensated heart
dosing, the bolus dose failure

is repeated and the Monitor for bradycardia
infusion increased May worsen heart failure
in 50 meg/kg/min Higher doses may block

increments as needed to  beta, receptors and
a maximum of 200 mcg/  worsen reactive airway
kg /min. disease

(Continued)
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Table 17.4: (Continued)
Class Drugs Usual Dose Range Comments
Nitric oxide ~ Glyceryl Initial 5 mcg/min; Use only in patients with
dependent trinitrate increase in increments acute coronary syndrome
vasodilator of 5 meg/min every or acute pulmonary
3-5 min to a maximum oedema. Do not use in
of 20 mcg/min volume depleted patients.
Nitric oxide  Sodium Initial 0.3-0.5 meg/ Intra-arterial
dependent nitroprusside  kg/min; increase in BP monitoring
vasodilator increments of 0.5 meg/  recommended to prevent
kg /min to achieve “overshoot”. Lower
BP target; maximum dosing adjustment
dose 10 meg/kg/min; required for the elderly.
duration of treatment Tachyphylaxis common
as short as possible. For  with extended use.
infusion rates >4-10 Cyanide toxicity with
mcg/kg/min or duration  prolonged use can
>30 mins, thiosulphate result in irreversible
can be coadministered neurological changes and
to prevent cyanide cardiac arrest.
toxicity
Direct Hydralazine Initial 10 mg via slow BP begins to decrease
vasodilator IV infusion (maximum within 10-30 mins and

initial dose 20 mg);
repeat every 4-6 hrs as
needed.

the fall lasts 24 hrs.
Unpredictability of
response and prolonged
duration of action do
not make hydralazine a
desirable first-line agent
for acute treatment in
most patients.

Abbreviations: IV, intravenous; mg, milligrams; kg, kilograms; mecg; micrograms; hrs, hours; min,

minutes; BP, blood pressure

e However, there are specific conditions which require more
rapid lowering of SBP to <140 mmHg in the first hour of

treatment, such as:

= Aortic dissection

= Severe preeclampsia or eclampsia
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» Pheochromocytoma with hypertensive crisis

e Continuous infusion of short-acting anti-hypertensive drugs is
preferred (Table 17.4). Once the BP is stabilised and the risk of
end-organ damage has subsided, IV antihypertensive drugs can
be titrated downwards, followed by conversion to oral antihy-
pertensive drugs.
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Introduction

e Renovascular hypertension (HTN) is defined as systemic HTN
caused by compromised blood supply to the kidneys, usually
due to renal artery stenosis (RAS).

e Renovascular HTN is the most common (75%) cause of sec-

ondary HTN (Table 18.1).

e The 2 most common causes of renovascular HTN are athero-
sclerosis and fibromuscular dysplasia (FMD) (Table 18.2).

Table 18.1: Causes of the Syndrome of Renovascular Hypertension

Unilateral Disease Bilateral Disease

e Atherosclerotic RAS e Stenosis to a solitary functioning

e Fibromuscular dysplasia kidney

e Renal artery aneurysm e Bilateral RAS

e Arterial embolus e Aortic coarctation

e Arteriovenous fistula (congenital/ e Systemic vasculitis (e.g., Takayasu’s
traumatic) polyarteritis)

e Segmental arterial occlusion e Atheroembolic disease
(post-traumatic) e Vascular occlusion due to

o Extrinsic compression of renal endovascular aortic stent graft

artery (e.g., pheochromocytoma)
e Renal compression (e.g.,
metastatic tumour)

Abbreviation: RAS, renal artery stenosis
mi77
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Table 18.2: Atherosclerotic Renal Artery Stenosis vs. Fibromuscular

Dysplasia
Atherosclerotic RAS Fibromuscular
(ARAS) Dysplasia (FMD)
Cause of renovascular 90% 10%
hypertension
Pathogenesis Atherosclerosis Medial fibroplasia
Prevalence 10-15% aged over 50 years, 1-3%

Age at onset
Gender
Prevalence

Location of renal
artery stenosis

Extrarenal
involvement

Progression to
end-stage kidney

disease

increasing to 50-60%
in older patients with

atherosclerosis elsewhere

Older >50 years
Male > Female
High

Ostial or proximal

Atherosclerosis can affect
other arterial beds

Common —

With 5 years — 51% will
progress, 8-16% will
occlude, and 17% will
become bilateral renal
artery stenosis

Effective intervention Angioplasty + stent

Cure of hypertension

Unlikely

Younger <40 years

Female > Male

Low

Middle or distal

Multiple segments of
stenosis, giving rise
to the string of beads
appearance

FMD can affect other
arterial beds

Unusual — progression
is not well-defined

Angioplasty

Normotension in most
patients (e.g., 74% at
1 year)

Abbreviation: RAS, renal artery stenosis

e RAS can lead to ischaemic nephropathy, which is defined as a
reduction in glomerular filtration rate (GFR) and a loss of renal
parenchyma caused by haemodynamically significant RAS (ste-
nosis that reduces the vessel diameter by 60%).
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e According to the Goldblatt model of RAS:
= Unilateral RAS causes reduction in the affected kidney

perfusion pressure, activation of the renal angiotensin-
aldosterone system (RAAS), suppression of renin release,
and pressure natriuresis from the contralateral kidney.

= Bilateral RAS or RAS of a single functioning kidney is
similar but because there is no other normal functioning
kidney, activation of the RAAS causes impaired sodium
excretion and volume-dependent HTN.

The Goldblatt model assumes the kidneys are normal and
have a normal RAAS response — this may apply for patients with
FMD but not with ARAS where there are other causes of HTN. As
a result, HTN may not improve with revascularisation in patients
with atherosclerotic RAS (ARAS).

Clinical Clues that Suggest Renovascular
Hypertension

e Young onset HTN without a family history

e New onset of severe HTN or acute worsening of blood pres-
sure (BP) or HTN over a previously stable baseline

e Drug-resistant HTN — HTN despite treatment with >3 drugs
of different classes at optimal doses

e Acute kidney injury (AKI) after starting an angiotensin-
converting enzyme inhibitor (ACEI) or angiotensin receptor

blocker (ARB)

e Severe HTN and/or kidney impairment in patients with diffuse

atherosclerosis

e Recurrent episodes of acute pulmonary oedema
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e Systolic-diastolic abdominal bruit on one side of the abdomen

e Renal asymmetry (>1.5 cm) on imaging

Screening and Diagnostic Tests

e Routine work—up is not speciﬁc — urine microscopy is unre-
markable, proteinuria is absent or mild, serum creatinine may
or may not be elevated. Biochemical tests like plasma renin

concentrations lack specificity.

e Imaging (Table 18.3) for renovascular HTN should be per-
formed for patients with clinical suspicion and who are likely to

benefit from revascularisation.

Table 18.3: Screening Tests for Renal Artery Stenosis

US Doppler CTA MRA
Advantages e Inexpensive e Non-invasive e Non-invasive
e Non-invasive e More sensitive e No radiation
e No radiation and specific than
e No contrast the US doppler
e Easier to perform
serially to monitor
for recurrent RAS
Disadvantages e Time consuming e More expensive  ® Most expensive
e Technically e Involves radiation e Requires
difficult to e Requires contrast, contrast, so
perform so there is risk of there is risk of
e Results are contrast-induced nephrogenic
operator- nephropathy systemic
dependent e Distal RAS like fibrosis in
¢ Obesity and bowel those by FMD is patients with
gas may impair more difficult to low GFR

quality of images visualise

Abbreviations: US, ultrasound; CTA, computed tomography angiogram; MRA, magnetic resonance
angiogram; RAS, renal artery stenosis; FMD, fibromuscular dysplasia; GFR, glomerular filtrate rate
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e An ultrasound (US) doppler is usually the first-line imaging
modality because it is the cheapest and does not involve con-
trast agents — duplex criteria for RAS >60% include:

» Renal artery peak systolic velocity (PSV) >200 cm/s
= Ratio of PSV in renal artery to PSV in aorta (renal/aortic
ratio) >3.5

Resistive index (RI = [PSV — end diastolic velocity]/PSV) >80
may indicate irreversible kidney damage and hence a lower
likelihood of benefit from revascularisation.

e For computed tomography angiogram (CTA) or magnetic res-
onance angiography (MRA), a stenosis >75% or a 50% stenosis
with post-stenotic dilatation suggests a haemodynamically sig-

nificant stenosis.

e Catheter angiography is the gold standard test to confirm the

diagnosis of RAS, but it is invasive and involves contrast exposure.

Management

Medical therapy

e Medical therapy should be offered to all with renovascular
HTN.

e Anti-hypertensive drugs:

=  Frequently multiple drug regimens

= ACEI/ARB should be tried first but must be monitored
carefully for acute kidney injury

= If BP cannot be controlled with ACEI/ARB, other agents
like thiazide diuretics, long-acting calcium channel
blockers, mineralocorticoid receptor antagonists, or beta

blockers may be added as necessary
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Statin to control hyperlipidaemia

Antiplatelet agent (e.g., low dose aspirin)

Weight loss

Smoking cessation

Medical treatment should be monitored closely for:
» Impaired kidney function with ACEI/ARB
= Progression of stenosis and vascular occlusion

» Normalisation of systemic arterial pressure which may

result in renal hypoperfusion and ischaemic renal atrophy

Percutaneous revascularisation

Several studies (DRASTIC, STAR, ASTRAL, CORAL) on
the revascularisation of ARAS reported no difference in renal
function as well as cardiovascular and mortality outcomes
when revascularisation was compared to medical therapy while
reduction of BP was only modest. However, these studies
were limited by methodological problems. Nevertheless, this
suggests that routine revascularisation is not warranted for all
patients.

