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ABSTRACT 

Background. Autosomal dominant polycystic kidney disease ( ADPKD ) has numerous extrarenal manifestations. 
Pericardial effusion ( PE ) may be an underrecognized complication with a reported prevalence of up to 35%. Our study is 
the first to systematically evaluate the prevalence of PE and associated risk factors in an ADPKD cohort outside the USA. 
Methods. Clinically stable ADPKD patients from a specialized outpatient clinic were evaluated retrospectively. Magnetic 
resonance tomography and computed tomography scans were analysed regarding the presence of PE ( ≥4 mm ) . Imaging 
results were linked to clinical characteristics. 
Results. Of 286 ADPKD patients, 208 had computed tomography or magnetic resonance imaging suitable for evaluation 

of PE. In this group we detected PE in 17 patients ( 8.2% ) . The overall prevalence of PE was 6.3%, with more females being 
affected ( prevalence of PE was 7.8% in females and 3.8% in males ) . The PE mean size was 6.8 ± 3.3 mm. The prevalence of 
autoimmune diseases was higher in the patients with PE ( 11.8% versus 2.1%, P = .022 ) , while the presence and size of PE 
was not associated with signs of rapid progressive disease, ADPKD genotype, patient age, body mass index and other 
clinical parameters. Exploratory investigation of individual characteristics of PE patients by regression tree analysis 
suggested renal functional impairment, sex and proteinuria as candidate variables. 

R

©
C
a

eceived: 30.3.2023; Editorial decision: 4.7.2023 

The Author ( s ) 2023. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative 
ommons Attribution-NonCommercial License ( https://creativecommons.org/licenses/by-nc/4.0/ ) , which permits non-commercial re-use, distribution, 
nd reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com 

2041 

https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfad181
https://orcid.org/0000-0003-1880-291X
mailto:Schmitt.Roland@mh-hannover.de
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


2042 J.S. Jost et al .

Conclusions. PE prevalence in our cohort was lower than previously reported and showed a clear female preponderance. 
Our data suggest that patients with PEs > 10 mm deserve further attention, as they may have additional 
non-ADPKD-related pathologies. 

LAY SUMMARY 

Autosomal dominant polycystic kidney disease ( ADPKD ) has numerous extrarenal manifestations. Pericardial 
effusion ( PE ) may be an underrecognized complication, with a reported prevalence of up to 35%. Our study evaluates 
the prevalence of PE and associated risk factors in an ADPKD cohort outside the USA. In 208 clinically stable ADPKD 

patients we detected PE in 17 patients ( 8.2% ) . The overall prevalence of PE was 6.3%, with more females being affected. 
The PE mean size was 6.8 ± 3.3 mm. The prevalence of autoimmune diseases was higher in the patients with PE, 
while the presence and size of the PE was not associated with signs of rapid progressive disease, ADPKD genotype, 
patient age, body mass index and other clinical parameters. Exploratory investigation by regression tree analysis 
suggested renal functional impairment, sex and proteinuria as candidate variables for PE. Our data suggest that 
patients with PEs > 10 mm deserve further attention, as they may have additional non-ADPKD-related pathologies. 

Keywords: autosomal dominant polycystic kidney disease, extrarenal manifestation, female preponderance, pericardial 
effusion, prevalence 
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NTRODUCTION 

utosomal dominant polycystic kidney disease ( ADPKD ) is the 
ost common inherited kidney disease, affecting up to 12.5 mil- 

ion people of all races worldwide [ 1 , 2 ]. The disease-defining 
anifestation is the formation of renal cysts, leading to struc- 

ural defects, enlargement of the kidneys and a decrease in renal 
unction [ 3 ]. Additionally, ADPKD is associated with numerous 
xtrarenal cystic and non-cystic manifestations. The most com- 
on include arterial hypertension, hepatic and pancreatic cysts,

ntracranial vascular aneurysms and cardiac valvular complica- 
ions. There are also less-common complications such as vas- 
ular dissections, coronary artery aneurysms and aneurysms of 
he splenic or popliteal arteries [ 4 , 5 ]. In 2007, pericardial effu- 
ion ( PE ) was first described as an extrarenal manifestation with 
 prevalence of up to 35% [ 6 ]. Recently, Liu et al . [ 7 ] reported a
econd US cohort exhibiting a PE prevalence of 21%. 

