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Abstract

Polycystic kidney diseases (PKD) are severe forms of genetic kidney disorders. The two main types of PKD are autoso-
mal recessive and autosomal dominant PKD (ARPKD, ADPKD). While ARPKD typically is a disorder of early childhood,
patients with ADPKD often remain pauci-symptomatic until adulthood even though formation of cysts in the kidney
already begins in children. There is clinical and genetic overlap between both entities with very variable clinical
courses. Subgroups of very early onset ADPKD may for example clinically resemble ARPKD. The basis of the clinical
variability in both forms of PKD is not well understood and there are also limited prediction markers for disease pro-
gression for daily clinical life or surrogate endpoints for clinical trials in ARPKD or early ADPKD.

As targeted therapeutic approaches to slow disease progression in PKD are emerging, it is becoming more important
to reliably identify patients at risk for rapid progression as they might benefit from early therapy. Over the past years
regional, national and international data collections to jointly analyze the clinical courses of PKD patients have been

set up. The clinical observations are complemented by genetic studies and biorepositories as well as basic science
approaches to elucidate the underlying molecular mechanisms in the PKD field. These approaches may serve as a
basis for the development of novel therapeutic interventions in specific subgroups of patients. In this article we sum-
marize some of the recent developments in the field with a focus on kidney involvement in PKD during childhood
and adolescence and findings obtained in pediatric cohorts.
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Introduction

Polycystic kidney diseases (PKD) are severe systemic dis-
orders that predominantly affect the kidneys and the liver
[1]. The two main forms of PKD are autosomal recessive
PKD (ARPKD; OPRHA:731) and autosomal dominant
PKD (ADPKD, OPRHA:730).

ARPKD is usually diagnosed prenatally or in the first
year of life. The disease is characterized by bilateral fibro-
cystic changes of the kidneys typically presenting with
massive organ enlargement due to ubiquitous microcysts
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mainly developing from the collecting duct. Impairment
of kidney function is variable. Antenatal decline of kidney
function is associated with oligo-/anhydramnios which
subsequently results in pulmonary hypoplasia. Early pul-
monary disease in ARPKD is still associated with sub-
stantial mortality even in very advanced medical centers.
In addition, hepatic involvement due to a developmental
defect of bile ducts is an obligatory finding in ARPKD,
which may clinically result in hepatic fibrosis with portal
hypertension and bile duct dilatations with an increased
risk of cholangitis [1-3].

ADPKD is a more slowly developing disease with clini-
cal symptoms typically becoming prominent in adult-
hood, even though cyst development starts in childhood
or even in utero [1, 4]. The disease is characterized by
progressive development of macrocysts in the kidney
developing from all parts of the tubule. Kidney volume
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increases with cyst volume. Fibrotic changes in the kid-
ney develop during the course of the disease. Extrarenal
manifestations include - amongst others - the develop-
ment of hepatic cysts, diverticula and hernia, cardiovas-
cular anomalies, and pain (Table 1) [1, 5].

The genes mainly affected in ARPKD and ADPKD are
well-known (PKHDI (ARPKD), PKD1 and PKD2
(ADPKD)), but the pronounced and poorly understood
clinical variability cannot be fully explained by underlying
genotypes. Variants in additional genes and first modifier
genes have been identified [1]. Overlapping phenotypes
between ARPKD and rapidly progressing ADPKD, and
patients with coincidental variants in multiple PKD genes
that show aggravated phenotypes have been described
[6]. Biallelic hypomorphic PKD1I variants have been iden-
tified as a common cause of early-onset PKD [7]. In addi-
tion to genetic aspects, unknown environmental factors
may influence the phenotype.

In this manuscript we focus on kidney involvement in
the two main forms of PKD. ARPKD and ADPKD are
major contributors to chronic kidney disease (CKD) with
ARPKD being an important cause of CKD specially in
very young children and ADPKD being the by far most
common genetic cause for chronic kidney failure (CKF)
in adults. Despite important work by multiple groups
[8—11], there has been a knowledge gap on longitudinal
courses of ARPKD and pediatric ADPKD and prognos-
tic markers. Clinically, there is limited published data
on severe and rapidly-progressing early-onset ADPKD.
For typical ADPKD that progresses to kidney failure at
a mean age of 58.1 years for PKDI patients and at 79.9

Table 1 Comparison of typical clinical features of ARPKD and ADPKD
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years for PKD2 patients first risk scores have been devel-
oped in adult patients [12, 13]. Yet, these scores cannot
be fully applied in pediatric and young adult patients as
they include age-dependent variables. Height-adjusted
total kidney volume (HtTKV) has been associated with
hypertension of ADPKD already in children [14, 15], but
data on in-depth longitudinal clinical characterization of
children suffering from ADPKD remains sparse.

