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ABSTRACT (225words)

In recent years, simple renal cysts have been iassdavith an increased risk of aortic
aneurysms. There is little data regarding aorigtidin in patients with autosomal dominant
polycystic kidney disease (ADPKD). The aim of teiady was to compare Sinuses of
Valsalva (SoV) and tubular ascending aorta diameteADPKD patients with matched
controls. From 2008 to 2016, 61 consecutive ADPKigmts who had an echocardiogram
performed in our institution were matched 1:1 vgtimtrols for sex, age, blood pressure and
beta-blocker therapy use. SoV and tubular asceratin@g were measured at end-diastole,
using the leading-edge to leading-edge convenRaired t-tests were used for quantitative
variables and McNemar-tests for qualitative vagablrhemean age of patients was 56+12
years, 54% were men, 38% received beta-blockedsirazan systolic and diastolic BP were
137425 and 78+19 mmHg. SoV diameters were sigmifigdarger in ADPKD patients than
in controls (36.4+4.1 versus 34.0+£3.7 mm, p< 0.000he Z-scores (normalized for sex, age
and body surface area) were significantly highekDPKD patients, both for SoV and
tubular ascending aorta. Moreover, aortic aneuryssislefined by a Z score>2 standard
deviations, were present in 27 ADPKD patients (44&s¥sus 9 controls (15%, p<0.001). In
conclusion, there is an increased prevalence éicareurysms in ADPKD patients as

compared to controls matched for common confountintprs for aortic dilation.
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INTRODUCTION

Autosomal dominant polycystic kidney disease (ADPK&£the most common
inherited kidney disease, affecting around 1 i®@,dividuals.(1)n ADPKD, the high
prevalence of intracranial aneurysms has led tedbemmendation of early detection and
intervention in these patients.(2) Few studies Hawased on other vascular abnormalities in
patients with ADPKD, such as aortic aneurysms.(A,8cent population-based cohort study
found thatADPKD patients had a 5-fold greater risk for aodieurysm and dissection
occurrence, as compared to their non-ADPKD couargs{p<0.0001). However, there was
no information regarding either laboratory datan@dications used.(4iven the lack of
evidence, specific recommendations for echocardyc screening are missing in this
population (5,6). The aims of this study were tpbcémpare aortic diameters (both at the
level of the sinuses of Valsalva (SoV) and tubakgending aorta (TAA)) in ADPKD
patients and matched controls, (ii) evaluate tleeadence of SoV and tubular ascending aorta

aneurysms in ADPKD patients and (iii) analyze thetdérs associated with aortic aneurysms.

METHODS

Between 2008 and 2016, 85 ADPKD patients weredtkat our institution. Among
them, 67 consecutive patients underwent systereatiocardiography. Since 6
echocardiographic examinations were not exploitédnl@ortic diameters, 61 ADPKD
patients were included in the analyses and mattHetbr age, sex, blood pressure (BP), and
use of beta-blocker therapy with control patient®wad undergone echocardiography within
the same time frame. Controls were recruited froenrtephrology outpatient clinic of our
institution, amongst patients in whom the diagna$iaDPKD had been ruled outlo patient

had factors other than hypertension, known to Be@ated with aortic dilation (such as



Marfan syndrome or bicuspid aortic valve) and nbaé severe aortic stenosis or
regurgitation A large proportion of ADPKD being hypertensiveipats, the controls were
matched for blood pressure to avoid bias due tticaditatation related to hypertension. The
estimated glomerular filtration rate (eGFR) wasukdted with the IDMS-calibrated
creatinine-derived MDRD equation.(7) All patienteyided their written consent for the

scientific use of their anonymous data. The studg approved by the local ethics committee.

The diagnosis of ADPKD relied on imagiagcording to the criteria proposed by Pei
et al.(6, 8)Figure 1). These criteria consist of the presence of &t l@dunilateral or
bilateral) renal cysts in individuals aged 15 to 3@ysts in each kidney in patients aged 40 to
59 years; and at least 4 cysts in each kidneynftividuals>60 years of age. As genetic
testing for ADPKD is not routinely performed inmtal practicemutation information was

not available for the majority of our patients amals therefore not analyzed in this study.