The aetiology of PE in ADPKD is poorly understood. Qian 
t al . [ 6 ] found no association between PE and renal dysfunction 
nd suggested that defects in polycystin-1, a large integral 
lycoprotein encoded by the PKD1 gene, and in polycystin-2 
rotein, a non-selective calcium channel encoded by the PKD2 
ene, are directly involved in the molecular pathogenesis of PE 
 2 , 8 ]. Polycystins are expressed not only in renal tubules, but 
lso in other epithelial and endothelial cells throughout the 
ody and have important roles in cell adhesion and extracellu- 
ar matrix regulation, explaining the risk for connective tissue 
efects in ADPKD patients [ 9 ]. 
The objective of our study was to evaluate the prevalence of 

E in a representative real-world ADPKD cohort outside the USA.
y analysing clinical characteristics of affected patients, we fur- 
her aim to identify potential risk factors for the development of 
E. 

ATERIALS AND METHODS 

tudy design and population 

ata was acquired from the specialized ADPKD outpatient clinic 
f Hannover Medical School after approval from the local ethics 
ommittee ( 10429_BO_K_2022 ) . Data and imaging were collected 
etrospectively for all ADPKD patients with written informed 
onsent and abdominal magnetic resonance imaging ( MRI ) or 
omputed tomography ( CT ) scans who presented during the 
eriod from December 2012 through December 2021. Scans 
ere run to evaluate patients’ kidney volumes and disease 
rogression. 

maging analysis 

ll available abdominal MRI and CT images with sufficient inclu- 
ion of low cardiac and pulmonary fields were evaluated for the 
resence of PE in coronal, axial and sagittal sections with the ra- 
iology DICOM viewer Visage 7 ( Visage Imaging, San Diego, CA,
SA ) . For the evaluation of MRIs, T2-weighted sequences with 
at suppression were used. Measurement of PE was performed 
n several axial levels. A dilation of pericardial fluids ≥4 mm was
efined as a significant PE. The PE was quantified by measuring 
he largest dimension ( shown in Fig. 2 ) . In a subgroup of 52 pa-
ients ( 25% ) , repetitive imaging was available for PE evaluation.
mage reading and measurements were carried out by a medical 
octoral candidate ( J.S.J. ) and board-certified radiologist ( T.F.K. ) 
s a consensus read. 

aboratory data collection and medical records 

he subjects with and without PE were compared based on 
he following parameters: age, sex, body mass index ( BMI ) ,
resence of hypertension, intake of antihypertensive therapy 
 grouped into different classes ) , presence of autoimmune and 
ystemic inflammatory diseases ( e.g. systemic lupus erythe- 
atosus, Sjögren’s syndrome, sarcoidosis, systemic sclerosis,
ystemic vasculitis, rheumatoid arthritis, psoriasis arthritis ) ,
ardiac ( left ventricular hypertrophy, valvular complications,
ardiac arrhythmia ) and vascular complications ( aneurysms,
issections ) [ 10 ]. If repetitive MRI or CT scans were available,
ata were collected from the first scan. Serum creatinine, serum 

ystatin C, serum urea, serum C-reactive protein ( CRP ) , esti- 
ated glomerular filtration rate ( eGFR ) based on serum crea- 

inine/serum cystatin C using the Chronic Kidney Disease Epi- 
emiology Collaboration ( CKD-EPI ) equation, the decrease in 
GFR per year and the decrease in eGFR over 5 years, as well
s the presence of proteinuria ( > 0.12 g/l ) , were also extracted.
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Total population
(n = 286)

Patients with MRI or CT
(n = 208)

Patients without suitable imaging
for evaluation of PE (n = 78)

Patients without PE (n = 191)
• MRI scans (n = 171)
• CT scans (n = 20)
• Repetitive imaging (n = 46)

Patients with PE
(n = 17)

• MRI scans (n = 3)
• CT scans (n = 14)

• Repetitive imaging (n = 6)

Figure 1: Study flow chart. 
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referably, characterizing data were collected within ±6 months 
f imaging. 