There is a clear need for evidence-based and targeted
treatment in both forms of PKD during childhood and
adolescence. ARPKD is a very severe disorder of early
childhood. In ADPKD on the other hand cystogenesis
starts early in life and kidney function mainly declines
once structural changes in the kidney parenchyma are
pronounced. It has therefore been suggested that young
ADPKD patients could highly profit from early interven-
tions that would retard the development of structural
changes in the kidney with subsequent positive long-
term effects.

Clinical research on ARPKD and pediatric ADPKD has
for a long time been hampered by the lack of well-defined
primary end points for trials. Most of the current treat-
ment approaches for pediatric PKD therefore remain
symptomatic and opinion-based. The current treatment
of severely affected children with ADPKD is based on
strict antihypertensive therapy [4, 16].

For treatment of adult ADPKD patients multiple clini-
cal trials are ongoing. The vasopressin V2-receptor
antagonist Tolvaptan has been shown to retard cyst
growth and the loss of kidney function in large cohorts
of adult ADPKD patients [1]. A clinical trial on the use of

ARPKD OPRHA:731

ADPKD OPRHA:730

Incidence 1:20.000

Main clinical kidney
manifestations Chronic kidney disease
Hyponatremia

Hypertension

Prenatal enlarged kidneys, cystic kidneys, oligo-/anhydramnios

1:500-1:1000

Increased TKYV, cystic kidneys
Hypertension

Proteinuria

Hematuria

Chronic kidney disease

Kidney Ultrasound

Hepatic Pathology

Associated anomalies

Increased echogenicity of kidney parenchyma.,Salt-and-
pepper-pattern. Small, sometimes invisible cysts (<2mm).
More ADPKD-like pattern with advancing age

Mandatory: Ductal plate malformation/congenital hepatic
fibrosis with hyperplastic biliary ducts and portal fibrosis
Dilated bile ducts (Caroli syndrome)

Portal hypertension

Increased risk of cholangitis

Neonatal respiratory distress/failure due to pulmonary hypo-
plasia

Rarely pancreatic cysts.

Single case reports of intracranial aneurysms.

Cysts of different sizes in cortex and medulla.
Usually several large cysts.
Usually bilateral cysts

Occasionally ductal plate malformation/congenital hepatic
fibrosis
Liver cysts: Common in adults, rare in children.

Pancreatic cysts and/or cysts in other epithelial organs

Colon diverticula and hernia

Cardiovascular anomalies, and familiarly clustered intracranial
aneurysms, abdominal Aorta aneurysms

Bronchiectasis

Pain
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Tolvaptan in children with ADPKD is currently ongoing
(EudraCT 2016-000187-42). While tolvaptan has shown
a clinical benefit for adult patients with ADPKD, it is
associated with relevant side effects including polydipsia
and polyuria. Adult patients produce 4-8 liters of urine
a day and rare but severe hepatic side effects have been
described [1, 16].

Data from preclinical studies show that common
molecular and cellular mechanisms in ARPKD and
ADPKD contribute to the pathogenesis of the different
subtypes of PKD [1, 17]. Thus, a transfer of knowledge
from ADPKD to ARPKD seems plausible. However, given
the current difficulties to predict disease courses and to
identify children at special risk of very rapid disease pro-
gression in both forms of PKD, novel targeted therapies
could either be withheld or expose individuals to poten-
tial side effects without providing any benefit. A deeper
understanding of the natural disease history and rapid,
accurate and prognostic diagnostic measures are there-
fore urgently required to guide counseling, the timing of
diagnosis and monitoring, and to work towards personal-
ized therapeutic approaches. A combination of longitudi-
nal clinical phenotyping and the survey of international
cohorts together with a translational research approach
to identify underlying molecular disease mechanisms and
biomarkers appears ideal to identify diagnostic criteria
that can be applied early in life.