Only a select group of patients may benefit from revasculari-
sation:

» Short duration of HTN (duration <1 years)

»  Drug-resistant HTN

= Intolerance to medical therapy

» Progressive kidney impairment

» Bilateral RAS with progressive loss of renal functional mass
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» Single native kidney or transplanted kidney with RAS
= Flash pulmonary oedema

e If revascularisation proceeds, a haemodynamically significant
stenosis needs to be confirmed prior to balloon angioplasty +

stent which is defined as:

= 70% lumen occlusion

»  Mean gradient >10 mmHg across the lesion

» Fractional flow reserve <0.8 before revascularisation

e FMD is treated with angioplasty alone while ARAS is treated
with angioplasty and stent placement because primary patency

is better maintained with lesser frequency of restenosis.

e There is a 3-5% complication rate (e.g., atheroemboli, dissec-
tion, renal artery rupture, thrombosis) and 13-39% restenosis

rate.

Surgical Revascularisation
e Surgical revascularisation is reserved for a select group of
patients with one or more of the following conditions:
» Multiple small renal arteries
» Early primary branching of the main renal artery
= Require aortic reconstruction near renal arteries for other
indications
= Have had failed renal artery stenting procedures
» Repeated in-stent restenosis

= Complex FMD that extends into segmental arteries and

with macroaneurysms
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e Surgical revascularisation does not confer better outcomes than

medical therapy or angioplasty with stenting. Surgical options

include:

Aortorenal bypass

Extra-anatomical bypass

Unilateral nephrectomy

Extracorporeal microvascular reconstruction

Endarterectomy or atherectomy

References

Bhalla V, Textor SC, Beckman JA, et al. (2022). Revascularization for renovas-

cular disease: A scientific statement from the American Heart Association.
Hypertension 79(8): e128-e143.
Safian RD (2021). Renal artery stenosis. Prog Cardiovasc Dis 65: 60-70.



Autosomal Dominant

5 Polycystic Kidney
Disease
Alvin Tng, Kwek Jia Liang
Introduction

e Autosomal dominant polycystic kidney disease (ADPKD) is the
most common hereditary kidney disease in Singapore.

= Majority of cases are associated with autosomal dominant
inheritance of a defect in PKDI, encoding polycystin-1
(85%) or PKD2 gene, encoding polycystin-2 (15%) — 50%
of children of an affected individual will inherit the defect.

e PKDI is more common than PKD2 — PKD1 patients become
symptomatic earlier (between the ages of 30 and 50) and prog-
ress faster than PKD2.

e 10-20% have disease because of a de novo gene defect.

e Mutations impair ciliary function and lead to disruption of
intracellular signalling pathways (including cyclic adenosine
monophosphate (cAMP)-activated ones). This promotes fluid
secretion from the renal tubular epithelial cells and prolifer-
ation of cyst epithelial cells. As a result, cysts grow and com-
press blood vessels, causing renal ischaemia and fibrosis. There
is also activation of the renin-angiotensin-aldosterone (RAAS)
system, leading to increased systemic vascular resistance and
sodium retention.
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Patients may maintain normal function for decades due to com-
pensatory hyperfiltration — kidney function deteriorates, typi-
cally after the fourth decade of life and 50% will have end-stage
kidney disease (ESKD) by the age of 60.

Clinical Manifestations

Renal

Hypertension (HTN)
Haematuria

Proteinuria

Impairment of kidney function

Flank pain due to kidney enlargement/cysts, haemorrhage,

infection, calculi, tumour

Kidney stone, typically uric acid, or calcium oxalate

Infection — cyst, urinary tract infection (UTI)

Kidney cell carcinoma

Palpable kidneys

Effects of compression by enlarging kidney or cysts — inferior

vena cava (hypotension, thromboembolism, hepatic venous out-

flow obstruction), gastric outlet obstruction (by right kidney cysts)

Extra-renal

Polycystic liver disease
Cysts in other organs — pancreas, spleen, epididymis, thyroid,
subarachnoid, seminal vesicle

Intracranial aneurysms (in up to 40%) — cause intracranial

haemorrhage and death in 8-11%
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e Valvular heart disease — commonly mitral valve prolapse, aor-
tic regurgitation
e Other aneurysms — thoracic, iliac, aorta, coronary artery

e Other vascular diseases — intracranial arterial dissection and

dolichoectasia, megadolichobasilar artery
e Colonic diverticula

e Abdominal hernia

Screening for Intra-cranial Aneurysms

e Screening can be performed with either CT angiography
(CTA) or MR angiography (MRA) and is indicated for high-risk
patients:

» Headache and other neurological symptoms
= Previous intracranial haemorrhage

» Positive family history of intracranial haemorrhage,

intracranial aneurysm, or unexplained stroke

» High risk occupation, in which loss of consciousness would

pose a risk to the patient and others

» Prior to surgery that is likely to be associated with
haemodynamic instability and hypertension

e For patients with initially negative radiographic studies, repeat

screening every 5 years for those with a family history of cere-

brovascular accidents or intracranial haemorrhage.

e For patients with intracranial aneurysms that do not need sur-
gery, perform surveillance yearly with CTA or MRA for 2 years
and then once every 2 years if the aneurysm is clinically and
radiographically stable.
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Diagnosis

e Diagnosis is usually made by family history and age-specific kid-
ney imaging criteria (see below) while gene testing is reserved
only for special situations (e.g., a young person wanting to be a
kidney donor to a family member with ADPKD).

e ADPKD should be suspected in the following;
» Enlargement of the kidneys or liver on physical examination
= Hypertension in young individuals (<35 years)
» Family history
» Multiple bilateral kidney cysts where other causes are
excluded
= Cysts in other organs (e.g., liver)
= Intracranial aneurysm

e Ultrasound (US) is commonly used to make the diagnosis of
ADPKD using an age-specific US criteria (Table 19.1) when
there is an affected first-degree relative (see below). The pos-
itive predictive value is 100% if the gene defect is PKD1- or
PKD2-related but the sensitivity of US decreases with non-
PKD1 gene defects.

Table 19.1: Age-Specific US Diagnostic Criteria for Autosomal
Dominant Polycystic Kidney Disease

Sensitivity According to
Age US Criteria for those with an Genotype
(years) Affected First-degree Relative PKD1 PKD2  Unknown
15-30 >3 cysts unilaterally or bilaterally 94.3 69.5 81.7
30-39 =3 cysts unilaterally or bilaterally 96.6 94.9 95.5
40-59 22 cysts unilaterally or bilaterally 92.6 88.8 90

Abbreviations: US, ultrasound; PKD; polycystin gene
Note: In patients 260 years, >4 cysts in each kidney confirms the diagnosis of ADPKD.
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Table 19.2: Indications for Gene Testing

1. Equivocal or atypical renal imaging techniques
2. Sporadic PKD with no family history

3. Early and severe PKD

4. PKD with syndromic features

5. Reproductive counselling

6. Potential living kidney donor

Abbreviation: PKD, polycystic kidney disease

e For patients without a family history of ADPKD, diagnosis by
ultrasound is made if there are 10 or more cysts (25 mm) in
each kidney, especially if the kidneys are enlarged or liver cysts
are present.

e CT or MRI is more sensitive than US and useful:
e if US is equivocal
e if there is a suspicious cyst or mass
e to calculate height-adjusted total kidney volume (htTKV)

to evaluate risk of progression and need for disease-

modifying treatment

e to exclude cysts in the potential kidney donor of a related

and affected kidney transplant recipient

e For patients 40 years and younger with a positive family history
of ADPKD, > 10 renal cysts in total on CT or MRI scan have
a sensitivity and specificity of 100% for making a diagnosis of
ADPKD while < 5 renal cysts in total can exclude ADPKD.

e Gene testing can be considered for special indications
(Table 19.2) for PKD1 and PKD2, but is not commonly per-
formed due to high costs and mutations are only detected in
41-63% of cases.



190 The Kidney Book

Screening of Asymptomatic Individuals Suspected
to be at Risk of ADPKD

Pre-symptomatic screening is not currently recommended for

at-risk children.

However, the potential benefits of pre-symptomatic screening
(usually with a US) for at-risk adults usually outweigh the risks
though adults should ensure they have adequate insurance cov-

erage prior to screening.

Monitoring of ADPKD

Height-adjusted total kidney volume (HtTKV) should be mea-
sured using CT or MRI for initial evaluation.

The Consortium for Radiologic Imaging Studies in Polycystic
Kidney Disease (CRISP) group suggested that TKV is an early
and accurate measure of individual cystic burden and likely
growth rate trajectory when the estimated glomerular filtration
rate (eGFR) > 60 mL/min/1.73 m?2.

The Mayo imaging classification system (Table 19.3) is a pre-
diction model to identity rapid progressors among ADPKD
patients. An online calculator is available to determine the
Mayo imaging classification system by inputting kidney dimen-
sions, height and age. Serum creatinine, gender and race are
additional variables to age and the Mayo classification to pre-
dict future eGFR.

Repeated measurement of HtTKV in asymptomatic patients
without intervention to slow disease progression is not recom-

mended.

However, HtTKV could be remeasured once every 3-5 years
and compared with baseline HtTKV in patients on tolvaptan to

ensure efficacy.
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Table 19.3: The Mayo Imaging Classification System

Estimated Slope of
Change in eGFR

Estimated TKV

Mayo  Annual Percentage (mI/min/1.73 m?) Risk for eGFR
Class Increase Male Female Decline

1A <1.5% -0.23 0.03 Low risk

1B 1.5-3.0% -1.33 -1.13 Intermediate risk
1C 3.0-4.5% -2.63 -2.43 High risk

1D 4.5-6.0% -3.48 -3.29 High risk

1E >6.0% —4.78 —4.58 High risk

Abbreviations: TKV, total kidney volume; GFR, glomerular filtration rate

e However, the eGFR and proteinuria/albuminuria should be

measured to monitor ADPKD progression.

