MY-SG ADPKD
Practical Guide




MY-SG ADPKD Practical Guide

Foreword (i)

On behalf of the Malaysian Society of Nephrology, it is my pleasure to introduce the MY-SG
ADPKD Practical Guide, developed together with our colleagues from the Singapore Society
of Nephrology. This guide reflects a shared commitment by both societies to improve the care
of people living with autosomal dominant polycystic kidney disease (ADPKD) in our region.

ADPKD is a complex condition that often poses challenges in day-to-day clinical practice.
Clinicians frequently ask very practical questions — when to screen, how to risk-stratify, when
to start disease-modifying therapy, and how to support patients and families through genetic
counselling and transplantation. This case-based guide was written to answer those questions
in a clear and accessible way, using real-world scenarios from both Malaysia and Singapore.

We hope this resource will give clinicians greater confidence in recognising, investigating, and
managing ADPKD, and will ultimately translate into earlier diagnosis, more consistent care,
and better outcomes for our patients and their families.

Prof Dr Lim Soo Kun

President

Malaysian Society of Nephrology
2024 - 2026
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Foreword (ii)

It is with great pleasure and pride that we present this Malaysia-Singapore ADPKD Practical
Guide, a landmark collaboration between the Singapore Society of Nephrology and the
Malaysian Society of Nephrology.

This joint endeavour represents a significant milestone in our collaboration. Autosomal
Dominant Polycystic Kidney Disease remains one of the most common inherited kidney
disorders, affecting thousands of families across both Singapore and Malaysia. By pooling our
collective clinical expertise and experience, we have created a comprehensive, practical
resource that addresses the real-world challenges our clinicians face—from diagnosis and risk
stratification to the complexities of paediatric presentation and pre-transplant evaluation.

The case-based approach adopted in this guide reflects our shared commitment to practical,
patient-centred care. Each chapter has been carefully crafted to provide actionable guidance
whilst acknowledging the nuances of managing ADPKD across different healthcare settings in
our region. The inclusion of a patient information leaflet further underscores our dedication to
empowering patients and their families with knowledge about their condition.

This collaboration exemplifies what can be achieved when we transcend borders in pursuit of
clinical excellence. The seamless partnership between our societies, the dedication of the
contributing authors, and the shared vision of improving outcomes for ADPKD patients have
made this publication possible.

I am confident that this practical guide will serve as an invaluable resource for nephrologists,
trainees, and allied healthcare professionals throughout Malaysia and Singapore. More
importantly, I envision this as the first of many collaborative initiatives between our societies.
Together, we can continue to advance nephrology care, share best practices, and ultimately
improve the lives of our patients across the region.

I would also like to thank Prof Lim for suggesting this collaboration and congratulations to all
members of the working group for their tireless efforts in bringing this project to fruition. Your
commitment to excellence and collaboration has set a strong foundation for future partnerships.

A/Prof Dr Jason Choo
President
Singapore Society of Nephrology
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Case 1: ADPKD Diagnosis, Risk Stratification & Non-Pharmacological
Management

Case History
Ms TGE, 42-year-old Chinese woman, diagnosed with ADPKD at age 30 following pre-

eclampsia in her first pregnancy. History of hypertension since age 30, on Losartan 100 mg
daily.

Family history: mother and one sister with ADPKD; no known intracranial aneurysm or
stroke; patient’s MRA brain (2015) was normal.

Married, with two daughters aged 9 and 12 years.
Both pregnancies were complicated by pre-eclampsia.

No history of kidney pain, urinary tract infection, or nephrolithiasis reported.

Physical Examination
Height 1.68 m, weight 58 kg (BMI 20.6 kg/m?)

Clinic BP 136/82 mmHg; home BP readings average 130—140/80-85 mmHg.

Liver palpable; ballotable kidneys (L>R); no hernia.

Relevant Investigations

Date July 2024 June 2023 Feb 2022
Creat, pmol/L 78 83 76
eGFR, ml/min/1.73m? | 81 76 85

USG KUB (27/3/2012)

Right kidney measures 13.0cm in bipolar length with cortical thickness of 0.7cm.
Echogenicity is normal. There are multiple renal cysts with calcification noted at the right
kidney, the largest 2.0cm x 1.7cm at the mid to lower pole.

Left kidney measures 13.5cm in bipolar length with cortical thickness of 0.8cm.
Echogenicity is normal. There are multiple renal cysts with calcification noted at the left
kidney, the largest measuring 3.0cm x 1.7cm.

No hydronephrosis noted bilaterally.

There are 3 cysts noted at the liver, the largest measuring 2.7cm x 1.9cm at the segment VII.
Bladder is distended. No mass or calculi seen.

Impressions
1. Features in keeping with bilateral polycystic kidney disease.
2. Liver cysts
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Q1: What is your diagnosis?

For screening adults at risk of ADPKD, we recommend first using abdominal imaging by
ultrasound. Age-specific numbers of cysts seen on ultrasound have been used to diagnose and
exclude ADPKD, in the presence of positive family history. !

Age Ultrasound-based diagnostic Magnetic resonance imaging (MRI)-
(years) | criteria® based diagnostic criteria*

15-39 | >3 cysts (total) >10 cysts (total)

40 -59 | > 2 cysts in each kidney Not determined

> 60 > 4 cysts in each kidney Not determined

*when there is positive family history

The diagnosis of ADPKD in this patient is rather straight-forward, as:
i. She has a positive family history - her mother and eldest sister had ESKD due to ADPKD
ii. Ultrasound scan showed enlarged kidneys with multiple renal cysts in both kidneys

Q2: Should her daughters (aged 9 and 12) undergo imaging for ADPKD?

ADPKD, though classically an adult-onset disease, can manifest in children. In at-risk children,
the decision to pursue diagnostic imaging (e.g., ultrasound and genetic testing) is complex and
should be guided by a family-centered, shared decision-making approach. Key
considerations in performing kidney imaging in children are:
e The presence of a single kidney cyst in a child (<15 years) with a positive family
history is highly suggestive of ADPKD.
e However, a negative ultrasound does not rule out disease, since cysts may not yet be
detectable in children.

Screening has potential benefits (e.g., reassurance, early monitoring of hypertension or
proteinuria, preparation for family planning) but also potential harms (e.g., anxiety, stigma,
difficulties with insurance or future employment in some jurisdictions).

Both KDIGO 2025 and IPNA/ESPN 2019 emphasize individualized counselling of parents
and, when appropriate, children themselves. The choice between immediate diagnostic
screening and deferring until adulthood remains valid, provided that early treatable
manifestations (hypertension, proteinuria) are monitored.

Comparison of KDIGO 2025 vs IPNA/ESPN 2019 Recommendations>~

KDIGO 2025 does not recommend universal screening in at-risk minors; rather it recommends
case-by-case approach. Genetic testing may be offered in children with very early onset,
atypical presentations, or diagnostic uncertainty, but routine imaging in asymptomatic minors
is not advised unless clinically indicated.

IPNA/ESPN 2019 covers a more proactive approach, recommending counseling all at-risk
families and offering screening, using either diagnostic ultrasound or genetic screening, or
through ongoing surveillance for early detection of treatable asymptomatic manifestations like
hypertension or proteinuria.
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This table summarizes and compares key recommendations regarding screening at-risk
children for ADPKD from the KDIGO 2025 guideline and the IPNA/ESPN 2019 international

consensus.

Aspect

KDIGO 2025

IPNA/ESPN 2019 Consensus

General stance

Screening of asymptomatic children
is optional; emphasize shared
decision-making.

Screening is optional, both
immediate and deferred strategies
are acceptable after counselling.

testing only in specific contexts
(e.g., diagnostic uncertainty, living-
related donation, atypical cases).

Counselling Parents should receive counselling | All parents of at-risk minors must
on inheritance, pros/cons of be counselled on inheritance and
screening, and implications. pros/cons (Strong

recommendation).

Diagnostic Ultrasound is reasonable but limited | Parents should be offered

options sensitivity in children; genetic diagnostic screening (ultrasound

or genetic) after counselling
(Moderate recommendation).

If screening is

Emphasize monitoring for treatable

If imaging is deferred, parents

shared decision-making.

deferred signs (blood pressure, proteinuria). | should inform children once they
reach adulthood (Moderate
recommendation).

Monitoring All at-risk children should have Similarly recommend repeated

without regular BP and urinalysis regardless | screening for

diagnosis of whether imaging is performed. hypertension/proteinuria even if
diagnostic imaging is deferred.

Psychosocial Acknowledge emotional, social, and | Strong emphasis on counselling

aspect ethical consequences; support and family-centered decision-

making, including psychosocial
implications.

In this case, for the 9- and 12-year-old daughters, imaging (ultrasound) can be considered
but is not mandatory. The approach should be:
e Counsel parents on benefits and risks.
e Shared decision-making, involving the children if appropriate.
e Monitoring for hypertension and proteinuria even if diagnostic imaging is deferred.
e Ensuring children are informed about their risk once they reach adulthood if no
diagnostic screening is done earlier.
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Q3: Would genetic testing offer added value in this patient’s management?

Generally, genetic testing is useful to clarify the diagnosis and aid in prognostication:>*

Diagnosis

* Atypical findings with imaging (asymmetric or unilateral disease, limited number of cysts)

* Discordance between structural (Mayo Imaging Classification) and functional (GFR) severity
* Very-early-onset ADPKD (VEO-ADPKD)

* Variable disease severity in a family

* Negative family history

Prognostication
* Genetic mutation: PKD1 vs PKD2 vs Others
* Type of mutation: truncating vs non-truncating PKD1 mutation

Others
* Reproductive planning and preimplantation genetic diagnosis (PGD)
* Selection of living-related kidney donor

In this case, genetic testing is not required for diagnosis making in this patient as she has typical
presentation with a positive family history. We need to be aware that genetic testing is not
always definitive in ADPKD. In a person with a typical presentation, negative or uncertain
genetic results do not exclude the diagnosis of ADPKD. This could be due to:
- Difficulty in testing for PKD1 variants due to its proximity to 6 other pseudogenes on
Chromosome 16
- Structural variants or copy number variation may not be detected in next generation
sequencing (NGS), and may require other testing modalities e.g. MLPA (multiplex
ligation-dependent probe amplification)

However, we should discuss with the patient regarding the potential benefits and drawbacks of
performing genetic testing.

Potential benefits:
a) Prognostic insight — for example, truncating PKD1 variant is associated with a more
aggressive disease
b) Reproductive planning to discuss options such as preimplantation genetic testing or
prenatal testing
¢) Transplant purposes — to confirm the absence of mutation in the family donor

Drawbacks:’
a) Cost
b) Psychological distress - other family members who unwanted genetic information,
reveal previously assumed biological relationships e.g. paternity
c) Risk of genetic discrimination
e Employment
e Insurance - especially for family members at risk
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Q4: What would you do to risk stratify this patient?

Height-adjusted total kidney volume (htTKV) predicts future decline in kidney function. It is
most accurately measured by MRI or CT scan, calculated using an automated/ semi-automated
tool. Age-adjusted TKV, represented by the Mayo imaging classification (MIC), estimates each
patient’s rate of kidney growth and eGFR slope.