Over the last years we have established the interna-
tional registry studies ARegPKD (www.ARegPKD.org)
and ADPedKD (www.ADPedKD.org) [18, 19]. In brief,
we aim to follow patients with the clinical diagnosis of
ARPKD or pediatric ADPKD to describe the longitudi-
nal clinical courses. By End of May 2021 more than 680
patients have been included in ARegPKD and more than
1200 patients have been registered for the more recently
launched global ADPedKD network.

Recent insights obtained from pediatric PKD
cohort studies

ARPKD

As ARegPKD has already been running for a few years,
the first publications have emerged and can demonstrate
the strength and the potential of the chosen international
approach. Clinical research in the ARPKD field has been
facing the typical problems associated with rare and vari-
able disorders. ARPKD is a very rare disease with an esti-
mated incidence of 1:20.000 [1]. Despite very important
work by various groups [8—10] it has been a challenge to
gather detailed longitudinal clinical data on large cohorts.
This has impeded the definition of primary endpoints for
clinical trials. A very clearly-defined hard primary end-
point is needed for a clinical trial. To allow studying in a
cohort in a clinical trial such an end point would need to
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be reached by a substantial percentage of a study cohort
in a reasonable period of time. As numbers in a potential
trial on a rare disease like ARPKD will remain limited it
appears even more important to clearly define compara-
ble subcohorts that would be at a high risk to reach such
an endpoint. Thus, in a first step it is crucial to describe
the clinical course of the disease under standard of care
conditions and to identify potential clinical, genetic or
biochemical risk factors for severe disease progression,
which may either affect the kidneys, the liver or both
organs. ARegPKD analyses have described the ARPKD
phenotype in adults and studied the potential conse-
quences of very early bilateral nephrectomy in ARPKD
patients [20, 21]. To identify potential risk markers,
genetics is an obvious candidate for a recessive disorder.
Genotype-phenotype correlations have for a long time
been limited to the type of variant in ARPKD with bial-
lelic PKHD1 variants being associated with severe pheno-
types [1]. Indeed, surviving ARPKD patients with biallelic
PKHDI variants have only recently been described [22,
23]. ARegPKD data has recently highlighted the impor-
tance of the localization of the variant in addition to its
type in patients with missense variants [24]. To study
potential genotype-phenotype associations, the gene
was categorized into four sections. Patients with either
two missense variants in one section or a missense vari-
ant and a null variant were analyzed together under the
assumption that the weaker variant would define the
phenotype in a recessive disorder. The data show that
patients with variants affecting the amino acids 709-1837
of the ARPKD protein fibrocystin showed better renal
outcome, whereas patients with variants affecting amino
acids 2625-4074 showed poorer hepatic outcome. The
data may explain some of the variability between the kid-
ney and the liver phenotypes that has been described for
ARPKD. The findings may also be a helpful contributor
to a risk stratification for ARPKD patients and will open
various research fields to study the cellular protein func-
tion of fibrocystin, e.g. in preclinical mouse models.

In addition to genetics easy-to-obtain clinical data are
highly important for stratification of patients into risk
groups. A recent study on 385 ARegPKD patients identi-
fied prenatal sonographic identification of enlarged kid-
neys, kidney cysts as well as documentation of oligo-/
anhydramnios as candidates for prenatal markers to
predict early dialysis dependency in ARPKD patients
[25]. Thirty-six patients with the need for dialysis in the
first year of life were compared to 349 patients that did
not require dialysis in this time frame. Various mark-
ers showed an increased hazard ratio for early dialysis
dependency in a multivariate Cox regression analysis
with documentation of oligohydramnios or anhydram-
nios, and the need for postnatal respiratory support
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being most-powerful markers. Interestingly, a predictive
model derived from the dataset could identify a gradual
increase of probability of early postnatal dialysis depend-
ency according to the isolated or combined documenta-
tion of antenatal detection of enlarged kidneys, kidney
cysts and documentation of oligo-/anhydramnios [25].
Thus, the clinical data define a first high-risk profile for
severe kidney disease in ARPKD and have served as a
basis for the establishment of two first clinical phase 3
trials that are aiming to study the safety of Tolvaptan and
its effects on the need of kidney replacement therapy in
ARPKD patients (NCT04782258, NCT04786574).