The Mayo classification was calculated by web-based ap- 
lications: Mayo Clinic approximation of height-adjusted to- 
al kidney volume ( ht-TKV; https://www.mayo.edu/research/ 
ocuments/pkd- center- adpkd- classification/doc- 20094754 ) and 
enal Unit of the Royal Infirmary of Edinburgh, Scotland ( https://
scalc.io.calc/EbgTWdRdVXaqRoEk ) , depending on the availabil- 
ty of sagittal sections. Patients were classified as Mayo class 1A–
E or Mayo class 2. Furthermore, medication with tolvaptan for
atients at high risk of a rapid progression of ADPKD as well
s genotype data were extracted. Genotype data were obtained 
rom the Department of Human Genetics of Hannover Medical 
chool. 

For the PE subjects, additional data, i.e. the exact quantifi-
ation of proteinuria and albuminuria as well as the presence
f malignant tumours, the presence of hypothyroidism, thyroid- 
timulating hormone ( TSH ) level, antinuclear antibodies and in- 
ake of drugs with a PE association ( e.g. hydralazine, minoxidil,
ethotrexate and cyclosporine ) were evaluated [ 10 ]. 

tatistical analysis 

ingle variable analysis was done using two-tailed t -tests. For
ategorical parameters, the percentage ( count ) was calculated 
nd chi-squared tests were used for comparison. A P -value < .05
as considered statistically significant. The Spearman corre- 

ation coefficient was used to assess the correlation between 
he size of the PE and metric data such as eGFR, age and
MI ( data not shown ) . Continuous parameters are presented as
ean ± standard error of the mean ( SEM ) . For P -value–based

egression tree analysis, we used R version 4.0.2 ( R Foundation
or Statistical Computing, Vienna, Austria ) to examine potential 
ssociations of multiple potential cofactors simultaneously. All 
ther analyses were performed using Prism version 5 ( GraphPad 
oftware, San Diego, Ca, USA ) . 

ESULTS 

revalence of pericardial effusion 

 total of 286 patients diagnosed with ADPKD according to
he Pei criteria were evaluated [ 11 , 12 ]. A total of 208 patients,
ges 19–77 years, had suitable scans ( 88% MRI, 12% CT ) , i.e.
n which all four heart chambers were visible, while 78 pa-
ients were excluded from further analysis due to a lack of ad-
quate imaging ( shown in Fig. 1 , baseline characteristics shown
n Supplementary Table 1 ) . Clinical characteristics did not dif-
er in the excluded patients except for a lower prevalence 
f hypertension ( shown in Supplementary Table 1 ) . Repetitive 
maging was available for 52 patients over a mean period of
7.3 ± 44.4 months. 

Imaging analysis revealed PE in 17 patients, 2 of whom had
reviously recorded PE linked to underlying diseases apart from 

DPKD ( i.e. rheumatic disease/lymphoma and pericarditis ) . Six 
f the patients with PE had repetitive imaging, which showed
ersisting PE for four patients, while in two patients the PE had
anished in the longitudinal scan. After exclusion of the four pa-
ients with previously recorded and vanished PE, PE prevalence 
as 6.3% ( 13/208 subjects ) . 
In our cohort, the mean PE size was 6.8 ± 3.3 mm ( n = 17 ) .