Followings are the trajectory of (A) htTKV and (B) eGFR as stratified by the MIC (class 1A-
E). htTKV rate of growth by imaging class and rate of GFR decrease by age group and imaging

58,9

class are summarized in C and D (adapted from Chebib et al).'°

5000

A htTKV, mL/m

150

B GFR, mL/min/1.73 m2

1E 125
4000 1D
100 = NA
3000
1c 75 \
2000 \ 1B
1B 50
1000 1A 1c
25 1E 1D
0 0
10 30 40 50 60 10 20 30 40 50 60
Age, years Age, years
C htTKV rate of N (%) Mean age D GFR slope, mL/min/1.73 m?2 per year
growth, at kidney
mL/m per year failure, y 20-30y | 30-40y | 40-50y | 50-60y
MIC 1E >6% 69 (13%) 40 MIC 1E -3.25 -4.65 -6.05
MIC 1D 4.5-6% 118 (22%) 52 MIC 1D -1.97 -3.37 -4.77 -6.16
MIC 1C 3-4.5% 170 (32%) 54 MiC 1C -0.52 -1.92 -3.32 -4.71
MIC 1B 1.5-3% 125 (23%) NA MiC 1B 0.21 -1.19 -2.58 -3.98
MIC 1A <1.5% 56 (10%) - MIC 1A 0.77 -0.63 -2.03 -3.42

Classification
classification/doc-20094754)

Sequences:

Axial: T2 HASTE
Coronal: T2 HASTE, T2 SPC
Sagittal: T2 HASTE

Patient"s age: 42
Patient"s height: 1.68m
Approximate measurements:

Right kidney:
Maximal width (W): 8.5cm
Maximal depth (D): 6.3cm
Sagittal length (L1): 13.8cm
Coronal length (L2): 12.3cm
Right kidnev volume: 354.2

(MIC).

MRI was done for this patient to calculate the htTKV by employing the Mayo Imaging
(https://www.mayo.edu/research/documents/pkd-center-adpkd-
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Left kidney:

Maximal width (W): 7.9cm
Maximal depth (D): 8.0cm
Sagittal length (L1): 15.1cm
Coronal length (L2): 15.6cm
Left kidney volume: 516.1

Total kidney volume: 873.9 mL
Height Adjusted TKV (mL/m) : 520.2mL/m
ADPKD Classification: 1C

Multiple well-defined hypointense cystic lesions seen within the right and left kidney.
Hepatomegaly (CC length 23.9cm) with increasing and larger multiple liver cysts. The
largest cyst measures 10.4x10.6x10.5cm with hypointense component within (SE3 IM44).
No splenic cyst.

Multiple well-defined T2W hypointense lesions seen in the visualised uterus.

Impression:

Case of ADPKD, current MRI show:

1. Approximate HtTKV as mentioned.

2. Larger liver cysts with hypointense component within the largest liver cyst, ?artefactual.
Suggest targeted ultrasound assessment.

3. T2W hypointense lesions seen in the visualised uterus may represent fibroids. Suggest
gynaecology assessment if clinically indicated.

3 ADPKD Classification if Kidney Volume previously calcalated by Stercology

Calculated Results

Height Adjusted TKY (mlSm) 5202
ADPKD Classification

Claar A
Calu e Classficatior|

Prediction of Future ¢GFR based on Classification
Calculated Results

]
E Current eGFR (ml/min/] 73m2) il
o
F Future eGFR (mLimin/].73m2 4“5
e
0
Chésir Al Calcuste Cumert and Fulue eG7R
This egustion is only ith ereat says that are traceable to IDM:
AA = African A 0 = All et xher than African Al
-//
//
= ///
/// Class 10
/'//
¥ T
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QS5: How do you inform the patient regarding the prognosis?

This patient has Mayo Imaging Classification IC. The predicted eGFR is 46.5ml/min/1.73m?
in 10 years time. However, her serial blood tests did not show rapid disease progression which
is defined in KDIGO guidelines as >3 ml/min per 1.73 m? per year.’

Date July 2024 June 2023 Feb 2022
Creat 78 83 76
eGFR 81 76 85

The Predicting Renal Outcome in Polycystic Kidney Disease (PROPKD) score can also be
used to identify patients with rapidly progressive disease.!! However, she does not have genetic
testing for further PROPKD scoring.

Scores | Predicting Renal Outcome in
Gender Polycystic Kidney
e Female 0 Disease (PROPKD) Score
e Male 1
- 0-3: Low risk
Hypfrt6§51on before 35 years old 0 Excludes progression to ESKD
o Y:s ’ before 60 years of age (negative
- - - predictive value of 81.4%)
First urologic event (E.g., gross haematuria/
cyst haemorrhages, cyst infections, flank 4-6: Intermediate risk
pain related to the cysts) before 35 years old
e No 0 7-9: High risk
® Yes 2 Rapid progression to ESKD
Mutation before 60 years of age (positive
e PKD2 0 predictive value of 90.9%)
e PKD I non-truncating 2
e PKD I truncating 4

She had hypertension at the age of 30 years old, which is a poor prognostic factor. Her current
blood pressures are not within optimal target yet (</=110/75 mm Hg).

Besides that, family history with onset of kidney replacement therapy (KRT) at <60 years in
>2 first-line family members is a risk factor for rapid disease progression. It is important to
find out the age of the patient’s mother upon diagnosing ESKD; as well as the CKD stage of
her sister.

In conclusion, the decision of starting Tolvaptan is not solely dependent on Mayo classification.
We need to assess other prognostication factors as well.
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Q6: What would be the non-pharmacological interventions available?

Potential non-pharmacological approaches to aid in management of ADPKD include
management of blood pressure, hydration, dietary sodium intake, other dietary component,
caloric restriction, and weight management (adapted from Steele et al)!?

(A) Blood pressure!3-16
o Whatis the target blood pressure in this patient?
Target BP <110/75mm Hg is recommended in this patient.

Hypertension is associated with kidney cyst burden and progression to kidney failure in
ADPKD. Based on HALT-PKD Study A which included ADPKD patients aged 18-49 with
preserved renal function G1-G2 and blood pressure >130/85 mm Hg, target BP <110/75mm
Hg is recommended. Intensive BP control over 5 years was associated with a slower increase
in total kidney volume, decline in left ventricular mass index, reduced in urinary albumin
excretion rate. However, there is no significant difference in eGFR decline slope. When high-
risk individuals (i.e., those with MIC 1D or 1E classification) were evaluated in HALT-PKD
Study A, the impact of randomization to low BP (<110/75 mm Hg) was even greater with a
significant impact on the slope of eGFR decline, as well as increase in TKV. For patients with
ADPKD >50 years of age and/or with more advanced CKD (CKD G3-G5), target of mean
systolic blood pressure (SBP) <120mm Hg, if tolerated is associated with reduced
cardiovascular events and all-cause mortality.
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o  What are the options of antihypertensive in this patient?

First line antihypertensive suggested are ACEi or ARB, which this patient is already taking at
optimal dose. Second line options in this case are diuretics or beta-blockers. Calcium-channel
blockers are not preferred antihypertensives due to theoretical potential in exacerbating the
effects of cAMP which would lead to increased cyst growth and kidney enlargement.

Multiple RCTs in people with kidney diseases without diabetes have shown that RASi confers
a class-specific kidney and cardioprotective effect.

There is a concern that diuretics may increase vasopressin concentration and RAAS activity,
thereby worsening disease progression in ADPKD. An observational cohort of 533 ADPKD
patients showed no difference between thiazide users and non-users in the rate of eGFR
decline.'® HALT-PKD A study used thiazide as second line antihypertensive agents after ACE-
inhibitor/ARB and showed no significant adverse outcome.

(B) Fluid intake and hydration

In ADPKD, disease progression is linked to vasopressin (ADH) secretion, which promotes cyst
growth by activating V2 receptors in the kidneys. Vasopressin is stimulated by high serum
osmolality or low blood volume. Animal studies suggest that suppressing ADH slows cyst
development, but directly measuring ADH is challenging due to its short half-life. Instead,
urine osmolality serves as a proxy—Ievels below plasma osmolality (<270 mOsm/kg) may
reduce ADH activity. Copeptin, a stable marker of vasopressin, has also been associated with
disease progression.

Clinical trials, such as the PREVENT-ADPKD study, tested whether prescribed water intake
(targeting urine osmolality <270 mOsm/kg) slows kidney growth.?® Despite increased fluid
intake, patients struggled to achieve the target osmolality, and no significant difference in
kidney volume or eGFR decline was observed. Adherence was difficult, and hyponatremia
occurred in 10% of cases. These findings suggest that while high water intake may theoretically
help, practical implementation remains challenging with unclear benefits in human studies.

Given the theoretical benefit and ease of access, patients with ADPKD should drink at least 2-
3L per day to possibly reduce cyst growth and reduce the risk of stone formation, provided no
contraindication, such as:’

- Baseline hyponatremia (<135mmol/L)

- Potential safety risk for increased water intake

- Risk of fluid overload (heart failure, cirrhosis)

- Use of medications that may increase the risk of hyponatremia (SSRIs — selevtive
serotonin reuptake inhibitors, TCAs — tricyclic antidepressant)

Patient who is taking Tolvaptan is expected to have increased urine production, estimated to be
more than 5L per day. Hence, it is important for the patient to drink adequately to compensate
for the polyuria.
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(C) Dietary sodium restriction!*17-13
e  How much sodium intake recommended for this patient?

Dietary sodium restriction to <2g per day of sodium or <5g per day of salt is recommended in
patients with ADPKD. The Consortium for Radiologic Imaging Studies of Polycystic Kidney
Disease showed an association between urine sodium excretion (UNaE), a surrogate marker
for dietary sodium, and the rate of increase in total kidney volume (TKV) at relatively early
stages of the disease. In the post hoc analyses of the HALT Progression of Polycystic Kidney
Disease (HALT-PKD) trials (studies A and B), lower dietary sodium intake measured by 24-
hour urinary sodium excretion was associated with more favourable kidney disease outcomes.

(D) Weight management and caloric restriction

Obesity is an independent risk factor for both CKD and ESKD, and in patients with ADPKD,
it similarly serves as a predictor of disease progression. Patients with ADPKD should maintain
a healthy (adjusted) body weight considering the additional weight due to enlarged kidney and
liver, with a target BMI of 20-25kg/m?.

The patient’s current BMI of 20.55 kg/m? is within the ideal range.

In cases where weight reduction is indicated, healthcare providers should collaborate with
dietitians to develop individualized strategies. At present, there is insufficient high-quality
evidence to support a specific dietary intervention for sustained weight loss in this
population. However, a pilot study has identified daily caloric restriction as a promising
approach. Consequently, KDIGO recommend a balanced, low-calorie diet emphasizing healthy
food choices to support weight management in individuals with ADPKD.