Thus, clinical and genetic markers have been iden-
tified in ARegPKD to categorize kidney disease pro-
gression in ARPKD. Such markers could in the future
be supported and reinforced by radiological findings
or biochemical markers. Most recently, we identified
early childhood htTKV as a potential risk marker for
kidney survival in ARPKD [26]. Yet, our understanding
of the ARPKD pathophysiology and of the functional
role of the ARPKD protein fibrocystin remains limited,
hampering the development of novel therapeutic con-
cepts for ARPKD. Work in mouse models that would
complement clinical research has for a long time been
hampered by the fact that orthologous ARPKD mouse
models did not recapitulate the kidney phenotype of
ARPKD. More recently, two novel paths have opened
up for cellular ARPKD research. The ability to obtain,
culture and reprogram epithelial cells from patients’
urine may become an important tool especially for
recessive disorders like ARPKD. Furthermore, a novel
digenic mouse model that was obtained by crossing
an known orthologous ARPKD mouse model with a
well-established orthologous ADPKD model shows a
kidney phenotype that resembles human ARPKD [27].
This model may become helpful for functional pre-
clinical studies or screening of potential therapeutic
approaches. The data again point to a potential over-
lap between ARPKD and ADPKD in a spectrum of
diseases.

ADPKD

While ADPKD typically becomes clinically symptomatic
in adulthood, cystogenesis starts in childhood or even
antenatally. Major clinical variability has been described
in ADPKD that can only partially be explained by the
underlying genetics. It was for a long time believed that
children of patients with ADPKD should not be exam-
ined but a “wind of change” has recently been noted
in this field [28]. More attention has been given to a
concept of prevention of disease progression by early
modification of ADPKD risk factors. This includes initi-
ating the treatment of modifiable risk factors already in
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children. The challenges for treating ADPKD in child-
hood and adolescence have recently been summarized
and first specific recommendations on the diagnosis and
management of ADPKD in children and young people
have been published [4, 16]. Increased htTKV, hyper-
tension and proteinuria are widely-accepted risk mark-
ers in adults with ADPKD with more recent emerging
comparable data for children with ADPKD. Ambulatory
blood pressure measurements and detection of pro-
teinuria in childhood are highly valid examinations and
there is a well-established link between hypertension
and proteinuria as a consequence of pediatric ADPKD.
Furthermore, hypertension and proteinuria are known
pediatric risk markers for the progression of CKD. Thus,
hypertension and proteinuria may also become promis-
ing candidates for surrogate endpoints in clinical trials
bridging early disease progression to findings in adults.
While it is generally accepted that strict antihyperten-
sive therapy is required and helpful already in pediat-
ric ADPKD in specific, there is a lack of knowledge on
the overall clinical development of ADPKD throughout
childhood and adolescence. As previously described
for ARPKD this knowledge gap is a major challenge to
identify and study risk patterns and novel markers in
pediatric ADPKD. For adult ADPKD additional urinary,
plasma or radiological markers have been described and
risk scores like the PROPKD score or the Mayo-TKV-
Score are well-established and some of these markers
may become interesting candidates for evaluation in
childhood and adolescence [1]. Very briefly summarized
the PROPKD score is based on four variables: gender,
type of genetic variant (truncating PKD1 variant, non-
truncating PKD1 variant, PKD2 variant), hypertension
before the age of 35 years, first urologic event before
the age of 35 years. These variables are weighed dif-
ferently resulting in a final point score between 0 and
9 points that subsequently allows the classification of
patients in three risk categories (low risk, intermediate
risk, high risk). A score of <3 has a negative predictive
value of 81.4% for CKF before 60 years of age, whereas
a score >6 shows a positive predictive value of 90.9% for
chronic kidney failure before 60 years of age. The Mayo-
TKV-Score classifies patients into typical and atypical
radiological presentation, with five age-adjusted htTKV
subclasses in the typical group (1A-1E in increas-
ing order). Patients in higher classes show more rapid
decline of kidney function and thus have a higher risk to
develop CKEF after 10 years.