Management

e Diet, metabolic, and lifestyle modification (so refer to a dietician):

Adequate hydration to aim for first morning urine osmolality
of <280 mOsm/kg except in patients who have a eGFR of

<30, are hyponatraemic, or are on diuretics

Reduce sodium (<3 g/day), protein (<1 g/kg/day), and
phosphate intake (<800 mg/day)

Aim for normal body mass index (BMI)
Treat hyperlipidaemia with statin or ezetimibe

Maintain serum sodium bicarbonate > 22 mmol/L. — can

prescribe sodium bicarbonate
Aim for normal serum uric acid level
Avoid caffeine and smoking

Regular exercise
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e Treat HTN:

HTN is due to intrarenal activation of the renin angiotensin-
aldosterone system secondary to the growth of cysts and

endothelial dysfunction.
Control of HTN prevents left ventricular hypertrophy,

reduces albuminuria, and slows down growth of kidney

cysts .

First-line anti-hypertensive drugs include angiotensin-
converting enzyme inhibitors (ACEI) and angiotensin
receptor blockers (ARB).

Aim for blood pressure (BP) < 130/80 mmHg — aim lower
< 110/75 mmHg for those aged 18-50 with an eGFR of
>60 mL/min/1.73 m? and Mayo Clinic class 1C-1E or with

intracranial aneurysms.

e Treat complications (Table 19.4).

e Nephrectomy is indicated only for:

Recurrent infection

Massive kidney volume leading to impaired quality of life,

anorexia, nutritional deficiency, severe intractable pain

Recurrent nephrolithiasis

Disease-Modifying Drugs to Reduce

Disease Progression

e Arginine vasopressin stimulates adenyl cyclase to produce

cAMP, which stimulates cyst formation and growth. Tolvap-

tan (Jinarc) is a PO vasopressin V2-receptor antagonist which

decreases cAMP levels and thence slows the rate of cyst growth.
It is metabolised by the CYP3A4 system.
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Table 19.4: Treatment of Complications

Complications

Management

Flank pain

Cyst haemorrhage or
gross haematuria

Cyst infections

Stones

Intracranial
aneurysms

Pharmacological (avoid NSAIDs) first, but if pain is
intractable — cyst decompression, aspiration and
sclerosis, renal artery embolisation, laparoscopic
or surgical cyst fenestration, kidney denervation,
nephrectomy

Bed rest, analgesics, hydration, blood transfusion,
segmental arterial embolisation, nephrectomy

Cyst penetrating antibiotics (preferentially cyst-
penetrating lipid soluble antibiotics) based on
individual characteristics and bacterial resistance risk
profiles.

Hydration, analgesia, potassium citrate,
extracorporeal shockwave lithotripsy, percutaneous
nephrostolithotomy

Surgical clipping as surgically indicated

Abbreviation: NSAIDS, non-steroidal anti-inflammatory drugs

e The other effects of V2-receptor antagonism are:

» Increased free water excretion, resulting in net body fluid

loss

= Increased serum Na*

» Decreased urine osmolality

e Two of the largest phase III multi-centre randomised con-

trolled trials (TEMPO 3:4 and REPRISE) showed that tolvap-
tan reduced decline in kidney function (Table 19.5).

e Other benefits from these trials and other studies have shown

that tolvaptan can prolong the time to ESKD by 6.5 years,

increase life expectancy by 2.5 years, and reduce BP (slightly),

pain, haematuria, stone, and UTL.



194  The Kidney Book

Table 19.5: Efficacy of Tolvaptan on a Decline in the eGFR of Patients
with ADPKD

Parameter TEMPO 3:4 REPRISE
Therapy investigated Tolvaptan vs. placebo Tolvaptan vs. placebo
Number of patients 1445 1370
Age (years) 18-50 18-65
Baseline eGFR (mL/min/1.73 m?) >60 25-65
Efficacy on decline in renal —2.72vs. -3.70 mL/  —-2.34vs. -3.61 mL/
function (therapy vs. placebo) ~ min/1.73 m? min/1.73 m?
Discontinuation (therapy vs. 23 vs. 14% 9.5 vs. 2.2%
placebo)
Adverse effects Aquaresis (100%) Aquaresis (100%)

Hepatic injury (4.9%) Hepatic injury (5.6%)

Abbreviations: TEMPO, Tolvaptan Efficacy and Safety in Management of Autosomal Dominant
Polycystic Kidney Disease and its Outcome; REPRISE, Replicating Evidence of Preserved Renal
Function: an Investigation of Tolvaptan Safety and Efficacy in ADPKD.

e Tolvaptan is approved to slow kidney function decline in adults

at risk of rapidly progressive ADPKD.
e At the time of writing, prescribing tolvaptan is restricted to phy-

sicians who have completed a risk management training pro-
gramme required by the Singapore’s Health Sciences Authority
and Otsuka Pharmaceuticals. However, some general prescrib-
ing considerations are presented in Table 19.6.

e The operational and regulatory processes of prescribing, mon-
itoring, and maintenance therapy are complicated and beyond
the scope of this book.
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Table 19.6: Prescribing Considerations for Tolvaptan for Autosomal

Dominant Polycystic Kidney Disease

Area

Prescribing Considerations

Indication

Contraindications

Decision analysis
in prescribing

Dosing

Adverse effects

Mandatory
monitoring

Drug interactions

To slow the progression of cyst development and renal
insufficiency in adults with ADPKD and CKD stage
1-3 with rapidly progressing disease. It should be
combined with basic renal protective measures (see
under “Management”).

Pregnancy, lactation, uncorrected hypernatraemia, history
of significant liver injury not due to polycystic liver
disease, hypovolaemia, inability to sense or respond to
thirst, urinary tract obstruction

Confirm diagnosis of ADPKD and determine the Mayo
class (see Table 19.4) — recommend tolvaptan if the
Mayo class is IC, 1D, or 1E + eGFR 2 25 mL/min + age
18-55 years). Patients must be informed of risks and
benefits of tolvaptan.

Initial dose is 45 mg in the morning and 15 mg in the
afternoon (8 hours after morning dose) and adjust in
15 mg increments every 1-2 weeks if tolerated or until
the urine osmolality is <280 mOsm/kg (to 60/30 or
90/30 mg)

Polyuria, pollakiuria (frequent, abnormal urination
during the day), thirst, fatigue, uric acid elevations
(rarely gout), idiosyncratic liver injury, possible drug
interaction (CYP3A inhibitor)

Liver panel before starting and after 2 and 4 weeks,
then monthly for 18 months and once every 3 months
thereafter

Avoid or lower dose with concurrent use of CYP3A
inhibitors

Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; CKD, chronic kidney

disease; eGFR; estimated glomerular filtration rate
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Poor Prognostic Factors

e Male gender

e Diagnosis before age 30 years

e First episode of haematuria before age 30 years
e Onset of hypertension before age 35 years

e Hyperlipidaemia

e High BMI

e GFR decline rate > 2.5 mL/min/year

e High urine sodium excretion

e Lower kidney blood flow

e Lower serum high-density lipoprotein cholesterol
e Large total kidney volume

e HtTKYV growth rate of 25% per year

e Mayo imaging class 1C, 1D, or 1E

e Presence of truncating PKD1 variant

End-stage Kidney Disease in ADPKD

e Kidney transplantation (KT) is preferred over haemodialysis
(HD) or peritoneal dialysis (PD). Survival outcomes are similar
to or better than non-ADPKD KT recipients.

e Nephrectomy may be needed before KT to free up space for
implantation of the new kidney — thence pre-emptive KT may
not be possible. However, simultaneous nephrectomy and KT

have been performed in some centres.

e Polycystic kidneys in-situ after KT may shrink due to fibrosis or

calcineurin inhibitors or mTOR-based regimens.



Autosomal Dominant Polycystic Kidney Disease 197

e A higher frequency of intracranial haemorrhage, post-transplant
diabetes mellitus (PTDM), erythrocytosis, and diverticular com-
plications have been observed in KT recipients with ADPKD.

e PD is not a contraindication in ADPKD patients but may not
be suitable for those with massive kidneys, abdominal hernias,
or previous episodes of diverticular disease.