E size is generally considered mild when < 10 mm, moderate
hen 10–20 mm and large when > 20 mm [ 10 ]. The 4 patients
ith previously recorded or vanished PE showed mild to moder-
te PE size ( 10.5 ± 2.4 mm ) , whereas the remaining 13 patients
ad a PE size of 5.6 ± 0.4 mm ( shown in Supplementary Table 2 ) .

ex and other cofactors 

e observed a female preponderance in patients with PE ( 82.3%;
hown in Fig. 3 a ) when compared with the overall sex ratio of our
ohort ( 62.0% female ) . Even when discounting the four patients
ith previously recorded or vanished PE, who were all female,
e found a 76.9% female:male ratio among the remaining PE pa-
ients. Considering all examined patients, this corresponded to
 PE prevalence of 7.8% in females and 3.8% in males. 

Among the subjects with PE, more patients suffered from
utoimmune diseases ( 11.8% versus 2.1%, P = .022 ) . Of note,
 diagnosis of autoimmune disease was generally established
ndependent of the diagnosis of PE, which was only detected
etrospectively in the current study. No differences were found
n age, BMI and renal function between subjects with and with-
ut PE ( shown in Table 1 ) . Within the patients with PE we found
o correlation of PE size with these metric variables. Neither
he longitudinal decrease in renal function nor Mayo subclasses
 grouped as Mayo subclasses 1A + B versus 1C + D + E ) indicated
n association with PE ( shown in Table 1 and Fig. 3 b and c ) .
hile the frequency of recorded hypertension was similar,
atients with PE showed a trend towards receiving more classes
f antihypertensive drugs ( 25.0% versus 11.5% had four or more
lasses ) and more frequent use of loop diuretics ( 18.8% versus
.4% of patients with hypertension ) ( shown in Table 1 ) . 

Genotype data, which was available for a subgroup of pa-
ients ( 31% ) , was grouped in PKD1 and PKD2 ( likely ) pathogenic
ariants and into truncating and non-truncating variants 
 shown in Table 1 ) . No difference was found in genetics between
atients with and without PE. Due to the low availability of ge-
etics in the PE group, genetics were not considered in our sta-
istical regression analysis. 

xplorative regression tree analysis 

s direct comparison of possible cofactors of PE was uninfor-
ative, we performed an explorative regression tree analysis to
haracterize patients with ADPKD-associated PE ( n = 13 ) . The
nalysis classified affected patients into three groups ( shown
n Supplementary Fig. 1 ) . The first group ( node 2 ) was char-
cterized by a slow decline in renal function. The second and

https://www.mayo.edu/research/documents/pkd-center-adpkd-classification/doc-20094754
https://jscalc.io.calc/EbgTWdRdVXaqRoEk
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad181#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad181#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad181#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad181#supplementary-data
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Figure 2: Representative axial scans of the heart showing normal pericardium ( left ) and pericardial effusion ( right ) . MRI: T2-weighted sequence. 

Figure 3: ( A ) Sex distribution in the total study population and patients with PE; females were more likely affected by PE [ n = 14/17 patients ( 82.3% ) ]. ( B ) Distribution 
of Mayo subclasses in patients without PE. ( C ) Distribution of Mayo subclasses in patients with PE. 
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hird groups ( nodes 6 and 9 ) had more rapid annual loss of 
GFR ( > 2.1 ml/min/1.73 m 

2 /year ) and more advanced CKD ( eGFR 
68 ml/min/1.73 m 

2 ) . Additional characteristics included sex,
roteinuria and coexisting autoimmune disease. 