10
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Table 1: Dietary pattern that may influence outcome in patients with ADPKD!%18-23
Lifestyle strategy Mechanism Metabolic Kidney Outcome Evidence
Benefits
Daily Caloric Daily restriction of Inhibition of | weight | Cystic index Mice model
Restriction energy intake mTORCI1 signalling | | BP | kidney weight Preclinical trial
and AMPK 1 insulin sensitivity Pilot clinical trial
activation
Intermittent Restricting calories Inhibition of | BP & HR <> Cystic index Mice Model
Fasting (by 80%) for 1-3 mTORCI signalling | 1 insulin sensitivity preclinical trial
nonconsecutive days [ and AMPK | weight Pilot clinical trial
per week activation
| Cystic index/ kidney
weight
Time- Limit caloric intake to | Reduction in mTOR | 1 insulin sensitivity <> Cystic index Mice model
Restricted a narrow feeding and STAT3 | weight preclinical trial
Eating window of 8-10 hours | signaling
each day | Cystic index/ kidney
weight
Ketogenic Diet | High Fat (55-65% State of ketosis | weight | Cystic index/ kidney Mice Model
dietary leading to mTOR | BP weight Preclinical trials
macronutrient), inhibition and Prospective
adequate protein, very | AMPK activation interventional short
low carbohydrate (5- term clinical trial
10%) diet RCTs

11
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Table 2: Other nutrition or lifestyle components

18-24

or < 1 standard drink for female

morbidity
Increased risk for SAH

Recommended Intake Kidney Outcome Evidence
Protein Moderate intake of 0.8-1.0g/kg/day EGFR < Epidemiological (MDRD study)
Soy (plant based) better than casein < PKD severity Mice model
(animal based) | Cystic Index Mice model
Avoid high protein intake > 1 Cyst growth
1.3g/kg/day 1 hyperfiltration
Caffeine <400mg/d (approximately 4 cups of Differing results in cells, mice vs human | Inconclusive
coffee per 250ml cup) epidemiogical studies
- Mild to moderate intake - Animal model showed increased
associated with metabolic and in cyst growth
cardiovascular benefit - No effect on ADPKD patient
when caffeine restricted
Tobacco Smoking cessation is advised Accelerate progression of ADPKD Animal model and preclinical trial,
post hoc analysis of CRISP
Alcohol Maximum < 2 standard drink for male | Associated increased mortality and Systematic review

12
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Case 2: ADPKD Pharmacological Management

Mr. PKD is a 40-year-old Chinese male who was referred by the urologist for possible
polycystic kidney disease (PKD) noted on computed tomography (CT) intravenous
pyelography. This was done to evaluate his complaints of gross hematuria, which had
occurred twice over the past 6 months. He also had mild right sided flank pain which was
constant and dull, but he attributed this to his job which involved carrying heavy loads. He
has otherwise no history of urinary tract infection, and no cardiac or neurological
symptoms. Past medical history include hypertension diagnosed 8 years ago on telmisartan
40mg OM. Family history is significant for PKD in his mother and eldest brother, aged 74
and 46 respectively, with the former on chronic dialysis since 52 years old. He has 1 other
elder brother, aged 43, who is otherwise well. He is also married with 1 daughter, aged 15,
who has not been screened for PKD before. He works as a storeman, does not smoke and
consumes alcohol infrequently.

d. 78yo 74yo, ESKD
AMI . since 52yo

# 40yo
(Proband)

46yo 43yo

15yo

Figure 1: Pedigree Chart of Mr. PKD

On examination, blood pressure (standardized office) was 134/70 mmHg. BMI 32 kg/m?
(Height 1.7m, Weight 92.5kg). Main pertinent finding was bilateral ballotable kidneys
which were non tender. He had dual heart sounds with no audible murmur or click. Brief
neurological examination was unremarkable.

Relevant investigations were as follows:

Investigation Result Reference Range
Hemoglobin (g/dL) 14.2 13.0-17.0

Sodium (mmol/L) 138 135-145

Potassium (mmol/L) 4.2 3.5-5.3

Bicarbonate (mmol/L) 22 19-31

Creatinine (umol/L) 134 65-125

eGFR (CKD-EPI 2021) 59 mL/min/1.73 m?

Urine Microscopy (cells/hpf) | RBC 0 WBC 0 EC 0 RBC 0-3, WBC 0-6
Urine Albumin:Creatinine 6 <3.5

Ratio (mg/mmol)
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Ultrasound showed that both kidneys were enlarged with innumerable cysts. Right kidney
20.7 cm, left kidney 18 cm. There were bilateral non-obstructive renal calculi and no
obvious hydronephrosis.

Figure 2: Ultrasound showing enlarged kidney with innumerable cysts

Total kidney volume (TKV) was 1759.2 mL on Magnetic Resonance Imaging (MRI)
calculated using the ellipsoid formula. After adjusting for height, this was 1034.8 mL/m,
which places him under 1D based on the Mayo Imaging Classification (MIC). Multiple
liver cysts were noted as well.

Figure 3: MRI showing multiple cysts in kidneys and liver
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Figure 4: Mayo Imaging Classification (MIC) for ADPKD. ‘X’ denotes Mr. PKD’s class

Genetic testing was not done due to cost concerns.

Q1: What is the diagnosis?

Diagnosis of Autosomal Dominant Polycystic Kidney Disease and Polycystic Liver Disease
(ADPKD + PLD) was made based on him having >2 cysts in each kidney with a positive family
history.

Positive family history _

Ultrasound-based PPV CT/MRI based PPV

% %
Age 15-29 2 3 cysts (total) 97.3 > 10 cysts (total) 100
Age 30-39 = 3 cysts (total) 94.7 > 10 cysts (total) 100

Age 40-59 = 2 cysts in each kidney 100 Not determined
Age >60 =4 cystsin each kidney 100 Not determined

Negative family history _

Any age = 10 cysts in each kidney =~ NA Not determined
(bilateral kidney
enlargement)

Table 1: Imaging diagnostic criteria of ADPKD (PKD1/PKD2)!
*PPV: Positive Predictive Value
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Q2: How should we risk stratify him?

Patients with typical ADPKD and eGFR >25 mL/min/1.73m? should be assessed for risk of
rapid disease progression, as indicated by either MIC 1C to 1E or historical rate of eGFR
decline >3 mL/min/1.73m? per year, as this has prognostic and therapeutic implications. Total
kidney volume (TKV) can be measured and calculated via MRI or CT scan, ideally using an
automated or semi-automated tool. Stereology (TKVs) or the ellipsoid equation (TKVe) are
alternative methods for estimation (ADPKD Classification). This is then divided by height to
obtain the height adjusted TKV (HtTKV), which along with age, can be used to determine the
MIC class.? Ultrasound-based TKV and kidney-length measurements also have prognostic
value but are less precise than MRI or CT.>?

PROPKD score >6 may provide additional evidence for risk of rapid progression in ADPKD
when the historical rate of eGFR decline or MIC is indeterminate, but this requires genetic
testing. Truncating PKD1 mutation confers the highest risk of progression, followed by non-
truncating PKD1 and lastly, PKD2 mutation.*

Variable | Points

1

hypertension before 35 years of age 2
first urologic event® before 35 years of age 2
mutation

PKDZmutation

nontruncating PKDI mutation 2

Struncating PKDI mutation

PROPKD Score= SUM

Table 2: ProPKD Calculator®

This patient did not have adequate retrospective eGFR trend, but his MIC 1D status renders
him at high risk of rapid disease progression.

18


https://www.mayo.edu/research/documents/pkd-center-adpkd-classification/doc-20094754

MY-SG ADPKD Practical Guide

Q3: What are the screening tests required for extra-renal manifestations?

1. Intracranial aneurysm (ICA)

a. Indicated in patients with a personal history of subarachnoid haemorrhage (SAH)
or a positive family history of ICA, SAH, or unexplained sudden death. Other
potential indications include pre-transplant kidney recipient evaluation, pre-
conception and high-risk occupations, e.g. pilot.

b. Ifinitial screening is negative, timing of rescreening should be individualized,
possibly every 5—10 years, based on risk factors, age, and life expectancy.

c. Imaging modality of choice — MR angiography non-contrast

2. Extracranial aneurysm
a. Indicated in patients with a family history of aortic root or thoracic aortic
aneurysms.
b. Imaging modality of choice — Transthoracic echocardiography (TTE) for aortic
root, CT or MRI for thoracic aortic aneurysms

3. Valvular dysfunction
a. Indicated in patients who have a heart murmur, signs and symptoms of cardiac
dysfunction or family history of non-ischemic cardiomyopathy.
b. Imaging modality of choice — TTE

This patient did not fulfil any of the criteria for screening hence further tests were not performed.
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Q4: How should we manage the patient?

1. Blood pressure (BP)

This patient has no ADPKD-specific BP target for his current age and eGFR. Hence, his target
should follow that of non-diabetic CKD as per KDIGO, i.e. standardized office BP <120 mmHg
systolic.” His telmisartan dose should be increased to achieve this.

2. Non-pharmacological measures

a)

Diet

Na <2g/d or <90mmol/d (or <5g NaCl/d)

Protein 0.8-1g/kg/d

Calories 25-35 kcal/kg/d

Fat <30% of daily energy intake

Fibre 25-38g/d (14g per 1000 calories)

Hydration >21./day — aim morning urine osmolality <280mOsm/kg

Individualized in patients with clinical contraindication to high fluid intake, e.g.
concomitant heart failure or advanced CKD

Lifestyle

Exercise

Smoking cessation

Limit alcohol intake to <1 drink per day if female and <2 drinks per day if male

Maintain healthy BMI 20-25 kg/m?

o Body weight used for BMI calculation should be adjusted for total kidney and liver
volumes as follows:

*Adjusted body weight = Measured body weight (kg) — TKV (in kg) - TLV (in kg)
+ weight of normal kidneys (kg)* and liver (kg)*

*Reasonable approximation for total kidney weight is 0.27 kg for men and 0.23 kg for women, for
liver, a reasonable approximation is 1.6 kg for men and 1.3 kg for women

For this patient, we unfortunately could not measure his TLV on MRI. Accounting for TKV
alone, his adjusted body weight would be 91kg. His adjusted BMI would then be 31.5 kg/m?,
which is still way above ideal hence he needs to lose weight, in addition to all the above non-
pharmacological measures.
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QS: Does Mr. PKD qualify for Tolvaptan therapy based on KDIGO 2025 criteria?

Yes. Mr PKD is 50 years old, has Mayo Imaging Classification (MIC) 1D with a total kidney
volume (TKV) of 1034.8 mL/m, and an eGFR of 59 ml/min/1.73 m?. This fulfils the KDIGO
2025 criteria for rapidly progressive ADPKD.? He has no contraindications to Tolvaptan.

a) What are the eligibility criteria for initiating Tolvaptan?

Tolvaptan is indicated for the treatment of rapidly progressive ADPKD in adult patients who
meet the following criteria based on KDIGO 2025 PKD guidelines.>*

e Adults (< 55 years old*) with ADPKD who have an estimated glomerular filtration rate
(eGFR) of >25 ml/min/1.73m?.
AND
e They are at risk for rapid disease progression*, indicated by either:
v Mayo Image Classification (MIC) subclass 1C~ to 1E, or
v Historical rate of eGFR decline >3 ml/min/1.73m? per year.

# Tolvaptan may be considered in borderline cases (e.g. MIC 1B/1C or >55 years old patients) only after shared
decision-making

* Rapid disease progression is defined specifically as having reached or being expected to reach kidney failure
due to ADPKD before approximately 60 years of age

~ People with MIC 1C may not have rapid disease progression. Clinical judgment and evaluation should be made
on a case-by-case basis to assess the risk for rapid disease progression (e.g., evidence of eGFR decline or
PROPKD score >6, family history with onset of KRT at <60 years old in >2 first-line family members, or novel
markers)

b) What are the absolute and relative contraindications to Tolvaptan?

Absolute contraindication:’
e Planning pregnancy, pregnancy, or breastfeeding
Medical conditions associated with or at high risk of volume depletion
Inability to respond to or perceive thirst
Uncorrected baseline hypernatremia
Urinary tract obstruction
Strong CYP3A inhibitors
Antifungals: Ketoconazole, Itraconazole, Voriconazole
Antibiotics: Clarithromycin, Telithromycin
Antivirals: Ritonavir, Indinavir, Nelfinavir
Others: Grapefruit juice
e Significant liver disease unless due to PLD

Relative contraindication:®
e eGFR at initiation <25 ml/min/1.73m?
e History of gout or hyperuricemia
o Moderate CYP3A inhibitors, P-gp inhibitors, grapefruit and Seville orange
consumption
e Urinary incontinence

21



MY-SG ADPKD Practical Guide

¢) What pre-initiation counselling, baseline investigations, and ongoing monitoring are
required for patients being considered for Tolvaptan?