Family Planning

e ADPKD patients planning a family should receive genetic coun-
selling and preimplantation genetic testing before pregnancy.
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Tubulointerstitial

=
g Nephritis

Terence Kee
Introduction

e Tubulointerstitial nephritis (TIN) is an inflammatory nephrop-
athy characterised by an inflammatory infiltrate in the tubules/
interstitium, which can cause either an acute (acute tubuloint-
erstitial nephritis or ATIN) or slower (chronic tubulointerstitial
nephritis or CTIN) decline in kidney function.

e The trigger for inflammation can be immunological pro-
cesses (e.g., drug-induced ATIN), infections (e.g., BK virus-
associated nephropathy), abnormal accumulation of metabolic
end-products (e.g., urate nephropathy), toxicity (e.g., lead
nephropathy), or genetic factors (e.g., autosomal dominant
tubulointerstitial kidney disease).

e Incidence of TIN is generally 1-5% and the causes vary accord-
ing to the patient’s age, geography, drug exposures, family his-
tory, and specific disease states (Table 20.1).

e In general, drug-induced TIN is most common, followed by

autoimmune and infective interstitial nephritis.

e As TIN is defined by histopathological features, a definitive
diagnosis of TIN is by kidney biopsy.
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Table 20.1: Causes of Interstitial Nephritis

Acute Interstitial Nephritis

Medications e Antibiotics
(71-90%) NSAIDS
e Proton pump inhibitors
e Checkpoint inhibitors
e Others

Autoimmune e Sarcoidosis

factors e Sjogren
(5-20%) e Tubulointerstitial nephritis and uveitis (TINU) syndrome
e IgG4-related disease
e ANCA vasculitis
e Systemic lupus erythematosus
Infections e Viruses: cytomegalovirus, Epstein—Barr virus, hantavirus,
(4-17%) human immunodeficiency virus, polyomavirus
e Bacteria: brucella, campylobacter, escherichia coli,
legionella, salmonella, streptococcus, staphylococcus,
yersina, leptospira, syphilis, diphtheria
e Others: tuberculosis, toxoplasmosis, mycoplasma

Chronic Tubulointerstitial Nephritis

Genetic e Autosomal dominant tubulointerstitial kidney disease
e Family nephronophthisis
e Cystinosis
e Karyomegalic interstitial nephritis
Metabolic e Hypokalaemia (hypokalaemic chronic interstitial nephritis
or kaliopenic nephropathy)
e Hyperoxaluria (oxalate nephropathy)
e Hyperuricaemia/hyperuricosuria (uric acid nephropathy)
Endemic o Itai-Itai disease (Japan)
nephritis e Balkan endemic nephropathy (Sebria, Bulgaria, Croatia,
Romania, Bosnia)
e Meso-american nephropathy (Nicaragua, El Savador, Costa
Rica)
e Sri Lanka CKDu (Sri Lanka)
e Uddanam nephropathy (India CKDu) (India)

Others e Radiation nephropathy

Abbreviations: NSAIDS, non-steroidal anti-inflammatory drugs; ANCA, anti-neutrophilic
cytoplasmic antibodies; CKDu, chronic kidney disease of unknown origin
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Diagnosis of Tubulointerstitial Nephritis

Most affected patients will present with an asymptomatic eleva-
tion of the serum creatinine, and TIN should always be part of
the differential diagnosis when evaluating acute kidney injury
(AKI) or chronic kidney disease (CKD).

If symptomatic, patients with TIN may present with symptoms
and signs of AKI or advanced CKD — a classic triad of fever,
skin rash, and eosinophilia has been associated with ATIN, but

this occurs only in 10% of cases.

In addition, if TIN is associated with systemic conditions (e.g.,
autoimmune diseases), then patients may have symptoms and
signs of the systemic conditions.

There are no laboratory tests that can help confirm the diagno-
sis of TIN, but they may raise the suspicion of TIN as a cause of
AKI or CKD (Table 20.2).

TIN is confirmed with a kidney biopsy where there is tubular

cell injury/necrosis and inflammation which:

» is frequently consisting of lymphocytes, macrophages,
plasma cells, and less frequently eosinophils, mast cells,

and neutrophils

= is only observed in the interstitium (interstitial nephritis)

or extends into the tubular compartment (TIN)

= is most commonly occurring in the cortex but also can occur
at the corticomedullary junction (drug-induced TIN) or
medulla (polyomavirus nephropathy, bacterial pyelonephritis)

» with interstitial oedema suggests active TIN while
interstitial fibrosis and tubular atrophy suggest active on
chronic TIN

» may be associated with other non-specific histopathological
features such as non-necrotising interstitial granulomas,
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Table 20.2: Laboratory and Radiological Investigations for Tubuloint-
erstitial Nephritis

Tests Finding

Serum creatinine  Elevated

Electrolyte May be present due to tubular damage (e.g., a high FENa
abnormalities of >1%)

FBC Eosinophilia may be present in 20-25% of cases, especially

antibiotic-associated ATIN

CRP Elevated but not specific

ESR Elevated but not specific

Urinalysis Urinalysis abnormalities such as pyuria, haematuria,

proteinuria, and casts may be present but up to 20%
of patients may have normal urinalysis. Eosinophiluria
(21% of urinary WBC) may be detected but is not
sensitive or specific enough to diagnose TIN.

Proteinuria Variable severity of proteinuria may be observed —
nephrotic range proteinuria may be seen if there is
concurrent glomerulonephritis or drug-induced minimal
change or membranous nephropathy.

Ultrasound/CT No diagnostic features on imaging but may reveal
bilateral kidney enlargement and diffuse cortical hyper-
echogenicity due to oedema and tubulointerstitial
inflammation.

Other diagnostic ~ “’Gallium scintigraphy and PET-CT would demonstrate

tests uptake of “’gallium or FDG in the kidneys. MRI would
show heterogeneous striated enhancement of the
cortex and restricted water diffusion on DW-MRI.
None of these tests are diagnostic but may help provide
supplementary information, especially for patients who
are unable to undergo kidney biopsy to confirm the
diagnosis.

Abbreviations: ATIN, acute tubulointerstitial nephritis; CRP, C-reactive protein; CT, computed
tomography; DW, diffusion weighted: ESR, erythrocyte sedimentation rate; FBC, full blood
count; FDG, fluorodeoxyglucose; FENa, fractional excretion of sodium; MRI, magnetic resonance
imaging; PET, positron emission tomography
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extra-tubular Tamm-Horsfall protein (THP), giant cells, and
tubulovenous herniation (rupture of tubules into veins resulting

in venous thrombi containing inflammatory cells and THP)

e As the most common cause of interstitial nephritis is exposure
to an inciting drug, a thorough review of the medication history

is important (Table 20.3), but the culprit drug may be difficult

Table 20.3: Causes of Drug-Induced Tubulointerstitial Nephritis

Drugs Known to Cause Acute
Drug Class Tubulointerstitial Nephritis

Antibiotics Penicillins Amoxicillin, ampicillin, aztreonam,
benzylpenicillin, cloxacillin,
methicillin, nafcillin, oxacillin,
piperacillin/tazobactam

Fluoroquinolones Ciprofloxacin, levofloxacin,
moxifloxacin, norfloxacin
Cephalosporins Cefazolin, cefotaxime, cefoxitin,
cefuroxime, ceftriaxone, cephalexin
Sulfonamides Trimethoprim-sulfamethoxazole
Macrolides Azithromycin, clarithromycin,

erythromycin, telithromycin

Others Cefepime, chloroamphenicol,
clindamycin, colistin, doxycycline,
ethambutol, gentamicin, griseofulvin,
imipenem, isoniazide, linezolid,
nitrofurantoin, polymyxin B,
quinine, rifampicin, teicoplanin,

vancomycin
Anti-retrovirals Abacavir, acyclovir, atazanavir, foscarnet, indinavir
Non-steroidal anti- COX2 inhibitors Celecoxib, rofecoxib
inflammatory Others Aceclofenac, diclofenac,
drugs fenoprofen, flurbiprofen,

ibuprofen, indomethacin,
ketoprofen, meloxicam, naproxen,
phenylbutazone

(Continued)
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Table 20.3: (Continued)

Drugs Known to Cause Acute

Drug Class Tubulointerstitial Nephritis
5-aminosalicylates  Basalazine, mesalazine, olsalazine, sulfasalazine
Gastric secretion  Proton pump Esomeprazole, lansoprazole,
inhibitors inhibitors omeprazole, pantoprazole,
rabeprazole
H2 antagonists Cimetidine, famotidine, ranitidine
Anticancer drugs  Immune checkpoint Atezolizumab, ipilimumab, nivolumab,
inhibitors pembrolizumab
Tyrosine kinase Sorafenib, sunitinib
inhibitors
Others Adriamycin, alendronate, azathioprine,

bacillus Calmette-Guerin,
bevacizumab, bortezomib, platinum-
based (e.g., cisplatin), gemcitabine,
interleukin-2, ifosfamide,
lenalidomide, methotrexate,
pemetrexed, vemurafenib

Diuretics Thiazides Hydrochlorothiazide, indapamide,
metolazone
Loop of Henle Furosemide, torasemide
diuretics
Potassium sparing Amiloride, triamterene
Antihypertensives ~ Angiotensin- Captopril, lisinopril
converting

enzyme inhibitors

Angiotensin receptor Candesartan, losartan

antagonists
Calcium channel Amlodipine, nifedipine
antagonists
Anticonvulsants Carbamazepine, diazepam, lamotrigine, levetiracetam,

phenobarbital, phenytoin, valproate

Other drugs Allopurinol atorvastatin, carbimazole, chlorpropamide,
exenatide, febuxostat, flecainide, gemfibrozil, leflunomide,
metamizole, propranolol, propylthiouracil, risedronate,
sildenafil, lithium salt

Source: Atta MG and Perazella MA (2022). Tubulointerstitial Nephritis. 1st ed. (p. 51). Springer, Cham.
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to determine due to polypharmacy and the observation that
TIN can develop from a few days to months after the exposure
of the offending drug (the exact time depends on the type of
drug).

e If drugs are not implicated, further investigations are guided by

the suspicion of other causes (Table 20.4).

e Persistent ATIN, if left untreated, can progress to CTIN but

there are other causes of CTIN that generally present as CKD
(Table 20.5).

e Diagnosis of CTIN is often based on history and physical

examination — specific diagnostic tests may be applicable for

Table 20.4: Investigations for a Suspected Systemic Cause of Tubu-
lointerstitial Nephritis

Investigation Suspected Cause of Tubulointerstitial Nephritis

Chest X-ray Sarcoidosis, tuberculosis
Serum calcium  Sarcoidosis (hypercalcaemia)
level
24-hour urinary  Sarcoidosis (hypercalciuria)
calcium
TB-SPOT test  Tuberculosis
C3, C4 level Systemic lupus erythematosus, IgG4-related disease