For progress in pediatric ADPKD research we will
need the association of biobanking and deeply pheno-
typed patients. The samples obtained during a clinical
trial on the efficacy of pravastatin in childhood were
for example recently used for metabolic profiling of
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children and young adults with ADPKD [29]. An addi-
tional recent example in the pediatric field includes
the evaluation of plasma copeptin, urinary epidermal
growth factor (EGF) and urinary MCP-1 as potential
early markers in a cross-sectional study of 53 geno-
typed ADPKD patients with a mean age of 10.4 years.
As expected, kidney function was very good in this
cohort with a mean eGFR of 122.7 ml/min/1.73m?
Patient samples were compared to samples from age-,
sex- and BMI-matched healthy controls. While plasma
copeptin and urinary EGF did not show major dif-
ferences, urinary MCP-1 was significantly higher in
ADPKD patients compared to controls. This finding
was driven by patients with PKDI variants independ-
ent of their underlying genotype. A group of patients
with very early onset ADPKD or early symptomatic
ADPKD showed higher urinary MCP-1 levels than
asymptomatic patients. Human fetal ADPKD kidneys
displayed prominent MCP-1 staining and M2 mac-
rophage infiltration and cellular models with PKDI
haploinsufficiency exhibited increased MCP-1 secre-
tion. Thus, urinary MCP-1 may become an easily-
obtainable marker of disease severity for subgroups
of pediatric ADPKD patients [30]. It may in the future
be complemented by radiological findings obtained by
both novel MR techniques or 3D-ultrasound [28, 30].
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Outlook and Summary
Over the past ten years there have been major devel-
opments in pediatric PKD research. The field has
greatly benefitted from the knowledge and the experi-
ences obtained in the general PKD field and in pediat-
ric nephrology. This includes a better understanding of
pathomechanisms as well as the identification of prog-
nostic markers of disease progression in adult ADPKD
patients. A concept is emerging in which ARPKD and
ADPKD may be seen as two ends of a disease spectrum
with overlapping genetic and clinical features (Figure 1).
The infrastructures generated during the past few years
will allow to gain more in-depth insights into the clinical
courses of both ARPKD and ADPKD and it appears very
likely that clinical risk stratification will soon be possible
based on the data obtained in the observational stud-
ies. These data will be supported and complemented by
the ongoing cell biological work as well as the power of
modern multi-omics approaches to identify early prog-
nostic and predictive biomarkers. For ARPKD the goal
will be to achieve promising settings for realizable clini-
cal trials with the two trials mentioned above being a
first major step ahead. For pediatric ADPKD it will be
crucial to keep the balance between safety, and tolerabil-
ity as well as interference in the daily life of children on
the one hand and the benefits of early management on
the other hand. Here, establishment of easily-obtainable
predictive markers of disease progression in childhood

genetic and clinical features
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Figure 1 Age-dependent changes of the clinical phenotype (light blue), risk factors for rapid disease progression (yellow) and progression of
understanding (dark blue) in ARPKD and ADPKD. Overall ARPKD and ADPKD can be seen as two ends of a disease spectrum with overlapping
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and adolescence as valid primary end points for pedi-
atric clinical trials are urgently needed as a base for
the establishment of early targeted treatment. Further-
more, the in-depth clinical characterization of pedi-
atric patients may generate questions for translational
research in PKD protein function, thus serving as a
stimulus for bidirectional translational research between
bench and bedside.

Abbreviations

ADPKD: Autosomal dominant polycystic kidney disease; ARPKD: Autosomal
recessive polycystic kidney disease; CKF: Chronic kidney failure; EGF: Epidermal
growth factor; HtTKV: Height-adjusted total kidney volume; PKD: Polycystic
kidney disease; PKD1: Polycystic kidney disease 1; PKD2: Polycystic kidney
disease 2; PKHD1: Polycystic kidney and hepatic disease 1.

Acknowledgement

We thank the ESPN Working Groups “CAKUT”and “Inherited Kidney Diseases”
for support of the registries, MCL and DM are members of the European Refer-
ence Network on Rare Kidney Diseases (ERKNet). — Project ID No 739532.