We specifically studied two different parts of thecending aorta: the SoV which
correspond to the space between the superior agpeech cusp of the aortic valve and the
dilated portion of the wall of the ascending aodad the tubular ascending aorta (TAA)
which is located just above the coronary artengglantation to the aorta until the aortic arch.
SoV and TAA were measured according to guideliriesnd-diastole, at the time of EKG, in
a strictly perpendicular plane to that of the langs of the aorta using the leading-edge to
leading-edge convention.(9)Figure 2) Measurements were performed by 2 senior
echocardiographers blinded to the diagnosis ofeptti We used the reference values for
thoracic aortic dilatation screening purposes, ating to the guidelines.(10) The Z-score
based on the publication by Campens et al (norexhlipr sex, age and body surface area
(BSA)) was obtained for both SoV and TAA.(10) Th&Mwas calculated with the Dubois
and Dubois formula.(11) An aortic aneurysm was riefi as a Z-score > 2, indicating a

diameter greater than 2 standard deviations altmvenean, as recommended.(10)



Quantitative variables were expressed as meanntlatd deviation or median (#5
75" percentiles) as appropriate, while qualitativeialales were expressed as numbers and
percentages. The concordance between the 2 blrademlogists’ results was assessed using a
Kappa test (12) Comparisons between matched gragpe made using paired t-test for
quantitative variables and Mc Nemgrtest for qualitative variables. Comparisons between
independent groups were performed using a Mann#WhitJ-test or a t-test for quantitative
variables as appropriate and a Cfeist for qualitative variables. Univariate anadysf the
predictive factors for aortic aneurysm was perfatnusing a logistic regression. Variables
with p<0.1 were entered in a multivariate analygsid selected by a backward procedure with
a threshold of p=0.05. The results were considsiguificant when two-sided p-values were
<0.05. All analyses were performed using SPSftistical software (SPSS V.23, Inc,

Chicago, IL).

RESULTS

The main characteristics of the 61 ADPKD patiemis their matched controls are
detailed inTable 1. In both groups, mean age was 56 years with 46paténts being
women. Patients in the ADPKD group had a more gesihouette, compared to their
matched controls. In the ADPKD group, 5 patientd &a intracranial aneurysm, of which 2
experienced rupture and 1 had a history of aorsisetttion of the descending thoracic aorta

associated with an aneurysm of the ascending awlnite none were reported in the control

group

We assessed the interobserver variability betweer2 readers. Reader n°2 having the

greatest experience was considered the referehee. vccording to a threshold of 40 mm



for aortic dilatation(13), both readers found nladition in 97 patients (80%), an aortic
dilatation in 17 patients (14%) and there wereatidant measures for 8 patients. There was
overall a substantial concordance as attestedkappa value of 0.77. According to a
treshold of Z-score >2 to define aortic aneurysathlveaders found no aneurysm in 81
patients (66%), an aortic aneurysm in 34 patie2®84) and there were discordant results for
7 patients: 3 patients were considered as havirapgit aneurysm for reader 2 and not
reader 1, and 4 patients as not having an aortiargam. There was overall an excellent

concordance as attested by a Kappa value of 0.87.

SoV diameters were significantly larger in ADPKDtipats than in controls
(p<0.0001), as detailed hable 1. When the SoV diameters were normalized according
equations based on the publication by Campengll)athe Z-scores were significantly
higher in ADPKD patients than in controls (p<0.0p0The histograms of Z-scores for the 2
groups as well as their density of distribution pleted inFigure 3. Although Campens
takes into account height (through BSA), SoV diargetvere also normalized for height
alone due to the taller height observed in the ADRjfoup: the indexed SoV diameters
remained significantly greater in ADPKD patientscampared with controls (p= 0.01).