Autoantibodies  Systemic lupus erythematosus (ANA, anti-dsDNA), Sjogren’s
syndrome (anti-Ro/SSA and anti-LA/SSb, Rh F, ANCA-
associated vasculitides (anti-PR3 and MPO-ANCA)

IgG4 IgG4-related disease

Microbiological ~ Specific test guided by clinical suspicion — HBsAg, anti-
HBs, anti-HCV, HIV Ag-Ab serologies, and HBV/
HCV/HIV nucleic acid testing should be performed in
anticipation of immunosuppressive therapy

Abbreviations: ANCA, anti-neutrophil cytoplasmic antibody; ANA, anti-nuclear antibody; C3,
complement C3; C4, complement C4; dsDNA,double-stranded deoxyribonucleic acid; HBsAg,
hepatitis B surface antigen; HCV, hepatitis C virus; HIV, human immunodeficiency virus; MPO,
myeloperoxidase; PR3, proteinase-3; RhF, rheumatoid factor; TB, tuberculosis



Table 20.5: Types of Chronic Tubulointerstitial Nephritis

Types of Chronic
Tubulointerstitial
Nephritis

Pathogenesis

Clinical Presentation

Autosomal dominant
tubulointerstitial kidney
disease (ADTKD)

Familial nephronophthisis
(NPHP)

Due to mutations encoding uromodulin
(ADTKD-UMOD), hepatocyte nuclear
factor-13 (ADTKD-HNF13), renin
(ADTKD-REN), mucin-1 (ADTKD-
MUCI), and SEC61 (ADTKD-
SEC61A1)

These mutations affect multifunctional
proteins (UMOD, MUC-1), transcription
factors (HNF17), angiotensinogen
protease (REN), and protein transporter
(SEC61)

ADTKD-UMOD, MUCI and REN are
considered protein storage disorders as
they are characterised by intracellular
accumulation of abnormal proteins (e.g.,
uromodulin, mucin-1, renin)

Mutations in nephrocystin genes that are
involved in ciliary function (ciliopathy)
Histologically characterised by
corticomedullary cysts

Positive family history of CKD — autosomal dominant inheritance
Early-onset hyperuricaemia or gout

Hypokalaemia and hypomagnesaemia (ADTKD-HNF15) or acidosis
and hyperkalaemia (ADTKD-REN)

Urinary concentration defect + polydipsia-polyuria, enuresis or
nocturia in children

Lack of significant HTN in the early stages

Onset in childhood common for ADTKD-REN, HNF13 and
SEC61A1

Progressive CKD, ESKD occurs after age 30

Bland urine sediment

No or mild proteinuria

Normal or small-sized kidneys + cysts

HNF14 mutations can also be associated with congenital anomalies
of the kidney, urinary tract, genitals, neuro-developmental problems,
endocrinopathies, and digestive problems

Autosomal recessive inheritance

Most common form is juvenile nephronophthisis which present with
ESKD at a mean age of 13 years

Typically present with urinary concentration defect (polyuria,
polydipsia), enuresis, short stature, severe anaemia, CKD, ESKD
15-20% also have extra-renal manifestations (e.g., eye, liver, heart,
CNS, bones)
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Karyomegalic interstitial
nephritis (KIN)

Cystinosis

Hypokalaemic chronic
interstitial nephritis

Mutation of Fanconi anaemia-associated
nuclease 1 (FAN1) gene which facilitates
repair of DNA crosslinks

Biopsy will show enlarged,
hyperchromatic, and dysplastic nuclei

in renal tubular epithelial cells (tubular
karyomegaly)

Mutations in the cystinosin (CTNS) gene,
a lysosomal H*/cystine symporter which
leads to lysosomal cystine accumulation
Cystine crystals can be seen on phase
contrast microscopy and EM of kidney
tissue sample

Associated with conditions causing
chronic hypokalaemia — eating disorders,
hyperaldosteronism, Bartter and
Gittelman syndromes, herbs
Hypokalaemia leads to increased NH4*

in the medullary interstitium and trigger
complement-mediated damage

Autosomal recessive inheritance

CKD

Recurrent upper respiratory tract infections

Abnormal liver function

Linked to hereditary colorectal cancer, microcephaly, and bone
marrow failure

Autosomal recessive inheritance

The most common presentation is infantile cystinosis, presenting with
growth retardation, rickets, Fanconi’s syndrome, CKD progressing to
ESKD around age 10 years

Extra-renal manifestations include corneal crystals, hepatomegaly,
endocrinopathies, myopathy, and increased intracranial pressure

CKD

Hypokalaemia

High aldosterone and variable renin levels
Tubular proteinuria (albuminuria is infrequent)
Medullary renal cysts

(Continued)
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Table 20.5: (Continued)
Types of Chronic
Tubulointerstitial
Nephritis Pathogenesis Clinical Presentation
Oxalate nephropathy May be primary (genetic defect leading e CKD
to increased production of oxalate) or e Haematuria
secondary (fat malabsorption, e.g., after e Proteinuria
bariatric surgery, high dietary oxalate, e Urinary calcium oxalate crystals
medications (ascorbic acid, orlistat), e High serum and urinary oxalate levels
juicing drinks, ethylene glycol) e Nephrolithiasis
Excessive urinary oxalate leads to binding
with calcium, forming calcium oxalate
crystals (causing inflammation), calcium
oxalate stones, and nephrocalcinosis
Calcium oxalate crystals may be seen in
the tubules and interstitium on biopsy
Uric acid nephropathy May be primary (UMOD mutation) or e CKD
secondary (high dietary intake of purines, e Gout
diuretics, high cell turnover states, e.g., e Hyperuricaemia
tumour lysis) e Bland urine sediment
Uric acid induces inflammation through e Proteinuria
crystal dependent and independent e Uric acid nephrolithiasis
mechanisms .

Uric acid can be seen as needle-like
crystals and micro-tophi in the tubules
and medulla

Medullary cysts
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Heavy metal toxicity (e.g.,
arsenic, cadmium,
chromium, lead, mercury,

uranium)

Plants, mushrooms, herbal

medications

Radiation nephropathy

Endemic nephritis/chronic
kidney disease of
unknown origin/chronic
interstitial nephritis in
agricultural communities

Due to prolonged exposure, largely in
occupational settings (e.g., mining)
Heavy metals cause tubular damage from
reactive oxygen species or interruption of
normal metabolic processes

Classic example is aristolochic acid (AA)
nephropathy which includes Balkan
endemic nephropathy (BEN) and
Chinese herb nephropathy (CHN)
Involves DNA damage by AA

Tonising radiation can induce oxygen
radicals which damage DNA

A type of CKD that mainly affects
marginalised agricultural communities in
specific areas of the world

Positive exposure history

CKD

Fanconi’s syndrome

Extra-renal manifestations depending on type of heavy metal exposure
Elevated blood and/or urine levels of heavy metal

Positive exposure history
CKD

Disproportionate anaemia
HTN is often absent
Tubular dysfunction
Pyuria

Proteinuria

Urothelial cancers

Ocecurs in patients receiving radiation for cancer treatment or exposed
to radiation in other settings (e.g., occupational, nuclear plant
accidents/war)

Develops 3-12 months after radiation exposure

Disproportionate anaemia and HTN

CKD affecting otherwise healthy young to middle-aged persons living
in agricultural areas in Meso-America, Sri Lanka, and India

Abbreviations: Abbreviations: CKD, chronic kidney disease; CNS, central nervous system; DM, diabetes mellitus; DNA, deoxyribonucleic acid; ESKD, end-stage

kidney disease; HTN, hypertension; TIN, tubulointerstitial nephritis
With modifications from Atta MG and Perazella MA (2022). Tubulointerstitial Nephritis. Ist ed. (p. 51). Springer, Cham.
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Table 20.6: Endemic Nephritis or Chronic Kidney Disease of Unknown
Origin

Chronic
Kidney Disease
of Unknown Endemic Aetiology
Origin (CKDu) Areas Confirmed Risk Factors
Itai-Itai disease  Japan Cadmium  Water — crops, mining pollution
Balkan endemic  Serbia Aristocholic  Wheat
nephropathy ~ Bulgaria acid
(BEN) Croatia
Romania
Bosnia

Meso-American  Nicaragua Unexplained Sugarcane, heat stress,

nephropathy  El Salvador agrochemical exposure, heavy

(MEN) Costa Rica metals exposure, genetic
predisposition, alcohol “LIJA”
consumption

Sri Lanka CKDu Sri Lanka  Unexplained Agricultural work, heat stress,
agrochemical exposure, heavy
metals exposure, genetic
predisposition, alcohol/betel/
tobacco consumption

India CKDu India Unexplained Agricultural workers, heat stress,
(Uddanam agrochemical exposure, heavy
nephropathy) metals, genetic predisposition

Source: Atta MG and Perazella MA (2022). Tubulointerstitial Nephritis. 1st ed. (p. 14). Springer,
Cham.

certain CTIN, such as genetic testing for genetic CTIN, slit-
lamp corneal examination, and cystine levels (cytinosis). Some

CTIN are restricted to geographical regions (Table 20.6).

Management of Acute Tubulointerstitial Nephritis

e For drug-induced ATIN, management should include:

» Discontinuation of the offending drug.
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Providing dialysis as indicated — this may also be required
to reduce the risk of bleeding in uraemic patients needing
biopsy.

Kidney biopsy to confirm the diagnosis and determine
the extent of chronic damage (unless there are
contraindications) — patients with >50% interstitial
fibrosis and tubular atrophy (IFTA) may not benefit from
corticosteroid therapy.