Pre-treatment assessment and counselling®’
Pre-initiation counselling should include the following:
e Benefits of Tolvaptan
o Slows the rate of eGFR decline (30% slower in eGFR reduction)? in
individuals with ADPKD and evidence of rapid progression
o Slows the rate of increase in total kidney volume (TKV) (~ 49%)?
o May reduce acute kidney pain events (including those due to kidney stones
or cyst infections), based on clinical trial observations

e Harms and risks of Tolvaptan
o Agquaretic side effects: polyuria, thirst, nocturia
o Risk of liver injury: requires mandatory regular liver function monitoring
o Potential drug interactions, especially with CYP3A inhibitors
o Cost and long-term treatment burden may be a consideration

e Practical advice to minimize aquaretic symptoms:
o Maintain high fluid intake; drink before thirst
o Avoid sugary, salty, or caffeinated drinks
o Reducing dietary sodium and protein intake may help reduce urine output

e Sick day advice:
o Temporarily stop Tolvaptan during illness that causes volume depletion
(e.g., vomiting, diarrhea, fever, or limited water access)
o Restart only after recovery and clinical reassessment
Baseline assessment*’
e KDIGO recommends the following baseline assessments before initiating
Tolvaptan:
o Liver function tests (LFTs)
o Renal function (e.g., serum creatinine, eGFR)
o Serum electrolytes (e.g., sodium)

Monitoring protocols*’
e Mandatory liver function monitoring
e Monitoring schedule:
o Monthly LFTs for the first 18 months
o Every 3 months thereafter
o If Alanine Aminotransferase (ALT) OR Aspartate Aminotransferase (AST)
levels abnormal but remains below 3 x Upper Limit of Normal (ULN)
= Stop Tolvaptan and investigate possible causes of liver enzyme
elevation
= Repeat LFT within 48-72 hours
= Ifno clear cause is identified and LFTs normalize or stabilise, Tolvaptan
may be restarted at the same or a reduced dose with increased monitoring
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e C(riteria for permanently discontinuation:
o ALT/AST >8x ULN
o ALT/AST >5x ULN for >2 weeks
o ALT/AST >3x ULN either:
= INR>LS5
= Persistent symptoms of hepatic injury
= Bilirubin >2x ULN

e Fluid and Kidney Monitoring

e KDIGO recommends monitoring kidney function (e.g., serum creatinine, eGFR)
and serum sodium, particularly during treatment initiation and dose titration.
However, no specific monitoring frequency is defined; hence, clinical judgment
should guide the timing and intervals.

d) What is the recommended dosing strategy for Tolvaptan?

Initiation dose: 45 mg (morning) / 15 mg (afternoon).>’

Titrate to 60/30 mg, then 90/30 mg (target dose) as tolerated, with >1-week intervals

between titration steps and continue until approaching kidney replacement therapy.

Dose down titration may be considered in cases of intolerance, aquaretic side effects,

or if liver enzymes are elevated but do not meet discontinuation criteria. Clinical

reassessment and closer monitoring should guide any dose adjustments.

The timing and dosing of tolvaptan should be adapted to the person’s daily activities.

o Starting treatment on a weekend or nonworking day may ease the adjustment to
aquaretic symptoms.

o Shift workers should adjust dosing times to align with their wakeful hours.

o Advise patients to take the morning dose upon waking and the second dose
approximately 8 hours later to minimize nocturia.

o Consider reducing the second (PM) dose if nocturia is intolerable despite
adjustments to lifestyle and fluid timing

e) How does Tolvaptan affect reproductive planning, and what should be advised?

Tolvaptan is contraindicated during pregnancy and breastfeeding due to
teratogenicity risk.?

Women of childbearing potential should use effective contraception during
treatment.”

Contraceptive considerations’

Combined hormonal contraceptives (CHCs) are not recommended for women with
polycystic liver disease (PLD) due to the risk of hepatic cyst growth.

Safer alternatives include:

o Barrier methods

o Progestin-only options (IUD, implant, injection)

o Copper IUDs
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Q6: When discussing family planning in ADPKD, what options and considerations should
be presented to patients?

Autosomal Dominant Polycystic Kidney Disease (ADPKD) is a genetic disorder characterized
by progressive cyst formation in the kidneys, often leading to chronic kidney disease (CKD)
and end-stage renal disease (ESRD). Proper family planning, preconception counselling, and
pregnancy management are essential to optimizing maternal and foetal outcomes.

e Genetic counselling?

o

(@]

o

Genetic counselling should be offered to all individuals with ADPKD who
are considering parenthood.

Patients should be informed that ADPKD is inherited in an autosomal
dominant pattern, with a 50% chance of transmission to offspring.
Molecular genetic testing may be helpful to confirm the diagnosis, identify
the pathogenic variant (PKD1 or PKD?2), and guide reproductive decisions.

e Preconception and pregnancy counselling®

o

(@]

eGFR <45 ml/min/1.73 m? or significant hypertension in women increases
pregnancy risk and should prompt specialist input.
Women with ADPKD should receive individualized preconception
counselling that includes
e Discussion of maternal risks such as worsening kidney function,
hypertension, and preeclampsia.
e Consideration of fetal risks including preterm birth or low birth
weight.
e Planning for multidisciplinary care in high-risk pregnancies.

e Reproductive options:?

o

o

Natural conception, with or without prior genetic testing or risk assessment.
This confers a 50% chance of ADPKD variant transmission to offspring.
Prenatal diagnosis of autosomal dominant polycystic kidney disease
(ADPKD) can be performed using chorionic villus sampling (CVS) or
amniocentesis. If ADPKD is detected and termination of pregnancy is
legally permitted, patients may choose to proceed with termination.
Alternatively, some patients may choose to continue with the pregnancy.
Preimplantation genetic testing (PGT) in combination with in vitro
fertilization (IVF), allowing embryo selection to avoid transmission of
ADPKD. Preimplantation genetic testing is governed by national
regulations and, in Singapore, may only be conducted at MOH-approved
Assisted Reproduction Centres.

Gamete donation (egg or sperm) from an unaffected donor to eliminate
transmission risk.

Adoption as a family-building option.
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Appendix

Pre-initiation counselling, baseline investigations,
and ongoing monitoring required for Tolvaptan
BENEFITS OF TOLVAPTAN

e Slows the rate of eGFR decline (~1.0 mL/min/1.73 m? per year) in individuals with
ADPKD and evidence of rapid progression!

e Slows the rate of increase in total kidney volume (TKV) (~49%)

e May reduce acute kidney pain events (including those due to kidney stones or cyst
infections), based on clinical trial observations

RISKS AND SIDE EFFECTS

e Aquaretic side effects; polyuria, thirst, nocturia

e Risk of liver injury; requires mandatory regular liver function monitoring

e Potential drug interactions, especially with CYP3A inhibitors

e Cost and long-term treatment burden may be a consideration

BASELINE INVESTIGATIONS

e Liver function tests (LFTs)

e Renal function (e.g., serum creatinine, eGFR)

e Serum electrolytes (e.g., sodium)

e Maintain high fluid intake; drink before thirst

e Avoid sugary, salty, or caffeinated drinks

e Reduce dietary sodium and protein intake

e Stop Tolvaptan temporarily during illness that causes volume depletion (e.g., vomiting,
diarrhoea, fever, or limited water access); restart after recovery and clinical reassessment
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Case 3: Atypical Cystic Kidney Disease

Case history
Ms CT was diagnosed with “polycystic kidney disease (PKD)” at the age of 20 after an

episode of pyelonephritis. Initial renal imaging found numerous bilateral renal cysts with
normal kidney sizes. Annual follow-up with ultrasonography and CT scans demonstrated
gradual cyst progression.

At age 48, her serum creatinine was first noted to be elevated (134 umol/L), remaining
stable for approximately five years. From age 52 onwards, her estimated glomerular
filtration rate (eGFR) declined by approximately 3 mL/min/1.73 m? annually, accompanied
by Grade 2 albuminuria.

She subsequently developed hypertension, hypercholesterolaemia, and impaired fasting
glucose; for which losartan and atorvastatin were initiated and hyperglycaemia managed
with diet control. There was no history of recurrent headaches, intracranial haemorrhage,
gout or cardiac disease.

Ms CT’s parents were non-consanguineous and not known to have chronic kidney disease
(CKD), both passing away in their 80’s. Her older sister developed end-stage kidney disease
from PKD, and was initiated on haemodialysis in her forties before she underwent a kidney
transplant from an unrelated donor. There was no family history of cardiovascular disease
or intracranial haemorrhage. She works in marketing for a fund management firm and does
not participate in any high-risk sports or recreational activities.

Physical Examination

Ms CT was referred to a tertiary hospital at the age of 57 years to have her suitability for
tolvaptan evaluated. By then, her CKD was at stage 3B with eGFR of 30 mL/min/1.73m?
and urine albumin to creatinine ratio of 8.6 mg/mmoL while on losartan 100 mg daily. On
examination, her blood pressure was 103/60 mmHg and she was euvolaemic. Heart sounds
were normal. Both kidneys were not ballotable on palpation. She did not have any
suspicious skin lesions.

Investigations & Management

Magnetic resonance imaging (MRI) was performed to determine total kidney volume and
to evaluate her disease prognosis.! Numerous cysts were noted in both her kidneys and liver.
e Right kidney length: 9.6cm. Left kidney length: 11.2cm

e Right kidney volume: 175cc, left kidney volume: 203cc

e Height adjusted total kidney volume (TKV) was 244mL/m (Ms CT’s height = 1.55m)

This puts her at Mayo Classification 1A, suggestive of low risk of rapid disease
progression.” Based on current treatment guidelines, tolvaptan was not indicated.’

She was advised to continue losartan with a target systolic BP < 120 mmHg, as per HALT-
PKD and HALT CKD trials.** Additionally, sodium restriction and increased free water
intake was recommended in order to achieve a urine osmolality of <280mOsm/kg, reducing
endogenous vasopressin secretion.’
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Q1: What clinical features raise the suspicion that this is not a typical polycystic kidney
disease (PKD)?

The lack of parental history of cystic kidney disease was surprising. Moreover, her eGFR
decline was slower than is usually seen in autosomal dominant polycystic kidney disease
(ADPKD). Median age of onset of ESKD is around 58 years old for PKDI-disease’, however
Ms CT was still at CKD stage 4 at this age. The average length of her kidneys was less than
14.5cm on MRI whereas we would expect a patient with CKD 3B from ADPKD to have a
kidney length of at least 16.5cm measured from ultrasound.®

Q2: What are the differential diagnoses to be considered in a patient with suspected cystic
kidney disease?

The table below summarises several possible clinical scenarios seen in other cystic kidney
diseases that may be mistaken for ADPKD.’