Authors’ Contributions
Both authors jointly wrote the manuscript and reviewed the final version. The
author(s) read and approved the final manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. MCL was
supported by grants of the German Society for Pediatric Nephrology, the
European Society for Paediatric Nephrology (ESPN2014.2), and the Marga
and Walter Boll-Foundation. MCL is furthermore supported by the German
Federal Ministry of Research and Education (BMBF grant 01GM1903B, NEO-
CYST consortium) and the German Research Council (DFG Li 2397 5/1).

Availability of data and materials
Data and material serving as the base for this mini review is available by the
authors upon reasonable request.

Declarations

Ethics approval and consent to participate

ARegPKD and ADPedKD were approved by the corresponding ethical com-
mittees with the main coordinating centers being Cologne (ARegPKD; Ethics
Committee of the Faculty of Medicine of Cologne University) and Leuven
(ADPedKD; Ethics Committee of University Hospitals Leuven).

Consent for publication
Does not apply

Competing interests

MCL serves on an advisory board of Otsuka Pharmaceuticals as a repre-
sentative of the University Hospital of Cologne. DM serves on an advisory
board of Otsuka Pharmaceuticals, Sanofi-Genzyme and Galapagos as a
representative of the KU Leuven. The authors have a bias towards their own
published data.

Author details

'Department of Pediatrics, Center for Rare Diseases and Center for Molecu-
lar Medicine, University Hospital Cologne and Medical Faculty, University

of Cologne, Kerpener Str. 62, 50937 Cologne, Germany. >Department

of Pediatric Nephrology and Organ Transplantation, University Hospitals
Leuven, Herestraat 49, 3000 Leuven, Belgium. *Department of Development
and Regeneration, PKD Research Group, Laboratory of Pediatrics, KU Leuven,
Leuven, Belgium.

Received: 20 June 2021 Accepted: 22 November 2021
Published online: 09 December 2021

Page 6 of 7

References

1. Bergmann C, Guay-Woodford LM, Harris PC et al (2018) Polycystic
kidney disease. Nat Rev Dis Primer 4:50. https://doi.org/10.1038/
s41572-018-0047-y

2. Hartung EA, Guay-Woodford LM (2014) Autosomal Recessive Polycystic
Kidney Disease: A Hepatorenal Fibrocystic Disorder With Pleiotropic
Effects. Pediatrics 134:e833-e845. https://doi.org/10.1542/peds.
2013-3646

3. Liebau MC (2021) Early clinical management of autosomal recessive
polycystic kidney disease. Pediatr Nephrol Berl Ger 36:3561-3570. https://
doi.org/10.1007/500467-021-04970-8

4. De Rechter S, Bammens B, Schaefer F et al (2018) Unmet needs and chal-
lenges for follow-up and treatment of autosomal dominant polycystic
kidney disease: the paediatric perspective. Clin Kidney J 11:i14-i26.
https://doi.org/10.1093/ckj/sfy088

5. Chebib FT, Torres VE (2018) Recent Advances in the Management of
Autosomal Dominant Polycystic Kidney Disease. Clin J Am Soc Nephrol
CJASN 13:1765-1776. https://doi.org/10.2215/CIN.03960318

6. Bergmann C, von Bothmer J, Ortiz Briichle N et al (2011) Mutations in
multiple PKD genes may explain early and severe polycystic kidney
disease. J Am Soc Nephrol JASN 22:2047-2056. https://doi.org/10.1681/
ASN.2010101080

7. Durkie M, Chong J, Valluru MK et al (2021) Biallelic inheritance of hypo-
morphic PKD1 variants is highly prevalent in very early onset polycystic
kidney disease. Genet Med Off J Am Coll Med Genet 23:689-697. https://
doi.org/10.1038/541436-020-01026-4

8. Bergmann C, Senderek J, Windelen E et al (2005) Clinical consequences
of PKHD1 mutations in 164 patients with autosomal-recessive polycystic
kidney disease (ARPKD). Kidney Int 67:829-848. https://doi.org/10.1111/].
1523-1755.2005.00148.x

9. Guay-Woodford LM, Desmond RA (2003) Autosomal recessive polycystic
kidney disease: the clinical experience in North America. Pediatrics
111:1072-1080