Among patients with non-severe ATIN (not requiring
dialysis), observation for recovery of kidney function for
7-10 days following discontinuation of the offending drug
may be appropriate. Otherwise, if kidney function does not
improve or is severe enough to require dialysis, PO or IV
corticosteroids can be used to treat drug-induced ATIN as
there are no differences in efficacy between these routes of
administration (Table 20.7).

Factors that are associated with a poor response to
corticosteroids include:

— severe chronic damage on biopsy (e.g., >50% IFTA)

— severity of kidney dysfunction

— timing of corticosteroid therapy (e.g., starting >1-2
weeks of stopping the causative drug)

For patients who do not respond well to corticosteroids

after 8 to 12 weeks, reassessment is required before

continuing further immunosuppression, such as:

— Reconsidering diagnosis especially if biopsy was not
performed

— Considering if there are other offending drugs that may
require discontinuation

—  Excluding other causes of persistent kidney dysfunction



212  The Kidney Book

Table 20.7: Corticosteroid Treatment Regimens for Acute Tubuloint-
erstitial Nephritis from Randomised Controlled Trials

Study n Corticosteroid Regimen Outcome

Ramachandran 29 Group 1: PO Prednisolone  Complete remission was

etal. 1 mg/kg for 3 weeks achieved in 50% of
followed by rapid tapering ~ Group 1 and 61% of
over subsequent 3 weeks Group 2 (no statistically
or significant differences
Group 2: IV between groups)
Methylprednisolone Partial remission was
30 mg/kg (maximum achieved in 50% of
1 g) for 3 days then PO Group 1 and 39% of
Prednisolone 1 mg/kg Group 2 (no statistically
for 2 weeks, tapered over significant differences
3 weeks between groups)
Chowdryetal. 31 Group A: PO Prednisolone ~ Complete remission was
1 mg/kg for 2 weeks achieved in 56.2% of
Group B: IV Group A and 60% of
Methylprednisolone Group B (no statistical
30 mg/kg (maximum difference between
1g) for 3 days then PO groups)
Prednisolone 1 mg/kg Partial remission was
for 2 weeks, tapered over achieved in 41.93% of
2 weeks Group A and 43.7% of

Group B (no statistical
difference between

groups)

Note: Complete remission defined as improvement in eGFR to 260 mIL/min/1.73 m?% partial
remission defined as improvement in eGFR but <60 mL/min/1.73 m*

— Futility of treatment because of established IFTA

=  For those who are steroid-resistant, one can consider a
switch to MMF at a dose of 1-2 g/day and taper according
to response.

= Appropriate anti-microbial and anti-ulcer prophylaxis

should be provided in patients receiving corticosteroids.
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e For TIN due to other causes, treatment is directed towards the

specific cause of the interstitial nephritis.

Management of Chronic Tubulointerstitial

Nephritis

e Management of CTIN is through addressing CKD and specific
complications (Table 20.8).

Table 20.8: Specific Treatments for Chronic Tubulointerstitial

Nephritis

Chronic Tubulointerstitial
Nephritis

Specific Treatment

Autosomal dominant
tubulointerstitial
kidney disease, familial
nephronophthisis,
karyomegalic interstitial
nephritis

Cystinosis

Hypokalaemic chronic
interstitial nephritis

Oxalate nephropathy

Uric acid nephropathy

No specific therapies available

PO cysteamine therapy

Potassium supplementation, potassium-
sparing diuretics

Restrict dietary oxalate and fat intake
Increased fluid and calcium intake
Potassium citrate

Pyridoxine

Restoration of bowel continuity in secondary
causes related to bariatric surgery

For primary oxaluria Type I — SC
lumarsiran (reduce oxalate synthesis),
combined liver-kidney transplantation for
primary hyperoxaluria

Urine alkalinisation

Allopurinol or febuxostat

(Continued)
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Table 20.8: (Continued)

Chronic Tubulointerstitial

Nephritis Specific Treatment
Heavy metal toxicity e Stop exposure to offending heavy metal
o Chelation therapy
Aristolochic acid e Stop exposure to aristolochic acid
nephropathy o Corticosteroids — 1 mg/kg x 4 weeks then

taper to maintenance dose of 0.15 mg/kg
if rapid deterioration with GFR >20 mL/
min/1.73 m? stop treatment if no stabilisation
of kidney function after 6 months

e Screen for cancer of the urinary tract —
cystoscopy, CT/MRI

Abbreviations: PO, per oral; GFR, glomerular filtration rate; CT, computed tomography; MRI,
magnetic resonance imaging

Prognosis

e Complete and partial kidney recovery is experienced in approx-
imately 50% and 40%, respectively. End-stage kidney disease
(ESKD) is observed in approximately 10%.

e Risk factors for a poor prognosis include:

» Baseline patient characteristics — older age, female,
hypertension

» Clinical presentation — haematuria, severe proteinuria,
recurrent ATIN

» Histological features — significant glomerulosclerosis and
interstitial fibrosis/tubular atrophy (IFTA), granulomas
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Contrast-Induced

g Acute Kidney Injury
Tan Chee Wooi, Terence Kee
Introduction

e Contrast-induced nephropathy has been historically used to
describe the onset of acute kidney injury (AKI) following intra-
venous or intra-arterial administration of iodinated contrast
media or contrast agents. However, it is increasingly recognised
that AKI following contrast exposure may occur simultane-
ously in the presence of other factors that can cause AKI (e.g.,
dehydration) and hence contrast exposure may not be the only
implicating factor.

e Asaresult, AKI following exposure to contrast agents may now
be defined as a sudden decrease in kidney function within 48
hours following an intravenous or intra-arterial administration
of iodinated contrast medium. It can be further defined as con-
trast-induced AKI (CI-AKI), which is where exposure of con-
trast is causally related to the AKI or contrast-associated AKI
(CA-AKI), which is where exposure of contrast occurs together
with other risk factors for AKI. As a result, CA-AKI is more
common than CI-AKI.

W27
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Table 21.1: KDIGO Definition of AKI Following Contrast Exposure

1. Absolute increase in sCr 226.4 pmol/L
2. Relative increase in sCr >50% (>1.5 X baseline)
3. Urinary volume <0.5 mL/kg/hr for >6 hr

Abbreviations: sCr, serum creatinine; gmol/L, micromole per litre; mL, millilitres; kg, kilogram;

hr, hour

Diagnosis

CA-AKT or CI-AKI can be diagnosed if any one of the KDI-
GO-defined criteria occurs within 48 hours after intravascular
administration of contrast media (Table 21.1).

The elevation in serum creatinine levels peaks by 3 to 5 days

and usually returns to baseline by 7 to 10 days.

Urine microscopy may show granular casts and tubular epithe-
lial cells, and the fractional excretion of sodium (FeNa) is usu-

ally low.

It is important to exclude other causes of AKI following expo-
sure to iodinated contrast media (e.g., atheroemboli released

during angiography).

Nephrotoxicity of Iodinated Contrast Media

The pathogenicity of iodinated contrast media may involve sev-

eral mechanisms such as:

= Direct cytotoxicity on tubular epithelial and endothelial
cells

» Enhances generation of reactive oxygen species, causing

oxidative stress

» Kidney hypoxia through renal vasoconstriction
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e Jodinated contrast media vary in their potential for nephrotox-
icity according to their:

=  Osmolality (number of particles in a solution for a given

concentration of iodine in the contrast media) — high

osmolality iodinated contrast media is associated with a
higher frequency of CA-AKI.

» Volume — small doses (<70 mL) are less frequently
associated with CA-AKI than higher doses. Several
equations have been developed to determine the threshold
dose of contrast media that will be associated with CA-AKI.

» Route — the intra-arterial route is associated with a higher
risk of CA-AKI than the intravenous route, but this may be
related to the fact that doses of contrast administered by

the intra-arterial route is much higher (first-pass effect).

Risk Factors

e As there is no definitive treatment for CI-AKI, it is important
to prevent it by identifying patients at risk for CI-AKI (Table
21.2). Risk factors can be patient- and procedure-related.

e The most important risk factor for CA-AKI and CI-AKT is kid-
ney dysfunction, and the degree of kidney dysfunction affects
the risk of CI-AKI associated with a certain volume of con-
trast media. Guidelines advise that the dose of contrast media
should be limited to threshold ratios of contrast dose to kidney

function, for example:

= Contrast media dose (grams of iodine)/absolute eGFR
(mL/min) <1.1
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Table 21.2: Risk Factors for Acute Kidney Injury Following Contrast

Exposure

Patient-related Risk Factors

Procedure-related Risk Factors

e Older age
e Female
e Kidney dysfunction especially
GFR <45 mL/min/1.73 m?
e DM
e Cardiovascular disease including
HTN
e Reduced intravascular volume
= Dehydration
= Blood loss
= Congestive heart failure
= Liver cirrhosis
= Nephrotic syndrome
e Malignancy
e Anaemia
¢ Hyperuricaemia
° Nephrotoxic medications
= Diuretics
= NSAIDs
= Aminoglycosides
= Amphotericin B

= Antiviral drugs (e.g., acyclovir)

= Cyclosporine
= Cisplatin

Route of administration — intra-
arterial

Type of procedure — catheter-based
Type of contrast — high osmolality
Volume of contrast — higher volume
Repeated contrast media
administration within 24-72 hrs

Abbreviations: GFR, glomerular filtration rate; DM, diabetes mellitus; HTN, hypertension;