Differentiating signs or

Diagnosis
symptoms

Differentiating tests

e Kidney size is wusually
small, unlike the -cystic
nephromegaly of ADPKD;

* Medical history rarely there may have some

Acquired cystic disease « Pre-existing CKD

nephromegaly
o Frequent haemorrhagic
cysts

» Diagnosis based on

¢ Common in adults. Its ultrasound: absence of

Simple cysts

incidence increases with age.
Uncommon in those under 40
years of age

o No family history and does
not meet Pei’s criteria

o They are rarely complicated

internal echoes, well-
defined wall, acoustic
enhancement, spherical or
ovoid shape

e Lesions classified based on
the Bosniak 2019
classification'”

Tuberous sclerosis

o Facial angiofibromas,
hypomelanic spots, nail
fibromas, rough plaques,
cortical tubers, subependymal
nodules, giant astrocytomas,
pulmonary
lymphangioleiomyomatosis,
cardiac rhabdomyomas, renal
angiomyolipomas

e Mutational analysis of
TSCI and TSC2 genes

e More frequent
angiomyolipomas than
cysts. More frequent
in 7SC2 than in TSC1

e TSC2/PKDI contiguous
gene syndrome: early-
onset ADPKD and features
of sclerosis due to a
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Diagnosis

Differentiating signs or
symptoms

Differentiating tests

contiguous deletion
involving both genes

Von Hippel-Lindau
syndrome

e Renal carcinoma, retinal or
central nervous system
hemangioblastoma,
pheochromocytomas,
pancreatic cysts, and
epididymal cystadenomas

e VHL gene mutational
analysis

Disease due to
mutations in the HNF1B
gene

o Type 2 DM, renal cysts, renal
hypoplasia, renal agenesia,
hyperechoic kidneys, genital
abnormalities,
hypomagnesemia

e HNFIB gene mutational
analysis

Autosomal dominant
tubulointerstitial
nephropathy related to
UMOD/MUCI genes

e Tubulointerstitial
nephropathy, frequent gout or
hyperuricemia, sometimes
cysts at the corticomedullary
junction

o MRI may show cysts at the
corticomedullary junction

o Mutational analysis of the
UMOD and MUCI gene

Autosomal dominant
tubulointerstitial
nephropathy due to
mutations in the REN
gene

o CKD, hypotension, cysts,
hyperuricemia, hyperkalemia

o Mutational analysis of
the REN gene

Orofaciodigital
syndrome type 1

e Only affects women. Lethal in
males

o Radiological pattern similar to
ADPKD, but less increase in
renal volume in 70% of adult
female patients

o Mutational analysis of
the OFDI gene

Renal spongiosis or
precaliciliary renal
ectasia or Cacchi-Ricci
disease

o Absence of family history or
autosomal dominant

o Radiated image for urography

o Frequent stones

e Dilation of collecting ducts at
the level of the pyramids

o IVU

Autosomal recessive
polycystic kidney
disease

o Neonatal-childhood diagnosis
usually

o Always liver fibrosis more or
less symptomatic

e In adults, renal insufficiency
with cystic kidneys of normal
size or minimally enlarged

e PKHDI gene mutational
analysis
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Diagnosis

Differentiating signs or
symptoms

Differentiating tests

COL4A]I-related
disorders including
Hereditary angiopathy
with nephropathy,
aneurysms and muscle
cramps (HANAC
syndrome) and
Autosomal dominant
brain small-vessel
disease with
hemorrhage

e Renal cysts, hematuria, CKD,

muscle cramps, intracranial
aneurysms, cataracts, retinal
tortuosities

e Mutational analysis in
the COL4A1 gene

Autosomal dominant
polycystic liver disease

o« ADPKD ESRD PQH

o Mutational analysis
of PRKCSH, SEC63, LRPS5
ADPLD-GANAB, ALGS
and SEC61B
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Q3: What are the common imaging modalities used in the diagnosis of ADPKD and what
are their shortcomings in atypical cases?

Ultrasound imaging of the abdomen remains the first line diagnostic tool for assessing
individuals at risk for ADPKD. It is cost effective, readily available and can help diagnose
ADPKD based on the number and location of kidney cysts. Patients in landmark trials for
ADPKD were diagnosed with the condition based on modified Pei-Ravine criteria'!, a
description of numerical cyst appearance in ultrasound imaging considering the presence of
family history.

Nevertheless, follow-up MRI or contrasted computed tomography scans are often required
when ultrasound findings are inconclusive for diagnosis or further characterization of the
disease is required. They offer a higher resolution with the ability to detect smaller renal cysts
compared to ultrasound abdomen that are common in early stage of ADPKD. For example, the
age-dependent ultrasound diagnostic criteria for ADPKD established by Ravine et al in the
1990s were only applicable for patients with PKDI but had higher false negative results in
patients with PKD?2 as its disease phenotype is milder with slower progression.!!-1?

The Consortium for Radiologic Imaging Studies of PKD (CRISP) was a longitudinal study that
used MRI to measure kidney and cyst volume in ADPKD patients and proved it to be a useful
tool in predicting CKD progression in ADPKD.! It also found ultrasound measurements of total
kidney volume (TKV) to be inferior to MRI measurements as it typically overestimates true
kidney size in later stages of the disease with reduced precision in estimating kidney cyst
burden, hence was subsequently discontinued from the rest of the CRISP follow-up.!® The
CRISP protocol uses stereology to measure renal volume from T1-weighted images and region
growing thresholding to measure cyst volume from T-2 weighted images.' The TKV can then
be calculated using the ellipsoid formula once the length, width and thickness of the renal
parenchyma and cysts are determined. The Mayo Imaging Classification stratifies the risk
progression of ADPKD into five classes (A-E) based on growth rates estimated from the patient
age and theoretical baseline height-adjusted TKV.?

As MRI and contrasted computed tomography scans are increasingly utilized in routine work-
up for ADPKD, another set of diagnostic criterion using MRI was established in patients aged
16-40 years old with a positive family history of ADPKD from the Toronto Radiological
Imaging Study of Polycystic Kidney Disease (TRISP).'? This was a single-centre prospective
study comparing diagnostic performance of high-resolution ultrasound and MRI in patients
younger than 40 years of age and underwent PKD I/PKD2 mutation screening for confirmation.
It showed that a total of more than 10 cysts as test criterion using MRI in this group found a
specificity and sensitivity of 100% for diagnosis.

Even so, such diagnostic criteria for MRI or computed tomography scans are only validated
for patients with the classic phenotype of ADPKD possessing a positive family history and
carrying either PKDI or PKD?2 gene. Relying solely on imaging for diagnosis of ADPKD has
its limitations especially in younger patients without a known family history of PKD. High
sensitivity to detect cysts of <lcm in diameter and often down to Imm can lead to over-
detection of simple renal cysts not related to ADPKD in the first place.!!

MRI evaluation of ADPKD can be confounded when renovascular disease or urinary tract
obstruction is superimposed on ADPKD as they potentially cause marked atrophy of the
ipsilateral renal parenchyma resulting in the appearance of a small cystic kidney instead.'*
Furthermore, atypical cyst distributions such unilateral or segmental involvement has been
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reported in 2-9% of ADPKD.? Thus, atypical features present on clinical evaluation, or non-
classical findings on imaging should prompt a clinician to consider alternate diagnoses and
consider genetic testing for confirmation, as exemplified in the case of Ms CT.

Classification of ADPKD Based on Imaging Characteristics According to the Mayo Clinic
Classification!

Class, subclass, term Description

Typical ADPKD Bilateral and diffuse distribution with mild, moderate or
severe replacement of kidney tissue by cysts, where all cysts
contribute similarly to TKV

Atypical ADPKD

e Unilateral e Diffuse cystic involvement of one kidney causing
marked renal enlargement with a normal contralateral
kidney, defined by a normal kidney volume (<275mL in
men; <244mL in women) and having 0-2 cysts

e Segmental e (Cystic disease involving only one pole of one or both
kidneys and sparing the remaining renal tissue

e Asymmetric e Diffuse cystic involvement of one kidney causing
marked renal enlargement with mild segmental or
minimal diffuse involvement of the contralateral
kidney, defined by a small volume number of cysts (>2
but <10) and volume accounting for <30% of TKV

e Lopsided e Bilateral distribution of renal cysts with mild
replacement of kidney tissue with atypical cysts where
<5 cysts account for >50% TKV (the largest cyst
diameter is used to estimate individual cyst volume)

o Bilateral presentation | e Diffuse cystic involvement of one kidney causing
with acquired moderate to severe renal enlargement with
unilateral atrophy contralateral acquired atrophy

e Bilateral presentation | e Impaired renal function (serum creatinine >1.5mg/dL)
with bilateral kidney without significant enlargement of the kidneys, defined
atrophy by an average length <14.5cm, and replacement of

kidney tissue by cysts with atrophy of the parenchyma

Progress...

By age 59, her eGFR had declined to 27 mL/min/1.73 m?. However, repeat MRI showed
only minimal changes in height-adjusted TKV (234 mL/m; right: 146 cc, left: 217 cc). This
radiological stability, despite biochemical progression, was notable.
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Q4: When should genetic testing be considered in patients with cystic kidney disease?

The Spanish Work Group on Inherited Kidney Diseases and KDIGO Clinical Practice
Guideline have published a consensus on indications for genetic testing in ADPKD’:

e Limited number of cysts (genetic testing may reveal minor gene or hypomorphic allele)

e Variable disease severity in family (mosaicism or biallelic/digenic disease)

e Atypical imaging features (e.g. markedly asymmetric PKD, renal failure without

significant nephromegaly)

e Discordance between structural (MIC) and functional (GFR) ADPKD severity (genetic
testing may reveal an atypical form of the disease or additional genetic or contributory
factors but non genetic factors may also be important)

Negative family history of ADPKD (denovo mutation may be present)

Very early onset ADPKD (biallelic disease may be found)

Potential living transplant donors who are related to patients

Family planning, pre-implant genetic testing

Early or urological symptoms of the disease before the age of 35 years (presence of a
mutation in PKD/ would allow the application of the PROPKD score for the risk of
rapid progression)

Progress...

Results of Ms CT’s Genetic Test

Clinical-grade cystic kidney gene panel analysis done at a commercial laboratory for Ms
CT did not find variants of PKD1/PKD?2 gene but detected that Ms CT was heterozygous
for 2 variants on PKHDI: PKHDI(NM 138694.4):c.6788T>A,p.(Leu2263%), likely
pathogenic; and PKHDI(NM 138694.4):c.7454T>C,p.(lle2485Thr), variant of uncertain
significance. The phase of these variants are unknown.

QS5: What are the implications of detecting PKHDI variants in adults with cystic kidney
disease?

Biallelic pathogenic variants are known to cause autosomal recessive PKD (ARPKD) that is
usually of poor prognosis with most patients not surviving past infancy or early childhood,
often developing liver fibrosis and pulmonary hypoplasia.'>!® Nevertheless, some variability
has been observed in PKHD 1 where missense hypomorphic variants have been shown to have
a milder phenotype and later onset of disease as in the case of Ms CT.!” We do not have
genomic data on Ms CT’s parents who have passed away. Whole genome sequencing and
optical genome mapping done for Ms CT have not found alternative causes for her clinical
presentation. She has declined other tests (such as long read sequencing) to phase the variants
for now and her children remain undecided on whether to undergo genetic testing as they are
living overseas.

PKHDI(NM_138694.4):c.6788T>A,p.(Leu2263*) is a null variant predicted to result in

nonsense mediated decay and loss of function, not observed in population databases (gnomAD)
and previously observed in another laboratory.'®
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The PKHD1(NM 138694.4):¢c.7454T>C,p. (I11e2485Thr) variant is a missense variant absent
in population databases (gnomAD), not previously observed in affected individuals, predicted
deleterious by in silico tools (REVEL 0.784, pathogenic supporting, BayesDel noAF 0.2555,
pathogenic supporting), occurring at a highly conserved site. It is thought that this variant could
be a missense hypomorphic variant potentially contributory to disease though currently there
is insufficient data to confirm pathogenicity.