A SoV diameter > 40 mm, being widely consideredtlas threshold for aortic
dilatation(13), was found in 15 ADPKD patients (26%&rsus 5 controls (8%); p<0.01. As
recommended, we relied mainly of the standardizestafe and found SoV aneurysm, as
defined by a Z score>2, to be present in 15 ADPKdDents (25%) versus 4 controls (7%);
p<0.01. The main characteristics of patients agogrtb the presence or the absence of SoV
aneurysm are presented irable 2. The 5 variables associated with SoV aneurysm in
univariate analysis were entered in the multivaretalysis. Multivariate analysis identified 2

factors associated with SoV aneurysm: a lower wefgtjusted OR=0.95 per Kg 95% ClI



[0.91-0.99]; p=0.02) and the presence of ADPKD jatjd OR=4.02 95% CI [1.22-13.27];

p=0.02), as presented in Supplementaile 1.

We equally studied diameters of the TAA, derivedcores, and prevalence of
aneurysmsTable 1). Accurate measurements of the TAA were availab/ of the 61
patients. Mean TAA diameters and Z-Scores werdafgigntly higher in the ADPKD group.
Prevalence of TAA aneurysms tended to be high#rarADPKD group, but the difference

did not reach statistical significance.

Lastly, we studied the prevalence of aortic anaugy<ither at the SoV or the TAA.
An aortic diameter > 40 mm was found in 18 ADPKDiguats (30%) versus 5 controls (8%);
p<0.0001. According to the more standardized ev@ainaising Z score, prevalence of aortic
aneurysms was significantly higher in the ADPKDwgrpas compared with controls: 44%
versus 15%; p<0.001. As presente@upplementary Table 2, univariate analysis identified
5 variables related to the presence of aortic aisens, namely a younger age, a lower weight,
a lower BSA, a lower systolic BP and the presericg®DPKD. Because of colinearity
between BSA and weight, we performed 2 multivaratalyses: the Model 1 included the
variable « BSA » while the Model 2 included theiahle « weight ». Multivariate Model 1
identified 3 factors associated with an aortic ayem: the presence of ADPKD (adjusted
OR=5.04 95% CI [1.97-12.91]; p=0.001), a lower B@Ajusted OR=0.08 95% CI [0.008-
0.74]; p=0.03), and a younger age (adjusted OR=8594 CI| [0.91-0.98]; p=0.003), as
presented irsupplementary Table 3A. Multivariate Model 2 identified 3 predictive facs:
the presence of ADPKD (adjusted OR=4.69 95% CI341.8.02]; p=0.001), a lower weight
(adjusted OR=0.96 95% CI [0.93-0.99]; p=0.02) arydanger age (adjusted OR=0.95 95%

C1[0.91-0.99]; p=0.007), as presentedsipplementary Table 3 B.

Interestingly, in both models, the most importawtér was the presence of ADPKD.



DISCUSSION

We found that ADPKD patients had significantly ieased aortic diameters (both SoV
and TAA) as compared with controls matched on agg, BP, and beta-blocker therapy.
Given the slender morphotype of ADPKD patients,neamalized the SoV diameters for
height and the difference between groups remaiiggdfisant. After normalization of the
diameters for age, sex, and BSA (Campens Z-scahesg was still a significant difference
between groups. Finally, we found that 44% of ADPg&ients versus only 15% of control
patients exhibited an aortic aneurysm, a signitichifierence. In multivariate analysis,

ADPKD was the strongest predictive factor for theggnce of an aortic aneurysm.

Diverse vascular manifestations such as aneurysdisradissections have been
reported in ADPKD, mainly involving the intracrah&teries, but also the aorta and the
cervicocephalic, vertebral and coronary arteridsl@&) The presence of this wide array of
vascular abnormalities has led to the hypothesisghblycystins, the proteins encoded by the
PKD genes andxpressed in vascular smooth muscle celight be required to maintain
vascular integrity.(1,17-19) In the present stumhsides the increased prevalence of SoV and
TAA aneurysms, 1 patient in the ADPKD group expecid an aortic dissection of the
descending aorta. He had undergone no previousaatiographic screening and had
received no beta-blocker therapy before the dissedEchocardiographic examination
revealed an associated ascending aorta aneufymrprevalence of intracranial aneurysms is
known to be more frequent in ADPKD patients, hetieerecommendation for detection in
affected relatives.(2,20,21) this study, 5 patients (9%) in the ADPKD growman
intracranial aneurysm, of whom 3 had an assocabetic aneurysm. There was no significant
association between intracranial aneurysm andcadittition given the limited number of

patients, but this raises the question of a diffuserial vulnerability.