NSAIDs, non-steroidal anti-inflammatory drugs; hrs, hours

= Contrast media volume (mL)/eGFR mL/min/1.73 m? <3.0

= Contrast volume/creatinine clearance <2.44

e In order to estimate the risk for CI-AKI, the Mehran score

is the gold standard and most validated scoring system for
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Table 21.3: Mehran Scoring System to Predict Risk for Contrast-
Induced Acute Kidney Injury Following Percutaneous Coronary

Intervention
Variable Point
Hypotension No 0

Yes 5
Intra-aortic balloon pump No 0

Yes 5
Congestive heart failure No 0

Yes 5
Age >75 years No 0

Yes 4
Anaemia No 0

Yes 3
Diabetes No 0

Yes 3
Contrast media volume 1 point per 100 mL contrast
eGFR, mL/min/1.73 m? >60 0

40 to <60 2
20 to <40 4
<20 6
Risk of CI-AKI

Mehran Risk Score Risk of CI-AKI Requiring Dialysis
<5 7.5% 0.04%
6 to 10 14% 0.12%
11to 15 26.1% 1.09%
>16 57.3% 12.6%

Abbreviations: eGFR, estimated glomerular filtration rate; CI-AKI, contrast-induced acute kidney
injury
predicting CI-AKI after percutaneous coronary intervention
(intra-arterial contrast administration) (Table 21.3). Unfortu-
nately, it has not been validated for patients receiving intrave-

nous contrast administration.
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Prevention of CA-AKI and CI-AKI

e Thereisno specific treatment for CA-AKI and CI-AKI and mini-
mising the risks is the cornerstone of management (Table 21.4).

Table 21.4: Minimising the Risks of Contrast-Induced Acute Kidney

Injury

Risk Stratification

Identify Risk Factors

Indication

Communication

Hydration

N-acetylcysteine
(NAC)

Review the indication of contrasted imaging

and explore alternate imaging modalities and
interventions — risks and benefits of different
options need to be weighed and discussed with the
patient.

Proper counselling and education prior to contrast
exposure.

Hydration is the mainstay of preventing CI-AKI — it
improves the patient’s volume status, dilutes contrast
media, and increases kidney blood flow as well as
tubular urine flow, which will reduce retention of
contrast media and toxicity in the tubular lumen.
Intravenous fluid hydration (0.9% sodium chloride
preferred — isotonic bicarbonate does not provide
additional benefits).

Oral hydration is not recommended.

IV hydration is tailored to the patient’s volume status,
urine output, and comorbidities (e.g. fixed 500 mL
or 1-3 mL/kg/hr)

IV hydration should be started at least 1-4 hours
before and continue to 3-12 hours post-contrast
exposure.

IV hydration may be considered for patients on HD
or PD who have signficant residual kidney function
to preserve the latter.

Fluid overload should be avoided when hydrating
the patient.

There is no strong evidence or consensus to support
the routine use of IV or PO NAC to reduce the risk
of CI-AKI.
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Table 21.4: (Continued)

Risk Stratification

Identify Risk Factors

Adjust medications

Contrast agents

Prophylactic HD

Monitoring

Stop nephrotoxic drugs (e.g., NSAIDs).

Diuretics may need to be withheld in order for
sufficient hydration to occur.

Stop metformin temporarily as it increases risk of
lactic acidosis if CI-AKI occurs — it can be restarted
if kidney function is stable 48 hours after contrast
exposure.

There is no recommendation in the guidelines about
the stopping or reducing of ACEI/ARB but this may
be reasonable considering that hyperkaaemia may be
exacerbated if CI-AKI should occur.

Statins should be continued as they may be
beneficial in reducing CI-AKI.

Use low-osmolar or iso-osmolar contrast media
Minimise volume of contrast media

Limit maximum contrast volume

Consider interval of contrast administration
(multiple doses within 24-72 hours increase risk of
CI-AKI)

Not recommended as it has not been shown to
reduce the incidence of CI-AKI

In patients already on HD, extra HD or change in
HD schedule in relation to contrast administration is
also not recommended unless there is fluid overload

Monitor renal function closely especially among high
risk patients

Abbreviations: ACEI, angiotensin-converting enzyme inhibition; ARB, angiotensin receptor

blockers; CI-AKI, contrast-induced acute kidney injury; HD, haemodialysis; IV, intravenous; NAC,

N-acetylcysteine; NSAIDs, non-steroidal anti-inflammatory drugs; PD, peritoneal dialysis
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Urinary Tract

g Infections in the
Non-Transplant Setting
Jasmine Chung
Introduction

e Urinary tract infections (UTIs) are common infections encoun-
tered by every specialty both in the hospital as well as in the

community.

e The spectrum of disease is broad, ranging from asymptomatic
bacteriuria (ASB) to cystitis to pyelonephritis, and in the most
extreme of cases, the infection may potentially be life-threaten-
ing.

e Because UTIs are so common, it is very easy to treat “every
UTT” with a course of antibiotics and stop there. However, there
are opportunities for improved care if we put things in context.
ASB does not usually warrant treatment. When UTIs are too
frequent, complications develop, or if they occur in patients
from special populations, our approach must be adjusted
accordingly (Figure 22.1).

e For the non-kidney transplant patients, they may have:

»  Underlying structural/renal tract problems, such as reflux
nephropathy, polycystic kidney disease, obstructive lesions
(e.g., strictures, benign prostatic hypertrophy)

W 225
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Urinary tract infections
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Figure 22.1:  Approach to Managing Patients with Urinary Tract Infections — Putting
Things in Context

=  Chronic kidney disease (CKD) — recurrent UTI in this
case may result in progression of the CKD or a severe UTI
may tip the patient over and dialysis may be required

» Renal stone disease

= Foreign body in situ (e.g., genitourinary stents in situ)

= Neurogenic bladder

e In working up the patient for UTIs, the following factors are

important:

» Hostcharacteristic(e.g., gender, comorbidities, underlying
genitourinary structural abnormalities, pregnancy)

» Risk factors/precipitating event (e.g., lifestyle, sexual

behaviour, recent surgery, genitourinary instrumentation)
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* Syndrome
It is important to assess the severity of the infection and
determine if it is a lower UTI (e.g., cystitis) or upper UTI
(e.g., pyelonephritis where the patient may be systematically

unwell and the infection could be life-threatening).

» Bug/offending pathogen
UTIs are usually caused by uropathogens such as
gram-negative pathogens (faecal flora) or gram-positive
organisms such as Staphylococcus saprophyticus and
Streptococcus agalactiae (otherwise known as Gp B
Strep). If an unusual pathogen is isolated from the urine
cultures, further workup is warranted. For example, in
the case of Staphylococcus aureus being isolated from the
urine, a more sinister process needs to be excluded (e.g., a
bacteraemia, which was an antecedent event, and infective
endocarditis has to be excluded). For unusual pathogens
isolated (e.g., Muycobacterium species, Actinomyces
species), we have to consider the pathophysiology behind
the UTI, assess for predisposing factors, and address the

underlying cause.

Definitions

e There are 2 very important entities to consider in evaluating
and managing patients with suspected UTI. The first is ASB
and the latter is clinically symptomatic UTI. The former often
does not warrant treatment except during pregnancy, prior to
invasive urological procedures with mucosal trauma, or within
the first month following kidney transplantation (older publica-

tions recommend up to 3 months).
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e ASB is defined as the presence of 1 or more species of bacteria
growing in the urine at specified quantitative counts (=10° col-
ony-forming units [CFU]/mL or 210° CFU/L), irrespective of
the presence of pyuria and in the absence of signs or symptoms
attributable to UTIL. ASB is a common finding in some healthy
females and in many women or men with abnormalities of the
genitourinary tract that impair voiding.

e For clinical purposes, patients with UTIs must have a compat-
ible clinical syndrome (lower tract symptoms are characterised
by dysuria, frequency, urgency, and/or suprapubic pain, while
patients with upper tract symptoms may experience fever, flank
pain, and costoverterbral tenderness and may also be system-
ically unwell), evidence of urinary tract inflammation (e.g.,
documented pyuria), + uropathogen isolated from their urine
cultures. In patients who have been pretreated with antibiotics
prior to collection of urine specimen, urine cultures are likely

to return positive.

e For the purposes of healthcare surveillance and clinical
research, there are existing definitions of UTIs proposed but
they are not universally accepted definitions, and may vary
between the published guidelines. Nonetheless, it is still
important to appreciate the various definitions used as this
would have implications for healthcare communication and
patient care.

e One useful framework is the UTI classification based on the

European Association of Urology (EAU) urological infections
guidelines (Table 22.1).
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Common Terminology Used in the Evaluation and

Management of Urinary Tract Infections

Definitions

Uncomplicated
UTI

Complicated
UTI

Recurrent UTI

CAUTI

Urosepsis

Acute, sporadic, or recurrent lower (uncomplicated cystitis)
and/or upper (uncomplicated pyelonephritis) UTL, limited
to non-pregnant women with no known relevant anatomical
and functional abnormalities within the urinary tract or
comorbidities.

UTIs in a patient with an increased chance of a complicated
course; e.g., all men, pregnant women, patients with
relevant anatomical or functional abnormalities of the
urinary tract, indwelling urinary catheters, renal diseases,
and/or with other concomitant immunocompromising
diseases (e.g., diabetes).

Recurrences of uncomplicated and/or complicated UTIs,
with a frequency of at least 3 UTIs/year or 2 UTIs in the last
6 months.

CAUTIs refers to UTIs occurring in a person whose urinary
tract is currently catheterised or has had a catheter in place
within the past 48 hours.

Urosepsis is defined as life-threatening organ dysfunction
caused by a dysregulated host response to infection
originating from the urinary tract and/or male genital organs.