10. Adeva M, El-Youssef M, Rossetti S et al (2006) Clinical and molecular
characterization defines a broadened spectrum of autosomal recessive
polycystic kidney disease (ARPKD). Medicine (Baltimore) 85:1-21. https://
doi.org/10.1097/01.md.0000200165.90373.9a

11. Cadnapaphornchai MA (2015) Autosomal dominant polycystic kidney
disease in children. Curr Opin Pediatr 27:193-200. https://doi.org/10.
1097/MOP0000000000000195

12. Irazabal MV, Rangel LJ, Bergstralh EJ et al (2015) Imaging classification
of autosomal dominant polycystic kidney disease: a simple model for
selecting patients for clinical trials. J Am Soc Nephrol JASN 26:160-172.
https://doi.org/10.1681/ASN.2013101138

13. Cornec-Le Gall E, Audrézet M-P, Rousseau A et al (2016) The PROPKD
Score: A New Algorithm to Predict Renal Survival in Autosomal Dominant
Polycystic Kidney Disease. J Am Soc Nephrol JASN 27:942-951. https://
doi.org/10.1681/ASN.2015010016

14. Cadnapaphornchai MA, Masoumi A, Strain JD et al (2011) Magnetic reso-
nance imaging of kidney and cyst volume in children with ADPKD. Clin
J Am Soc Nephrol CJASN 6:369-376. https://doi.org/10.2215/CIN.03780
410

15. Cadnapaphornchai MA, McFann K, Strain JD et al (2009) Prospective
change in renal volume and function in children with ADPKD. Clin J Am
Soc Nephrol CJASN 4:820-829. https://doi.org/10.2215/CIN.02810608

16. Gimpel C, Bergmann C, Bockenhauer D et al (2019) International
consensus statement on the diagnosis and management of autosomal
dominant polycystic kidney disease in children and young people. Nat
Rev Nephrol. https://doi.org/10.1038/541581-019-0155-2

17. Haumann S, Muller R-U, Liebau MC (2020) Metabolic Changes in Polycys-
tic Kidney Disease as a Potential Target for Systemic Treatment. Int J Mol
Sci 21. https://doi.org/10.3390/ijms21176093

18. EbnerK, Feldkoetter M, Ariceta G et al (2015) Rationale, design and objec-
tives of ARegPKD, a European ARPKD registry study. BMC Nephrol 16:22.
https://doi.org/10.1186/512882-015-0002-z

19. De Rechter S, Bockenhauer D, Guay-Woodford LM et al (2019) ADPedKD:
A Global Online Platform on the Management of Children With ADPKD.
Kidney Int Rep 4:1271-1284. https://doi.org/10.1016/j.ekir2019.05.015

20. Burgmaier K, Kilian S, Bammens B et al (2019) Clinical courses and
complications of young adults with Autosomal Recessive Polycystic


https://doi.org/10.1038/s41572-018-0047-y
https://doi.org/10.1038/s41572-018-0047-y
https://doi.org/10.1542/peds.2013-3646
https://doi.org/10.1542/peds.2013-3646
https://doi.org/10.1007/s00467-021-04970-8
https://doi.org/10.1007/s00467-021-04970-8
https://doi.org/10.1093/ckj/sfy088
https://doi.org/10.2215/CJN.03960318
https://doi.org/10.1681/ASN.2010101080
https://doi.org/10.1681/ASN.2010101080
https://doi.org/10.1038/s41436-020-01026-4
https://doi.org/10.1038/s41436-020-01026-4
https://doi.org/10.1111/j.1523-1755.2005.00148.x
https://doi.org/10.1111/j.1523-1755.2005.00148.x
https://doi.org/10.1097/01.md.0000200165.90373.9a
https://doi.org/10.1097/01.md.0000200165.90373.9a
https://doi.org/10.1097/MOP.0000000000000195
https://doi.org/10.1097/MOP.0000000000000195
https://doi.org/10.1681/ASN.2013101138
https://doi.org/10.1681/ASN.2015010016
https://doi.org/10.1681/ASN.2015010016
https://doi.org/10.2215/CJN.03780410
https://doi.org/10.2215/CJN.03780410
https://doi.org/10.2215/CJN.02810608
https://doi.org/10.1038/s41581-019-0155-2
https://doi.org/10.3390/ijms21176093
https://doi.org/10.1186/s12882-015-0002-z
https://doi.org/10.1016/j.ekir.2019.05.015