ISCUSSION 

E is defined as a fluid volume in the pericardial space that ex- 
eeds the physiologic amount of pericardial fluid. There is little 
nformation about the prevalence of PE in the general popula- 
ion, but an analysis of the Framingham cohort [ 13 ] suggested a 
revalence of 6.5% in adult men and women and Qian et al . [ 6 ]
eported a prevalence of 4% in healthy kidney donors. In our co- 
ort of 208 ADPKD patients, we observed a PE prevalence of 8.2% 

r 6.3% ( after correction for potential confounders ) . While this 
s close to the prevalence in the Framingham cohort, it is higher
han the reported prevalence in kidney donors and much lower 
han the previously published numbers in ADPKD patients. Qian 
t al . [ 6 ] reported a prevalence of 35% in 60 ADPKD patients and
iu et al . [ 7 ] reported a prevalence of 21% in 117 ADPKD patients.

Several differences between the previous ADPKD studies and 
ur study need to be considered when interpreting this discrep- 
ncy. First, our cohort consisted of stable ADPKD patients in 
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Table 1: Baseline characteristics of subpopulations with and without PE ( n = 208 ) . 

Characteristics Patients without PE Patients with PE P -value 

Patients, % ( n ) 91.8 ( 191 ) 8.2 ( 17 ) 
Male, % ( n ) 39.8 ( 76 ) 17.7 ( 3 ) .07 
Age ( years ) , mean ± SEM ( n ) 43.7 ± 0.9 ( 191 ) 45.6 ± 3.8 ( 17 ) .55 
BMI ( kg/m 

2 ) , mean ± SEM ( n ) 26.1 ± 0.4 ( 188 ) 24.4 ± 0.8 ( 16 ) .16 
Serum creatinine ( μmol/l ) , mean ± SEM ( n ) 125.5 ± 6.0 ( 188 ) 110.4 ± 11.3 ( 17 ) .45 
Serum cystatin C ( mg/l ) , mean ± SEM ( n ) 1.3 ± 0.04 ( 162 ) 1.3 ± 0.1 ( 16 ) .97 
Serum urea ( mmol/l ) , mean ± SEM ( n ) 7.5 ± 0.3 ( 186 ) 6.5 ± 0.5 ( 16 ) .33 
Serum CRP ( mg/l ) , mean ± SEM ( n ) 2.6 ± 0.3 ( 185 ) 2.9 ± 1.0 ( 16 ) .75 
eGFR ( creatinine, CKD-EPI ) ( ml/min/1.73 m 

2 ) , mean ± SEM ( n ) 63.8 ± 2.0 ( 191 ) 70.2 ± 8.3 ( 17 ) .36 
eGFR ( cystatin C, CKD-EPI ) ( ml/min/1.73 m 

2 ) , mean ± SEM ( n ) 64.9 ± 2.2 ( 162 ) 62.1 ± 7.4 ( 15 ) .71 
Decrease in eGFR/year ( ml/min/1.73 m 

2 ) , mean ± SEM ( n ) 6.8 ± 0.4 ( 134 ) 6.0 ± 0.9 ( 15 ) .48 
Decrease in eGFR over 5 years ( ml/min/1.73 m 

2 ) , 
mean ± SEM ( n ) 

4.8 ± 0.3 ( 85 ) 5.2 ± 1.4 ( 10 ) .64 

Mayo subclasses, % ( n ) 
1A–B 
1C–E 
2 

29.8 ( 57 ) 
66.5 ( 127 ) 
2.1 ( 4 ) 

23.5 ( 4 ) 
76.5 ( 13 ) 
0.0 ( 0 ) 

.52 

Genetics available, % ( n ) 
PKD1 variants 
Truncating PKD1 variants 
PKD2 variants 

31.9 ( 61 ) 
80.3 ( 49 ) 
57.1 ( 28 ) 
26.2 ( 16 ) 

29.4 ( 5 ) 
80.0 ( 4 ) 
75.0 ( 3 ) 
40.0 ( 2 ) 