Abbreviations: UTL, urinary tract infections; CAUTIs, catheter associated urinary tract infections

Diagnosis

e The diagnosis of UTI is based on history, clinical examination,

and/or urine examination.

e The indication and type of urine examination depends on the

clinical diagnosis. In general, we should only be performing a

urine examination if an infection is suspected and we plan to
treat it (Table 22.2).
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Table 22.2: Indications for Urine Examination Based on Clinical

Diagnosis
Diagnosis Implications for Testing
ASB Targeted testing — We should only screen for

Acute uncomplicated
UTT (cystitis)

Acute pyelonephritis
Non-resolving UTI
UTI recurring within
24 weeks upon
completion of therapy

Complicated UTI

ASB in pregnant women, patients undergoing
urological procedures with mucosal trauma, and
kidney transplant recipients within the first month of
transplant surgery.

The diagnosis can be made on focused history alone.
In the community setting, urine dipstick may be useful
in patients presenting with atypical symptoms. Urine
cultures are not routine. Patients often respond to
antibiotics based on guideline recommendations.
Urine cultures recommended.

Urine cultures recommended.

Urine cultures recommended.

Urine cultures recommended.

Modalities of Urine Examination for the

Assessment of Urinary Tract Infections

Urine dipstick

e Point of care testing with the dipstick urinalysis is widely used

in the community setting; the presence of leukocyte esterase

and/or nitrites in a midstream urine specimen (MSU) supports
the diagnosis of a UTL.

e The leukocyte esterase is 75-96% sensitive and 94-98% spe-
cific for detecting uropathogens at 10° CFU per mL of urine.
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e The sensitivity of urine nitrite tests is 35-85% sensitive and
95% specific; the reduced sensitivity of urine nitrate can be
explained by the fact that some uropathogens such as Entero-
coccus spp., S. saprophyticus and Acinetobacter are non-ni-

trate-reducing.

e The urine dipstick is useful in evaluating patients presenting
with atypical symptoms. In patients with a low pretest proba-
bility for a UTI, a negative urine dipstick for leukocyte esterase
and nitrite is a good rule-out test. In contrast, a positive dip-
stick for leukocyte esterase and nitrite increases the likelihood
of a UTL

Urine microscopy

Urine microscopy has to be interpreted in context (Table 22.3).

Urine cultures

e Urine cultures are important in patients who may be at risk
of developing severe infections (e.g., pyelonephritis, com-
plicated UTIs) and those with non-resolving or recurrent
infections. The burden of antimicrobial resistance is high,
and appropriately collected urine cultures (prior to antibiotic
administration) are important for culture-directed therapy for

optimal outcomes.

e Ideally, the urine specimens should be sent to the microbi-
ology laboratory soon after collection for processing. It urine

cultures cannot be sent immediately (this usually happens



232 The Kidney Book

Table 22.3:

Interpretation of Urine Microscopy

Findings in Urinary

Tract Infections

Caveats

Urinary RBC
(normal range:
<3 RBC/hpf)

Urinary WBC

(normal range:
25 WBC/hpf)

Urinary EC
(normal range:

1-5 EC/hpf)

Haematuria may be
present

>10/hpf

May be due to UTI, but one has
to consider other non-infectious
causes.

It has to be interpreted in light of
clinical symptoms.

Pyuria in the absence of clinical
symptoms is not indicative of UTL.
Absence of pyuria and bacteriuria
may indicate colonisation rather
than infection, or a contaminated
urine specimen.

Sterile pyuria could be due to
infection with atypical organisms
(e.g., Chlamydia, Ureaplasma
urealyticum, tuberculosis) or other
non-infective causes.

>5 EC/hpf suggests a contaminated
urine specimen.

Abbreviations: UTI, urinary tract infections; RBC, red blood cell; WBC, white blood cell; EC,
epithelial cell; hpf, high power field

after office hours), the specimen should then be stored in a

refrigerator at 4°C. This is because bacteria will continue to

proliferate in the warm medium of freshly voided urine and

may lead to increased bacterial counts and affect the inter-

pretation of urine culture results.

e The colony count should also be considered when interpreting

urine culture results (Table 22.4).
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Table 22.4: Interpreting Urine Cultures Based on Colony Count
Criteria

Classification of Laboratory Investigation of Urine/Evidence for
UTI Bacteria in Terms of CFU/mL

ASB 10> CFU/mL of uropathogen

Acute simple cystitis  >10 WBC/hpf

in a female >10° CFU/mL of uropathogen

Acute >10 WBC/hpf

pyelonephritis >10* CFU/mL of uropathogen

Abbreviations: ASB, asymptomatic bacteriuria; CFU, colony forming unit; WBC, white blood cell;
hpf, high power field

Microbiology

e For most cases of UTIs, it is usually a monomicrobial infection.
Community-acquired UTIs are commonly caused by drug-
susceptible gram-negative uropathogens such as E. coli, Klebsi-
ella spp, Proteus spp., or some gram-positive uropathogens such
as Staphylococcus saprophyticus and Group B Streptococcus.
UTTs occurring in patients with recent receipt of antibiotics or
healthcare exposures may be caused by more resistant patho-
gens such as Amp C and extended spectrum beta-lactamases
(ESBL) carrying Enterobacterales. They may also be caused by
common nosocomial pathogens such as Pseudomonas aerugi-
nosa and Enterococcus spp, which may also be drug-resistant

strains.

e If more than one pathogen is isolated in the urine culture, it is
either a contaminant or a true polymicrobial infection indic-
ative of a fistula developing in the genitourinary system, or it
could be a urine specimen collected from an existing nephros-
tomy tube.
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UTIs in Special Populations

UTIs in males

e UTIs in males are uncommon due to longer urethral length,
drier periurethral environment, and antibacterial resistance in
prostatic fluid. Risk factors include insertive anal intercourse
and lack of circumcision. In this group of patients, we have to
be vigilant for the prostatitis or upper urinary tract infection. In
addition, urological abnormalities and other medical conditions
such as poorly controlled diabetes mellitus or immunocompro-
mising conditions have to be excluded.

UTIs in older adults

e Older adults often present with non-specific symptoms and it
may be challenging to diagnose a true UTI in this population
(i.e., the patient may have another medical condition, infective
or otherwise, while having concomitant ASB). A thorough eval-
uation, appropriate workup, and review of the medication list
is recommended prior to starting empiric antibiotics for UTI.
Treatment of ASB in the elderly often results in overuse of anti-

biotics which is a driver for antimicrobial resistance.

Catheter-associated UTIs

e The use of urinary catheters is common in the healthcare set-
ting. In patients with indwelling urinary catheters or those with
intermittent catheterisation, it is again important to distinguish
between catheter-associated ASB (CAASB) and catheter-
associated UTI (CAUTI).
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Patients with CAASB are asymptomatic, and those with CAUTI
must have a compatible clinical syndrome. In clinical practice,
the diagnosis of CAUTI is often overcalled and antibiotics are
overprescribed.

As a general rule of thumb, routine urine cultures in asymp-
tomatic catheterised patients is not recommended. In catheter-
ised patients, the presence of pyuria or malodorous urine does
not distinguish between CAASB from CAUTI.

CAASB does not require treatment. In contrast, CAUTI is a
common cause of nosocomial infection and treatment is war-
ranted. In patients with CAUTIs, the urine specimen should be
obtained for culture prior to initiation of antimicrobial therapy.
If the catheter is still indicated, it should be replaced (espe-
cially if it has been in place for >2 weeks at the onset of CAUTI)
and urine cultures should be obtained from the freshly placed
catheter. Conversely, if the catheter can be discontinued, then a
midstream urine specimen should be obtained. Obtaining urine
cultures for culture-directed therapy is important as CAUTIs
are usually caused by more drug-resistant pathogens.

In general, a 7-day course of treatment should suffice; how-
ever, a longer course of treatment (~10-14 days) may be rec-
ommended for those with delayed responses and the catheter
should be replaced if it is still required.

Regarding CAUTTISs, prevention is better than cure. Indwell-
ing catheters should be placed only if there is a clear indi-
cation to do so. Adherence to infection prevention practices
(e.g., CAUTI bundle) is recommended. The CAUTI bundle
includes clear documentation of indication for the catheter,

insertion of the catheter under aseptic technique by trained
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staff, maintaining perineal hygiene, maintaining a closed
system to ensure sterility, placing the urinary bag below the
bladder but above the floor, ensuring unobstructed urinary
flow, and daily review of the ongoing indication of the urinary
catheter. Indwelling catheters should be removed promptly

when no longer required.

UTIs in diabetic patients on sodium glucose
co-transporter-2 (SGLT2) inhibitors

SGLT2 inhibitors (SGLT2i) are beneficial for diabetic
patients with cardiorenal comorbidities as they improve
cardiorenal outcomes. SGLT2i work by blocking glucose
reabsorption in the proximal tubules. While this improves
diabetic control, it results in significant glycosuria, and this
may explain the increased risk of UTIs and genitourinary
yeast infections. However, the numbers needed to treat to
improve cardiorenal outcomes are much smaller than the
numbers needed to harm regarding UTI and genitourinary

yeast infections risk.

Nevertheless, some caution must be exercised in patients on
SGLT2i. Vigilance is prudent, and patients should be coun-
seled to make sure that they are well hydrated, avoid holding
their bladder, and maintain good personal (including perineal)
hygiene. If UTIs develop, patients with mild and uncompli-
cated infections can be managed expectantly and continue
the use of SGLT2i. For those with recurrent UTIs, severe
UTIs (e.g., emphysematous pyelonephritis), or life-threaten-
ing complications, we may have to consider modification of
therapy.
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Management of UTIs

e Management depends on whether it is a lower U