In this study, we found that ADPKD patients exteblita more slender silhouette than
their matched controls, with a taller height andesar trend towards a lower weight. This
result requires confirmation in a larger cohort kaises, as have previous studies, the
guestion of a relationship between ADPKD and Mailfae features.(22-24) Furthermore,
ADPKD patients presented with significantly more/Sameurysms, as compared with
controls, while the difference regarding TAA aneamg did not reach significance.
Interestingly, the typical morphology of aorticatibn in Marfan syndrome predominantly
affects the SoV whereas in hypertensive patienssaih unusual finding, with TAA
aneurysms being more common. No genetic associagitmeen the Marfan syndrome and
ADPKD has been shown (25) but a clinical spectrdimonnective tissue disorders that
contains elements of Marfan syndrome, such astskesigns and aortic dilation, has been
described in ADPKD patients.(26) The slender motgb® of ADPKD patients and the
hypothesis of a diffuse arterial disease deserbe texamined in more detail in future studies.

The following limitations should be acknowledgedrsty, due of the single-centre
nature of this study conducted in a large nephiodgand cardiological tertiary center,
referral bias cannot be excluded. The control sibjeeflect the population treated in the
nephrology department. Secondly, the retrospeaotatare of this study led to the exclusion of
patients with no or incomplete echocardiographyaddtirdly, mutation information for
ADPKD patients was not available since the diaghosiies on clinical criteria and genetic
testing is therefore rarely performed in routineickl practice. Finally, the limited number of
patients with aortic aneurysms leads us to consigeresults of the multivariate analysis with

caution.

The high prevalence of aortic aneurysms amongstkiDPatients raises the question
of the need for specific echocardiographic scregmrthese patients. Currently, there is no

such recommendation. A recent paper showed thatkADpatients had &-fold greater risk
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for aortic aneurysm and dissection occurrencepagpared to non-ADPKD patients, in line
with some evidence in preclinical murine models.(4,27@ Tinderstanding of the
pathogenesis of the vascular manifestations of ADP&mains however extremely limited.
Larger prospective studies are needed to configselpreliminary results and support larger
screening of ADPKD patients for aortic aneurysmsaly, beta-blockers are indicated for
the initiation and maintenance of antihypertensigatment and are the preferred class of
drugs in case of aortic aneurysm, according td&tB€ guidelines.(28) Given the high
prevalence of both hypertension and aortic anewsyamPADPKD patients, it could be useful

to use beta-blockers on top of ACEI/ARBSs in thistigalar population.
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FIGURE LEGENDS

Figure 1: Imaging of ADPKD using renal US (Panels A& B) and MRI (Panels C& D)

Figure 2: Echocardiographic assessment of aorta diameters (first arrow corresponds to

SoV and second arrow to tubular ascending aorta).

Figure 3: Histograms of the distribution of Z scoresfor SoV in ADPKD and control

groups (panels A & B respectively). Density of distribution in both groups (panel C).
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Table 1: Main clinical and echocar diogr aphic char acteristics of the Autosomal

Dominant Polycystic Kidney Disease (ADPK D) population and of the matched controls.