The phase of these 2 variants are not known. Identifying whether the variants are in cis or trans
would allow us to understand better their contribution to the patient phenotype. If these are in
trans they would be congruent with a likely diagnosis of atypical recessive PKHD1 polycystic
kidney disease. If these are in cis, then this individual is simply a heterozygous carrier for a
recessive condition. Identifying whether the genetic variants are in cis or trans phasing could
be achieved by segregating the findings to family members or by advanced genomic techniques
such as long read sequencing.
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Progress...

The phase of these two PKHD1 variants is yet to be known for Ms CT. Ms CT’s family
history could be consistent with ARPKD as both she and her sister had PKD whilst parents
were apparently unaffected. Ideally, segregation of the variants to her affected sister,
parental testing or long read sequencing to evaluate the phase and inheritance of the variants
should be performed, and whole exome sequence (WES)/whole genome sequence (WGS)
testing to exclude the possibility of other variants not detected on panel analysis
contributing to her phenotype.

Nonetheless, due to the nature of Ms CT’s phenotype and variant information, we think that
atypical ARPKD due to the coinheritance of a null variant and a hypomorphic variant in
PKHD] is a plausible cause of Ms CT’s condition.

As PKD1/PKD?2 variants were not detected and Ms CT’s clinical phenotype is incongruent
of classical ADPKD; given the lack of evidence for use in ARPKD, tolvaptan was not
recommended.

Unfortunately, literature on the prognosis and management of adult ARPKD patients remains
scarce. Patients who survive the perinatal period tend to express diverse disease phenotypes
with more than 500 different pathogenic mutations with the PKHD1 gene identified so far in
the Human Gene Mutation Database.!”

A cross-sectional analysis of 45 patients with ARPKD across multiple centres in Europe at a
mean age of 21.4 (£3.3) years was reported.!” Most of the patients were hypertensive and renal
function remained within CKD Stages 1-3 in more than 50% did of the patients; fourteen (31%)
patients had undergone kidney transplantation, and six patients (13%) had undergone liver
transplantation or combined liver and kidney transplantation prior to the study visit indicating
a wide variability of clinical courses.

Hepatobiliary complications tend to predominate with hepatomegaly, cholangitis,
complications from portal hypertension (splenomegaly, thrombocytopenia, variceal bleeding)
frequently observed. A previous smaller study of 15 patients with ARPKD diagnosed between
day 1 and 13 years of age had similar findings.?® After a mean follow-up period of 2449 years,
15/16 patients (94%) were alive at a mean age of 27 (18-55) years. Before age 18, nine patients
(56%) were hypertensive, nine (56%) had renal failure, and four (25%) had portal hypertension.
One patient died due to gastrointestinal bleeding with cholangiocarcinoma.

Currently there is no curative treatment for ARPKD and management consist of only
supportive therapy. Although Ms CT did not demonstrate any clinical signs of hepatic fibrosis
or portal hypertension, she has been referred to our hepatology team for longitudinal
monitoring of her liver function and surveillance for cholangiocarcinoma.
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Q6: How is genetic testing done for patients with suspected cystic kidney disease?

ADPKD genetic analysis is typically done via sequence analysis from blood sample of an
affected individual utilizing next generation sequencing of a panel of genes related to cystic
kidney diseases, minimally including entire coding regions of both PKD1 and PKD?2 including
intron/exon boundaries?""* to identify pathogenic or likely pathogenic genetic variants that
could contribute to disease.

Special considerations are required for PKD/ as it is a large gene, has high homology with six
pseudogenes that are >97% homologous in sequence to the genuine PKD/ gene and high GC
content, making it difficult to accurately identify variants using standard sequencing methods.?*
This can be circumvented by various measures including long range polymerase chain reaction
(PCR), sanger sequencing, targeted next-generation sequencing using probes specific to coding
regions of cystic-related genes, whole genome sequencing with coding-based analysis or long
read  sequencing.’*?®  Variants that disrupt the protein-coding  sequence
in PKD1 or PKD?2 account for most of ADPKD cases and are reported with complete disease
penetrance.” Missense PKDI or PKD2 variants resulting in an amino acid substitution have
also been associated with ADPKD but may display incomplete and variable penetrance.*

Cystic kidney disease also has significant genetic heterogeneity. Whilst PKD1 and PKD?2 are
most frequently identified in most cystic kidney cohorts, other genes such as HNFIB, ALGS,
ALGY, DNAJBI11, GANAB, and PHKD1 have also been identified in patients less frequently in
patients originally thought to have ADPKD, as in Ms CT’s case.’!

It has become increasingly cost effective to analyse many genes concurrently; thus, single-gene
analysis is no longer encouraged, and gene panel analysis is usually the first test
considered. Whole-exome sequencing (WES) or whole-genome sequencing (WGS) may also
be considered. WES has a broader coverage of more genes, where cystic kidney genes not
included in a gene panel may be evaluated for their contribution to the phenotype. WGS covers
both intronic and exonic regions and can evaluate for deep intronic splice variants in PKD/
and PKD2 which have now been shown to cause ADPKD but are typically not evaluated in a
panel or WES.?

The yield of genetic analysis in ADPKD patients depends on the specificity of the phenotype,
coverage of the test sent, and whether or not there is a family history of ADPKD but has
generally been high.*! Reports of diagnostic yield in ADPKD have varied between 52% and
76.6%.313 Patients suspected of having ADPKD should be encouraged to consider genetic
testing for diagnostic closure, prognostication, treatment planning and family planning.
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Q7: How should the clinician approach management and counselling patients with
atypical or genetically unresolved cystic kidney disease?

Genetic testing may be inconclusive or undiagnostic for some patients. This may be due to
several factors:

1) Technical limitations of the analysis done, e.g. if the causal gene was not included on
the gene panel selected, location of the variant (e.g. gene panel or WES may miss
certain copy number variants, deep intronic splice variants, promotor variants or
structural variants) or that the variant was not observed due to technical limitations.

2) Digenic, polygenic or multifactorial causes of cystic kidney disease for which current
testing standards may not evaluate well.

3) Limitations of knowledge e.g. the causal variant is currently a variant of uncertain
significance for which current data available is unable to clarify the finding, or that the
causal gene is not yet established to be causal of cystic kidney disease.

4) Non-genetic causes of cystic kidney disease.

The clinician will need to address possible reasons for an undiagnostic genetic test with the
patient and discuss the possibility of further genetic testing at present to evaluate the negative
genetic space, or to consider pursuing this in the future when more knowledge is accrued or
more advanced genomic analysis techniques are available.

When genetic testing is inconclusive, tolvaptan is not recommended due to lack of evidence.
Tolvaptan, a selective vasopressin V2-receptor antagonist has demonstrated slowing of GFR
decline in patients with ADPKD in both the TEMPO 3:4 and REPRISE trials.>*** However,
there is no clinical trial evidence supporting its use outside ADPKD. To our knowledge, there
are also no case reports on benefit in patients with other cystic kidney diseases. In addition,
there is still ongoing debate on the cost-effectiveness of tolvaptan, and several adverse effects
have been described, including severe polydipsia, polyuria leading to social difficulties,
hyperuricaemia and transaminitis with its use.***>3¢ Precautionary measures such as frequent
monitoring of electrolytes, uric acid and liver function tests have been mandated while patients
are on tolvaptan®*. Even in cases of ADPKD, long-term benefits and further potential side
effects of tolvaptan remain uncertain, with the best evidence coming from TEMPO 4:4°7, an
extension of the TEMPO 3:4 trial** providing additional follow-up data of only 2 years. Taking
these into consideration, it is crucial to avoid tolvaptan if the diagnosis of ADPKD is not firmly
established and this is where the use of genetic testing comes in.

Psychosocial factors need to be considered when genetic testing returns inconclusive. This
includes anxiety for future, anger, guilt and fear of vertical transmission with family planning
considerations. Patients without a molecular diagnosis also will not be eligible for cascade
testing to screen at risk family members, risk of affected offspring is unclear due to the lack of
a molecular diagnosis, and they would also not be eligible for prenatal testing or pre-
implantation genetic testing. Patients should receive genetic care at specialist genetics clinics
to access appropriate pre and post-test genetic counselling. They can be referred to dedicated
support groups to provide a safe space for them to connect and interact with others who
understand the impact of condition and advise them with practical coping mechanisms. If
available, these patients should also be included in appropriate research studies on cystic
kidney disease.
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Case 4: Childhood Onset ADPKD

AG is an Indian boy who presented antenatally at 31 weeks of gestation with bilateral large
echogenic kidneys (Figure 1) and borderline oligohydramnios (low amniotic fluid index
(AFI) of 6.5). The antenatal course until this presentation had been unremarkable. At 36+3
weeks of gestation, the scan showed that both kidneys remained enlarged (right kidney
length 52x25mm, left kidney length 46x30mm) with slightly hyperechoic parenchyma. The
pregnancy was otherwise unremarkable. There were no other fetal anomalies noted on the
routine tests.

Figure 1: Antenatal ultrasound scan at 31 weeks of gestation showing bilateral large and mildly hyperechoic
kidneys. The right kidney length was 52 mm and the left kidney length (right panel) was 46mm.

He is the first child of a non-consanguineous couple. This was a natural conception and the
couple had no previous miscarriages. There was no family history of kidney disease or early
onset hypertension in the family. Specifically, both parents had been healthy and their prior
urine and blood pressure screening had been normal. There had not been any abdominal or
kidney ultrasound scans performed on both parents before.

His parents were counselled at the fetal kidney clinic.
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Q1: How do we approach a case of suspected kidney disease in an unborn child?

The presence of increased echogenicity of the kidneys is a non-specific feature and suggests
parenchymal abnormalities which can include infiltration of inflammatory cells, scarring or
fluid. While larger cysts near to 1cm in size can appear hypoechoic, many smaller cysts in the
kidney reflect the sonographic waves and hence appear as increased echogenicity instead. The
detection of large and echogenic kidneys in a fetus raises the suspicion of cystic kidney disease.
The diagnostic and management approach is centered on the following principles:

1. Whether this is a unilateral or bilateral disease:

e Unilateral or highly discrepant severity on both kidneys will suggest congenital
anomalies of the kidneys, rather than monogenic cystic kidney disease. On the other
hand, asymmetrical kidney involvement has been described in monogenic cystic
kidney diseases, although these are rare.

2. Nature of the sonographical anomalies:

e While the top differential diagnosis for bilateral large echogenic kidneys in fetuses
is classically ARPKD, other cystic kidney diseases may be possible. These include
ADPKD, other ciliopathies like Renal cysts and Diabetes (RCAD),
nephronophthisis, Bardet-Biedl syndrome, Joubert syndrome or Meckel-Gruber
syndrome.

e Innewborns with ADPKD, scattered hypoechoic cysts may be seen in the kidneys.
The kidney sizes are typically not big in the fetal period, unlike ARPKD.

3. Presence of extrarenal manifestations;

e C(Ciliopathies will often involve extrarenal manifestations such as skeletal, brain, eye,
liver or cardiac abnormalities. These may not be detected in the antenatal scans.!

e The presence of extrarenal manifestations can suggest the diagnosis and may
determine the overall prognosis of the child. A careful evaluation of the newborn at
birth is warranted. These should be part of the antenatal counselling with the
parents.