.83 

.99 

.49 

.51 
Hypertension, % ( n ) 83.2 ( 159 ) 94.1 ( 16 ) .24 
Antihypertensive drugs, % ( n ) 
ACE inhibitors/ARBs, % ( n ) 
Calcium channel blockers, % ( n ) 
MCR antagonists, % ( n ) 
β1AR antagonists, % ( n ) 
Thiazides, % ( n ) 
Loop diuretics, % ( n ) 
α1AR antagonists, % ( n ) 
α2AR agonists, % ( n ) 
Vasodilators, % ( n ) 
Antihypertensive drugs ( 1–3 classes ) , % ( n ) 
Antihypertensive drugs ( ≥4 classes ) , % ( n ) 

98.7 ( 157 ) 
94.9 ( 149 ) 
44.0 ( 69 ) 
5.1 ( 8 ) 

35.7 ( 56 ) 
21.7 ( 34 ) 
6.4 ( 10 ) 
4.5 ( 7 ) 
5.7 ( 9 ) 
1.3 ( 2 ) 

88.5 ( 139 ) 
11.5 ( 18 ) 

100.0 ( 16 ) 
100.0 ( 16 ) 
43.8 ( 7 ) 
0.0 ( 0 ) 
31.3 ( 5 ) 
12.5 ( 2 ) 
18.8 ( 3 ) 
6.3 ( 1 ) 
18.8 ( 3 ) 
0.0 ( 0 ) 

75.0 ( 12 ) 
25.0 ( 4 ) 

.65 

.36 

.98 

.36 

.72 

.39 

.07 

.75 
.051 
.65 
.12 

Tolvaptan therapy, % ( n ) 
No tolvaptan therapy, but recommendation, % ( n ) 

4.2 ( 8 ) 
49.2 ( 94 ) 

5.9 ( 1 ) 
41.2 ( 7 ) 

.74 

.53 

Proteinuria > 0.12 g/l, % ( n ) 34.6 ( 66 ) 29.4 ( 5 ) .67 
Autoimmune diseases, % ( n ) 2.1 ( 4 ) 11.8 ( 2 ) .022 
Cardiac complications, % ( n ) 5.2 ( 10 ) 5.9 ( 1 ) .91 
Vascular complications, % ( n ) 4.7 ( 9 ) 5.9 ( 1 ) .83 

ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; MCR: mineralocorticoid receptor; β1AR: beta-1 adrenergic receptor; α1AR: alpha-1 adrenergic 
receptor; α2AR: alpha-1 adrenergic receptor. 
A p -value < .05 was considered statistically significant in bold. 
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he outpatient clinic. We did not include imaging from hospi-
alized or acutely ill patients. Instead, imaging was performed 
or baseline evaluation as a tool to evaluate the risk of rapid
DPKD progression based on the measurement of total kidney 
olume. It is therefore possible that our patient population had
 lower comorbidity load leading to a lower PE risk. Baseline
haracteristics of the patients with PE, such as age, kidney func-
ion and BMI, were comparable between the three studies, ex-
ept for higher serum creatinine mean values in the study of
ian et al . [ 6 ], which most likely resulted from single outlier
atients [ 7 ]. 
Second, both previous studies were conducted in US cohorts,

hile our study is the first analysis of a cohort in Europe. It is
ossible that the higher racial and ethnic diversity in the US co-
orts might have played a role. Beyond ethnicity, lifestyle and
nvironmental factors might be involved. Another factor could 
e the treatment of comorbidities ( e.g. hypertension and consec- 
tive left ventricular hypertrophy ) . 
Third, we chose a stringent cut-off of ≥4 mm, based on radio-
ogical criteria, to differentiate between a physiologic amount of
ericardial fluid versus a pathologic effusion. The normal peri-
ardial cavity contains physiologically < 35 ml of serous pericar-
ial fluid, acting as a lubricant and allowing the two pericardial
ayers to smoothly slide over each other [ 14 ]. A pericardial width,
he distance between the two pericardial layers, is pathologic
hen it is ≥4 mm [ 14 , 15 ]. Qian et al . [ 6 ] used a very sensitive cate-
orization and considered a pericardial width ≤3 mm as proof of
ow-grade PE and > 3–< 5 mm as medium-grade PE. By subtract-
ng low- and medium-grade PE from their data, PE prevalence
rops from 35 to 17%. This is comparable to the 21% prevalence
eported for the cohort by Liu et al . [ 7 ], who considered a fluid
ignal in the pericardial space of > 5 mm. 