Variable ADPKD group Control group P
(n=61) (n=61)
Age (years) 56.0+12.4 56.8+12.4 0.12
Female 28 (46%) 28 (46%) 1
Height (cm) 170 +9 167 +10 0.001
Weight (kg) 71+16 76 £16 0.08
Body surface area (n 1.8+0.2 1.9+0.2 0.18
Systolic blood pressure (mmHgQ) 137 £ 25 133+ 23 230.
Diastolic blood pressure (mmHg) 78 £19 79 +£13 90.8
Known hypertension 56 (92%) 49 (80%) 0.07
Smoker 8 (13%) 5 (8%) 0.55
Diabetes Mellitus 7 (12%) 10 (16%) 0.61
Dyslipidemia * 23 (38%) 23 (38%) 1
Coronary artery disease ** 6 (10%) 7 (12%) 1
Aortic dissection 1 (2%) 0 1
Intracranial aneurysm 5 (8%) 0 0.06
Estimated glomerular filtration 42,2 +23.1 459+ 22.3 0.39
rate (mL/min/1.73 m?)
Treatments
Beta-blockers 23 (38%) 23 (38%) 1
Angiotensin receptor blocker 21 (34%) 32 (52%) 060.
Angiotensin converting cnzyme 16 (26%) 11 (18%) 0.41
inhibitor
Statin 23 (38%) 32 (53%) 0.18
Insulin 4 (7%) 4 (7%) 1
Diuretics 30 (49%) 30 (49%) 1



Echocardiographic results
Sinuses of Valsalva (mm)

Sinuses of
(mm/m)

Valsalva/height

Z score (Sinuses of Valsalva)
Sinuses of Valsalva aneurysm
Tubular ascending aorta (mm)

Z score (tubular ascending aorta)

Tubular
aneurysm

ascending aorta

Aortic aneurysm (Sinuses of
Valsalva or tubular ascending
aorta)

36.4+4.1

21.3+23

1.2+1.1
15 (25%)
33.9+4.7

12+1.2

15/57 (26%)

27 (44%)

34.0+3.7

205+1.9

0.73+1

7/57 (12%)

9 (15%)

€010

0.01

0.6001

0.01

0.05

<0.05

0.45

0.001

* Dyslipidemia: Hypercholesterolemia or hypertrighyidemia currently treated with medication

** Coronary artery disease corresponds to at leastof the following condition: angina with
coronary artery stenosis70% (or>50% for the left main artery); previous myocardidarction,
coronary angioplasty/stenting or coronary artenga®sg grafting.

Data are presented as mean + SD or n (%)



Table 2 : Patients characteristics accor ding to the presence of a Sinuses of Valsalva

aneurysm
Variable Sinuses of Valsalva Aneurysm

Yes(n=19) No (n=103) P
Age (years) 50 (43-58) 57 (48-68) 0.03
Female 8 (42%) 48 (47%) 0.72
Autosomal Dominant Polycystic 15 (79%) 46 (45%) 0.006
Kidney Disease
Height (cm) 174 (161-177) 167 (162-175) 0.59
Weight (kg) 64 (55-73) 74 (62-85) 0.007
Body surface area @n 1.8 (1.6-1.9) 1.8 (1.7-2.0) 0.11
Systolic blood pressure (mmHgQ) 135 (112-155) 132149) 0.65
Diastolic blood pressure (mmHg) 69 (65-96) 78 (69-8 0.42
Known Hypertension 17 (89%) 88 (85%) 0.64
Smoker 3 (16%) 10 (10%) 0.43
Diabetes Mellitus 3 (16%) 14 (14%) 0.80
Dyslipidemia 9 (47%) 38 (37%) 0.39
Coronary artery disease 3 (16%) 10 (10%) 0.43
Intracranial aneurysm 3 (16%) 2 (2%) <0.05
Aortic dissection 1(2%) 0 1
Estimated glomerular filtration 41.0 (22.6-55.6) 43.5 (30.4-57.6) 0.91
rate (mL/min/1.73 m?)
Transthoracic
echocardiography
Sinuses of Valsalva (mm) 40 (38-43) 35 (31-37) 80D
Tubular ascending aorta (mm) 34 (32-35.3) 33 (3BB- 0.21

Treatments




Beta-blockers
Angiotensin receptor blocker

Angiotensin converting enzyme
inhibitor

Statin
Insulin

Diuretics

7 (37%)
6 (32%)

4 (21%)

7 (37%)
3 (16%)

9 (47%)

38 (37%)
47 (46%)

23 (22%)

48 (47%)
5 (5%)

51 (50%)

0.26

0.90

0.43

0.08

0.86

Data are presented as mediantZ5" percentiles) or n (%).