4. Presence of family history:

e Most of the ciliopathies are autosomal recessive, while two autosomal dominant
conditions are ADPKD and RCAD.

e A prior affected sibling with unaffected parents may suggest an autosomal recessive
condition. It is possible for RCAD to manifest in the antenatal period, though
uncommon.

e The presence of early-onset gout, diabetes mellitus, hypertension or kidney disease
in the family may point towards the diagnosis of RCAD though de novo mutations
are likely. Undiagnosed disease or variable or age-dependent penetrance may also
make interpretation of family history challenging in autosomal dominant
conditions.

¢ Kidney sonography of the parents may be useful. A diagnosis of ADPKD may be
suspected if either parent has suggestive ultrasound findings. Conversely, the
absence of kidney cysts in a parent 40 years or older can exclude the presence of
ADPKD in that parent.
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5. Severity of oligo or anhydramnios (if any) and the timing at which this was detected:

e Development of the pseudoglandular alveoli occurs in the 6-17 weeks of gestation
while the canalicular development occurs in the 17-24 weeks of gestation.

e If the severe oligohydramnios or anhydramnios occurs prior to 26 weeks of
gestation, the prognosis of the child is severely guarded because of the high risk of
severe pulmonary hypoplasia. There is a risk of stillbirth with early severe
oligohydramnios or anhydramnios.

e [fthis occurs after 26 weeks of gestation, pulmonary hypoplasia may be less severe
and the chance of patient survival after birth increases.

e Perinatal and postnatal management of these babies requires a multidisciplinary
team of obstetricians, neonatologists, nephrologists, geneticists, surgeons, palliative
medicine specialists, specialty nurses and social workers.

Q2. How do we interpret and classify this case of antenatal cystic kidney disease as
childhood-onset ADPKD?

Very-early-onset (VEO)-ADPKD and early-onset (EO)-ADPKD forms of ADPKD are rare
and distinct sub-entities of ADPKD. VEO-ADPKD is ADPKD diagnosed in utero with
hyperechogenic enlarged kidneys (>2 SDs for gestational age) with oligohydramnios, or
between birth and age 18 months with enlarged cystic kidneys (>2 SD for age, sex, height)
with hypertension (BP >95th percentile for age, sex, and height) and/or decreased eGFR.?

ARPKD is more commonly diagnosed prenatally or at birth. ADPKD is a common genetic
disorder affecting 1 in 400 to 1,000 people, while ARPKD is much rarer, affecting 1 in 20,000
to 40,000 individuals.> About 2-5% of ADPKD cases present with early-onset disease in
childhood.* Notwithstanding kidney sizes, this means the likelihood of ADPKD and ARPKD
in a fetus with echogenic kidneys will be about the same. It remains unclear why ADPKD in
some cases can manifest as early onset of disease.
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Q3: What is the role of genetic testing in diagnosing ADPKD in children?

In children with kidney imaging suggestive of monogenic cystic kidney diseases and in the
absence of a positive family history or extrarenal manifestations, genetic testing can be of
particular value to help clarify the diagnosis, prognosis, and potential for comorbid findings.
This will be of relevance to fetuses, newborns and young children with possible VEO-ADPKD
associated with an atypical early onset.

Progress...

The parents opted not to pursue genetic testing antenatally. Dad underwent a kidney scan
and it was normal while Mum declined to undergo kidney ultrasound scan then. The child
was born at full term via normal vaginal delivery. His birth weight was appropriate at about
3kg. He had good Apgar scores.

On examination at birth, the child was not dysmorphic and physical examination was
normal. Particularly, there were no skeletal, cardiac nor neurological deformities that may
suggest ciliopathy. His blood pressure was normal at birth.

The abdominal ultrasound done at day one of life showed that his kidneys were of normal
sizes (right kidney length 4.6cm, left kidney length 5.3cm). There was raised parenchymal
echogenicity in both kidneys though the corticomedullary differentiation were preserved
(Figure). Three subcentimeter cysts were seen in the left kidney. The liver, pancreas and
spleen were normal. There was no hydronephrosis. His serum creatinine was 52 pmol/L at
48hours of life and 35 pmol/L at day 5 of life. There were no electrolyte disturbances.

Postnatally parents consented to genetic testing for AG. Testing for a panel of cystic kidney
genes was performed, and this identified a heterozygous likely pathogenic variant,
c.7546C>T, p.(Arg2516Cys), in PKDI gene. The variant, p.(4rg2516Cys) in PKDI gene
has not been observed in the large reference population cohorts of the Genome Aggregation
Database (gnomAD, n>120,000 exomes and >15,000 genomes). The affected amino acid is
well conserved in mammals and evolutionary more distant species, which suggests that this
position may not tolerate variation. The variant is predicted damaging by most of the in-
silico tools (MutationTaster, REVEL, DANN, etc.). The variant has been reported in
ClinVar with multiple submissions classifying it as Likely Pathogenic/Pathogenic and
described in multiple publications in association with ADPKD.>’ This confirmed the
diagnosis of autosomal dominant polycystic kidney disease (ADPKD) in AG. Exome
sequencing was subsequently performed and this did not reveal additional pathogenic
variants in the same or other genes.

Sanger testing in his mother confirmed the presence of the same pathogenic PKDI1 variant.
The rest of the family declined further screening including cascade genetic testing.

As the onset of ADPKD is typically in adult life, it was uncertain if his early in-utero onset was
due to biallelic or digenic variants. While the trio exome sequencing was negative, we have not
ruled out the possibility of an additional intronic pathogenic variant or a large structural
rearrangement that would not have been detected by short read sequencing.
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In a case report, two families were reported with antenatal onset of ADPKD caused by trans
coinheritance of two hypomorphic PKD1 variants.® Similarly, in a large international pediatric
cohort, spanning a decade, researchers investigated the prevalence of biallelic PKD1 and PKD?2
variants in very early onset polycystic kidney disease. In this study of 30 infants with early-
onset polycystic kidney disease, 21 (70%) had two variants, with 16 confirmed as biallelic.
One infant had biallelic PKD2 variants, and 2 had digenic PKD1/PKD2 variants. Of the 30
cases, 16 were detected prenatally. No family history of ADPKD was found in 13 (43%)
families, and 6 (23%) had confirmed de novo pathogenic variants. The findings reveal a high
prevalence of hypomorphic PKD1 variants and likely biallelic disease in very early onset
polycystic kidney disease patients.’

Intrafamilial variation in the presentation of ADPKD within the same family members carrying
the same germline variant has been observed.!? This variation in expression is suspected to be
due to genetic or multifactorial modifiers.!! The short-read sequencing used for the genetic
testing of our patient, AG did not detect any causative second variant in the PKD1/PKD?2 gene.
His rate of progression (see below) is also not congruent with those observed in digenic or
biallelic PKD1/2 cases. We suspect that other factors like epigenetics, risk alleles or
environmental factors could be responsible for his early presentation.
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Q4: What surveillance and monitoring are recommended for children with confirmed

ADPKD?

The recommended surveillance plan for individuals with ADPKD:!2

System/Concern |Evaluation Frequency
e CT or MRI of abdomen with & S
. Every 1-5 years beginning in
without contrast enhancement adulthood. dependine on disease
e Kidney ultrasound exam (if CT or stage - 4P &
MRI is unavailable) &
Kidney Blood pressure exam to detect Every 3 years beglr}nlng atage 5
. years, in persons with normal
hypertension
blood pressure
. ) ) .. |Every 1-5 years beginning in
Urine studies for microalbuminuria h .
S adulthood, depending on disease
or proteinuria
stage
e Every 2-3 years in 1st-degree
Aortic adult relatives of persons with
. . Echocardiography or chest MRI thoracic aortic dissection
dissection

e Note: If aortic root dilatation is
found, refer to a cardiologist.

Cardiac valvular
abnormalities

No surveillance recommended in
persons w/o signs/symptoms

Intracranial
aneurysms

Consider MRA in those with:

e Family history of intracranial
aneurysms or subarachnoid
haemorrhage

e Previous rupture of aneurysm

e Preparation for elective surgery
with potential hemodynamic
instability

e High-risk occupation (e.g., airline
pilot)

e Significant anxiety despite
adequate risk info

Consider every 10 years beginning
in adulthood.

Kidney cell
carcinoma

No surveillance recommended in
persons without concerning
signs/symptoms

Colon
diverticulosis

No surveillance recommended in
persons without concerning
signs/symptoms

Progress...

AG has been on annual follow up with his pediatric nephrologist. He had exhibited normal
growth and development. His blood pressure had been maintained at 50-75th centile,
without the need for medications.
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At 4 years of age, he did not have albuminuria. His serum electrolytes and eGFR had
remained within normal range. His bilateral kidney cysts had increased in size and number
on ultrasound over time. At 5 years old, the right kidney measured 7.6 cm and the left kidney
measured 8.4 cm. Both kidneys were normal in shape and echogenicity. The largest
clustered/septated cyst measured up to 1.2 cm. The liver and pancreas were normal.

He and his mom were strongly advised to avoid nephrotoxic drugs, especially non-steroidal
anti-inflammatory drugs, and aminoglycoside antibiotics. They were encouraged to keep a
healthy lifestyle by maintaining healthy weight, reducing salt and sugar intake and regularly
exercising. They were advised to avoid severe dehydration and seek medical attention if
unable to maintain oral hydration. Their main challenge seems to be managing the
progression of cysts and addressing the family's concerns/anxiety.

His mother was subsequently found to have large bilateral cysts in kidneys and in her liver.
Her MRI for kidney volume was projected to be of mild severity. She remained non-
hypertensive and normoalbuminuric, and eGFR remained normal.

QS5: Should the siblings undergo genetic or imaging screening?

In children with a definite history of ADPKD in first-degree family members, the role of
genetic testing in genetically at-risk asymptomatic children is controversial.'? It may be argued
that an early diagnosis (either by genetic testing or sonography) may generally not confer
actionability since there are no approved drugs for paediatric patients with ADPKD. Tolvaptan
has not been approved for the paediatric age group. Hence, since an early genetic diagnosis can
carry psychological, employability and insurability burdens, the autonomy of the young person
should be guarded and he/she be allowed to make a decision on genetic testing when he/she is
cognitively or legally mature enough. On the other hand, it can be justifiable that genetic testing
can be offered in certain circumstances, such as if there is extreme psychological burden on the
parents in the absence of closure before the child reaches legal age of consent (18-21 years old),
or if a genetic diagnosis can allow the family to direct resources to commit to regular
surveillance of blood pressure and lifestyle changes, or the child is of Gillick competence and
wishes to proceed with genetic testing. It is noteworthy that lifestyle habits are best cultivated
if started from an early age. A possible middle ground is to delay genetic or even sonographical
screening till cognitive/legal maturity but nevertheless to enforce good lifestyle habits and
blood pressure monitoring from a young age. Skillful non-directed discussions with the parents
or legal guardians to make a shared informed decision, based on a trusting relationship, will be
most helpful.

Progress...

As his mother was keen to have a second child, she subsequently underwent in vitro
fertilization (IVF) with preimplantation genetic testing (PGT). She went on to have an
unaffected son.
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Q6: What family planning options exist for parents with ADPKD?