An important observation of our study was a clear female
reponderance among the PE patients. Comparable to our
ex ratio, Liu et al . [ 7 ] reported a similar pattern with 70.8%
emales among their ADPKD patients with PE. Although the
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7  
verall female:male ratio was more balanced in the study by 
ian et al . [ 6 ] ( 11 females and 10 males ) , the sex ratio was not
eported separately for different grades of PE and it would be 
nteresting to test for an increased female representation in the 
roup with higher-grade PE ( > 5 mm ) . There are many different 
etiologies for PE, including infectious, autoimmune, neoplastic,
etabolic ( i.e. hypothyroidism ) and drug-related causes [ 16 ].
emale preponderance was also observed for diseases apart 
rom ADPKD, i.e. according to Laufer-Perl et al . [ 17 ] in acute 
diopathic pericarditis and myopericarditis with 68% versus 
5%. Additionally, autoimmune diseases and hypothyroidism 

re more common in women and their coexistence in female 
DPKD patients could cause a study bias [ 10 , 18 ]. However, after 
ontrolling for all possible aetiologies, the phenomenon of PE 
emained more common in our female patients. 

Apart from autoimmune diseases and sex, we found no strik- 
ng clinical characteristic in the PE patients in the descriptive 
tatistical analysis but a trend in more frequent use of loop di- 
retics. This might indicate a state of overall hypervolaemia in 
he PE patients. 

For characterization of PE patients, we employed an explo- 
ative regression tree analysis. The analysis suggested three 
ubgroups of patients with a similar likelihood for PE within 
ach group. Potential predictive parameters included annualized 
GFR decline, stage of CKD, as well as sex and proteinuria. Ac- 
ording to these data, a unifying pathophysiological hypothesis 
or PE in ADPKD is still lacking. Larger patient numbers will be 
eeded to study these parameters in more detail. 
Several limitations of this study must be considered. The first 

imitation is the relatively small number of patients with PE.
or this reason, it is possible that we missed potential predic- 
ors of PE occurrence and cannot draw firm conclusions about 
nvolved mechanisms. It is a retrospective single-centre cohort 
tudy without a control group, thus bias concerning patient se- 
ection cannot be excluded. Regarding the imaging modalities,
here was no specific cardiac imaging, but we used the cranial 
ection of abdominal MRI ( 88% ) or abdominal CT scans ( 12% ) to 
valuate the pericardial field. Although CT, as well as MRI, have 
n important role in the detection of pericardial pathologies, MRI 
s the more reliable imaging modality for the detection of car- 
iac diseases or pericardial abnormalities [ 19 ]. We are confident 
bout imaging quality, as we were able to detect small PEs with 
oth modalities and estimate that the risk to ignore medium- 
ized or large PEs should be relatively low irrespective of the 
maging modality ( MRI versus CT scans ) . 

Summing up, our study showed a significantly lower preva- 
ence of PE in patients with ADPKD compared with previ- 
us studies. Based on our observations in a real-world out- 
atient cohort, we propose that a PE of at least moderate 
ize ( > 10 mm ) should receive further clinical attention in or- 
er to exclude ADPKD independent aetiologies. Therefore, as 
iscussed by Lazaros et al . [ 20 ], workup of asymptomatic PE 
hould at least consist of medical history, clinical examina- 
ion, electrocardiography and routine blood tests including CRP,
uling out a bacterial aetiology ( including tuberculosis ) . Fi- 
ally, echocardiography is recommended as follow-up every 2–
 weeks to 3–6 months depending on the chronicity of the 
ffusion. 

UPPLEMENTARY DATA 
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