Liebau and Mekahli Molecular and Cellular Pediatrics (2021) 8:20 Page 7 of 7

Kidney Disease (ARPKD). Sci Rep 9:7919. https://doi.org/10.1038/
$41598-019-43488-w

21. Burgmaier K, Ariceta G, Bald M et al (2020) Severe neurological outcomes
after very early bilateral nephrectomies in patients with autosomal reces-
sive polycystic kidney disease (ARPKD). Sci Rep 10:16025. https://doi.org/
10.1038/541598-020-71956-1

22. Ebner K, Dafinger C, Ortiz-Bruechle N et al (2017) Challenges in establish-
ing genotype-phenotype correlations in ARPKD: case report on a toddler
with two severe PKHD1 mutations. Pediatr Nephrol Berl Ger 32:1269—
1273. https://doi.org/10.1007/500467-017-3648-x

23. FrankV, Zerres K, Bergmann C (2014) Transcriptional complexity in auto-
somal recessive polycystic kidney disease. Clin J Am Soc Nephrol CJASN
9:1729-1736. https://doi.org/10.2215/CIN.009201 14

24. Burgmaier K, Brinker L, Erger F et al (2021) Refining genotype-phenotype
correlations in 304 patients with autosomal recessive polycystic kidney
disease and PKHD1 gene variants. Kidney Int 100:650-659. https://doi.
0rg/10.1016/j.kint.2021.04.019

25. Burgmaier K, Kunzmann K, Ariceta G et al (2018, 199) Risk Factors for Early
Dialysis Dependency in Autosomal Recessive Polycystic Kidney Disease. J
Pediatr:22-28.e6. https://doi.org/10.1016/j.jpeds.2018.03.052

26. Burgmaier K, Kilian S, Arbeiter K et al (2021) Early childhood height-
adjusted total kidney volume as a risk marker of kidney survival in ARPKD.
SciRep 11:21677. https://doi.org/10.1038/541598-021-00523-z

27. Olson RJ, Hopp K, Wells H et al (2019) Synergistic Genetic Interactions
between Pkhd1 and Pkd1 Result in an ARPKD-Like Phenotype in Murine
Models. J Am Soc Nephrol JASN 30:2113-2127. https://doi.org/10.1681/
ASN.2019020150

28. Gimpel C, Bergmann C, Mekahli D (2021) The wind of change in the man-
agement of autosomal dominant polycystic kidney disease in childhood.
Pediatr Nephrol Berl Ger. https://doi.org/10.1007/500467-021-04974-4

29. Baliga MM, Klawitter J, Christians U et al (2021) Metabolic profiling in
children and young adults with autosomal dominant polycystic kidney
disease. Sci Rep 11:6629. https://doi.org/10.1038/541598-021-84609-8

30. Janssens P, Decuypere J-P, De Rechter S et al (2021) Enhanced MCP-1
Release in Early Autosomal Dominant Polycystic Kidney Disease. Kidney
Int Rep 6:1687-1698. https://doi.org/10.1016/j.ekir.2021.03.893

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1038/s41598-019-43488-w
https://doi.org/10.1038/s41598-019-43488-w
https://doi.org/10.1038/s41598-020-71956-1
https://doi.org/10.1038/s41598-020-71956-1
https://doi.org/10.1007/s00467-017-3648-x
https://doi.org/10.2215/CJN.00920114
https://doi.org/10.1016/j.kint.2021.04.019
https://doi.org/10.1016/j.kint.2021.04.019
https://doi.org/10.1016/j.jpeds.2018.03.052
https://doi.org/10.1038/s41598-021-00523-z
https://doi.org/10.1681/ASN.2019020150
https://doi.org/10.1681/ASN.2019020150
https://doi.org/10.1007/s00467-021-04974-4
https://doi.org/10.1038/s41598-021-84609-8
https://doi.org/10.1016/j.ekir.2021.03.893

	Translational research approaches to study pediatric polycystic kidney disease
	Abstract 
	Introduction
	Recent insights obtained from pediatric PKD cohort studies
	ARPKD
	ADPKD

	Outlook and Summary
	Acknowledgement
	References