Identification of the causative ADPKD variant in an affected family member enables family
planning with the option of preimplantation or prenatal genetic testing.'? The risk of recurrence
of ADPKD in the next generation is 50%. The availability of the genetic results allows for
informed decision-making regarding reproductive options, potentially mitigating the risk of
ADPKD transmission to future generations.'* The reproductive options that can be offered are:
(i) Prenatal testing (ii) Assisted reproductive option via IVF with PGT (iii) Assisted
reproductive options using egg or sperm donation (iv) Adoption (v) Not having children.

In Singapore, the Ministry of Health (MOH) regulates the list of genetic conditions for pre-
implantation genetic testing for monogenic gene defects (PGT-M). PKD1 and PKD2 are
approved genes for PGT-M. !4

Individuals with ADPKD may also choose to accept the risk of having a child with ADPKD
and decline risk reduction reproductive options. Regardless, genetic counselling should still be
performed to explain all the possible options and guide them to make informed
decisions. Postnatal evaluation to facilitate pre-emptive care to improve clinical outcomes can
be considered as well.
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Case 5: Pre-transplant Workup in ADPKD

Case History
LNC, 51-year-old male

1. Autosomal Dominant Polycystic Kidney Disease (ADPKD)
e Diagnosed in 2013 (age 40) during a medical checkup for hypertension
e Found to have kidney impairment but was not on regular follow up leading
to progressive CKD
2. End Stage Kidney Disease
e Diagnosed in 2023
3. Hypertension
e Since 2013, coinciding with ADPKD diagnosis

Medications:
e Amlodipine Smg OD
e Bisoprolol 5mg OD
e Atorvastatin 10mg ON
e (alcium Carbonate 500mg TDS

Family History:

e Parents are not known to have ADPKD
Nine siblings:
Sister, 69, Hypertensive, No ADPKD
Sister, 66, No ADPKD
Brother ,64, ADPKD on Haemodialysis
Brother, 63, No ADPKD
Sister, 62, Hypertensive, No ADPKD
Sister, 58, ADPKD on Haemodialysis
Brother, 55, No ADPKD
Patient

e Sister, 50, Diabetic, No ADPKD
No family history of sudden death or intracranial bleed

Social history:
e Married with no children
e Non-smoker
® (Occasional alcohol

Physical Examination:
e Height: 177cm
Weight: 62kgs
BMI: 19.8
Home systolic BP: 130 to 140
Abdominal examination: Ballotable kidneys bilaterally
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Investigations:

USG KUB (26/5/2023): Grossly enlarged kidneys bilaterally with multiple cystic
lesions of varying sizes with internal septation. Left kidney: 30.2cm, right kidney:
24.1cm

CTA Renal (19/12/2023): Bilateral kidneys: Multiple cysts of varying sizes with foci
of calcifications. Left kidney: 21.4cm, right kidney: 24.4cm. Multiple liver cysts
scattered in both liver lobes

ECHO (19/10/2023): Normal left ventricular dimensions with no left ventricular
hypertrophy. No mitral valve prolapse. No aortic valve regurgitation. Ejection
fraction 55%

CTA Brain (10/1/2024): Small saccular aneurysm at ACOM

DSA (7/2/2024): No evidence of aneurysm

Q1: What are the points which should be addressed in a potential kidney transplant
recipient with ADPKD during pre-transplant counselling?

Pre-transplant counselling in ADPKD recipients should encompass the following besides the
routine points discussed in the general population:

Allograft outcome

Screening for intracranial aneurysm
Polycystic kidney nephrectomy (pre/simultaneous/post kidney transplantation,
unilateral vs bilateral nephrectomy)
Cyst infection

Monitoring cyst progression
Pregnancy post kidney transplantation

Q2: What is the outcome of kidney transplantation in ADPKD recipients compared to
those with other glomerular diseases?

e Rates of patient allograft survival following kidney transplantation is excellent, both in

living and deceased donors.

e Allograft survival is superior compared to other primary etiologies of ESKD.?
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Q3: Does this patient need pre-transplant imaging for evaluation of intracranial
aneurysm (ICA)?

There is a 3-5 fold higher prevalence of ICA in those with ADPKD, with an earlier onset of
rupture compared to the general population.®*

Current recommendations favour targeted rather than universal screening, whereby the factors
involved are:

Familial history of SAH or ICAs or sudden death without known cause
Personal history of I[CAs

Personal history of smoking (past/active with >20 years)

Finnish or Japanese descent

Other special considerations include:

Prior to undergoing major surgery (eg transplant) or associated with haemodynamic
instability/hypertension

High risk occupation where loss of consciousness may risk lives (eg. Bus drivers,
pilots, machine operators)

Patients requiring anticoagulation

PKD familial pathogenic variant

De Novo ADPKD, or unknown family history

Digital Subtraction Angiography (DSA) is the gold standard for evaluation of ICA. However
as this is not widely available, MRA is the preferred screening method as it is non-invasive
with no contrast associated kidney injury compared to CTA (especially in those planned for
pre-emptive transplant).

In centres where MRA is not feasible (limited resources), CTA could be utilized for screening.

Q4: What is the effect of immunosuppression on ICA growth?

There is no clear data on this and studies are required to further evaluate this effect.
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QS5: When should nephrectomy be performed in potential recipients with ADPKD who
have massive native kidneys?

Approximately 20% of ADPKD patients would require a native nephrectomy in their lifetime.
This increases to 40% in the setting of kidney transplantation (either pre or post transplantation)

Indications for native kidney nephrectomy for ADPKD are:
e Suspected malignancy

Space creation for graft implantation

Recurrent bleeding/ refractory cyst haemorrhage

Recurrent cyst infection/urolithiasis

Severe chronic pain

Early satiety/ gastrointestinal symptoms

Nephrogenic hypertension

In term of timing of nephrectomy, post-transplant seems superior to pretransplant surgery due
to the following reasons:’
e Preservation of native kidney function
Avoidance of prolonged dialysis prior to transplant
Avoidance of additional surgical trauma pre-transplant
Reduction in pre-transplant morbidity
Minimization of pre-transplant hospitalization
Avoidance of delay in transplantation

Unilateral vs Bilateral Nephrectomy?

Unilateral nephrectomy is suggested over bilateral nephrectomy because of:>
e Reduced operative time and blood loss

Lower risk of complications

Faster recovery time

Preservation of renal function

Decreased risk of erythropoietin deficiency

Lower probability of hormonal and metabolic disruptions

Potential for simultaneous kidney transplantation

Less impact on fluid and electrolyte balance

It is worthy to know that post kidney transplantation, there is a regression in the size of the pre-
existing cysts (occurs up-to 90% in this population). This regression is continuous even six
years into transplantation.®

Q6: What is the incidence of cyst infection in APDKD patients post Kkidney
transplantation?

Cyst infections in the native kidney prior to transplantation is a risk factor for developing cyst

infections post transplantation. Infection is the highest in the first year of transplantation
(~40%) and the cumulative incidence at 1,5 and 20 years is 3,6 and 12% respectively.’
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Q7: What is the recommendation for monitoring of the native cysts?

In general, primary renal cell carcinoma (RCC) occurs in 5% of kidney transplant recipients
(90% in native kidney and 10% in the allograft). Compared to the general population, ADPKD
was not a risk factor for development of post-transplant malignancy.®

Native cyst monitoring depending on the Bosniak classification would require monitoring with
either ultrasound or CT kidney 4 phase. A multidisciplinary team involving the urologist and
radiologist would be beneficial in this setting.

Q8: Is there a role for genetic testing in this patient despite his positive family history
and a clinically confirmed diagnosis of ADPKD?

Genetic testing has limited benefit in the abovementioned patient as this is a spousal
transplantation. In the setting of living related kidney transplantation, it is generally unlikely
for an unaffected individual above the age of 40 years to have ADPKD.

Genetic analysis and mutation screening is more technically challenging in ADPKD than other
monogenic diseases. Currently genetic testing is recommended for assessing the potential
living- related kidney donors with negative or equivocal imaging results. However, if this
patient is planning to have children, genetic testing could provide some input on disease
transmission.

Q9: How should post transplant ADPKD patients be counselled with regards to fertility
and pregnancy?

Fertility can be restored post transplantation in individuals in ADPKD in both males and
females although this could be affected by the allograft function.

The general recommendation is similar to those patients without ADPKD i.e. to delay
pregnancy for at least 1-2 years post transplantation (minimal immunosuppression with stable
allograft function).

It is important to highlight that after transplant, the patient can still pass on the mutation to the
children. Suitable genetic counselling with respect to reproductive planning should be offered.
(See Case 1 Question 3 and Case 4 Question 6 for genetic testing)

The effect of pregnancy on intracranial aneurysm is controversial as there is a risk of
aneurysmal growth and rupture attributed to hemodynamic and hormonal changes. This risk
appears to be highest in the third trimester. However, there is no clear guideline for intracranial
aneurysm screening during pregnancy outside of the standard recommendation.’
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Understanding Polycystic Kidney Disease (PKD)

What is PKD & What Causes It?

Inherited condition:
Fluid-filled cysts develop,
enlarging kidneys and
impairing function,

Caused by mutations in specific
genes, commonly PKD1 and PKD2.

a8 a8
2 8 8 &

ADPKD (Dominant): ARPKD (Recessive):
One altered gene from Altered gene needed
one parent is enough. from both parents.
50% chance per child. 25% chance.

New Gene Changes: Can occur without family
history due to a spontaneous mutation.

potentially leading to failure.

A Patient's Guide

Signs, Symptoms & Diagnosis

Early Signs (often no symptoms
until age 30-40):
@, High blood pressure

(S :
Q Pain in lower back or sides

% Blood in the urine
Diagnosis Methods:
((2? Family history & physical exam

Imaging tests (Ultrasound, CT,
S MRI)

Blood tests for kidney function,
genetic testing.
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How is PKD Managed?
(No Cure, Slow Progression)

[Q, Control blood pressure (medication, lifestyle)
E Adequate fluid intake

@ Healthy, low-sodium diet, manage weight
Smoking cessation

@ Treat urinary tract infections promptly
4 Avoid NSAIDs (like ibuprofen)

(% Medications (ACE inhibitors, ARBs,
Tolvaptan) to slow progression.

Potential Complications

6 % O e
Kidney function Chronic pain  High blood Liver cyst
decline pressure growth

@ £ &

Brain aneurysm  Pregnancy Heart valve  Colon issues
development complications abnormalities
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About Polycystic Kidney Disease (PKD)

%

@ Doctors evaluate:
. Rate of decline in kidney function (eGFR)

-
Do all people with ADPKD need Tolvaptan?
@ Tolvaptan is used for rapidly progressing
DISEASE PROCRESSION
. Total kidney volume

ADPKD to slow cyst growth and preserve
Kidnoy with APKD -«-v-mm:v « Family history

kidney function.
« Presence of complications

ISDGET et CILY [y

2
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What steps can | take to care for my kidneys with PKD?

a
@ Stay physically active. @ Adopt a healthy, low-sodium diet.
Avoid smoking.

Limit or avoid NSAIDs like
ibuprofen.

(

%@ Emotional well-being: Stress/anxiety,
@ support groups.

=1 Insurance: Inform provider; coverage varies.

Dietary considerations: Limit salt, stay
!@1 hydrated.

& _  Social activities: Pain/fatigue may influence
5&5 participation; avoid contact sports.

ﬁ Driving safety: Consult doctor if diagnosed
with brain aneurysms.

\
How might PKD affect my daily life?

J

(
Where can | find more information

and support for PKD?

Your doctor is the best source for
tailored information. Don't hesitate to
ask questions. They can guide you to
reliable resources and support
organizations.

N
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