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Polycystic kidney disease among 4,436

intracranial aneurysm patients from
a defined population

ABSTRACT

Objective: To define the association of autosomal dominant polycystic kidney disease (ADPKD)
with the characteristics of aneurysmal subarachnoid hemorrhage (aSAH) and unruptured intracra-
nial aneurysm (IA) disease.

Methods: We fused data from the Kuopio Intracranial Aneurysm database (n = 4,436 |A patients)
and Finnish nationwide registries into a population-based series of 53 |A patients with ADPKD to
compare the aneurysm- and patient-specific characteristics of IA disease in ADPKD and in the
general |A population, and to identify risks for de novo IA formation.

Results: In total, there were 33 patients with ADPKD with aSAH and 20 patients with ADPKD with
unruptured IAs. The median size of ruptured IAs in ADPKD was significantly smaller than in the
general population (6.00 vs 8.00 mm) and the proportion of small ruptured IAs was significantly
higher (31% vs 18%). Median age at aSAH was 42.8 years, 10 years younger than in the general
|A population. Multiple IAs were present in 45% of patients with ADPKD compared to 28% in the
general |A population. Cumulative risk of de novo |IA formation was 1.3% per patient-year (vs
0.2% in the general |A population). Hazard for de novo aneurysm formation was significantly ele-
vated in patients with ADPKD (Cox regression hazard ratio 7.7, 95% confidence interval 2.8-20;
p < 0.0005).

Conclusions: Subarachnoid hemorrhage occurs at younger age and from smaller I1As in patients
with ADPKD and risk for de novo IAs is higher than in the general Eastern Finnish population.
ADPKD should be considered as an indicator for long-term angiographic follow-up in patients with
diagnosed |As. Neurology® 2017;89:1852-1859

GLOSSARY

ADPKD = autosomal dominant polycystic kidney disease; aSAH = aneurysmal subarachnoid hemorrhage; Cl = confidence
interval; CTA = CT angiography; DSA = digital subtraction angiography; HR = hazard ratio; IA = intracranial aneurysm;
KUH = Kuopio University Hospital; MCA = middle cerebral artery; MRA = MR angiography; PKD = polycystic kidney disease;
SAH = subarachnoid hemorrhage; slA = saccular intracranial aneurysm.

Autosomal dominant polycystic kidney disease (ADPKD) is a common hereditary disease with
a prevalence of 1:400-1,000 live births. It is caused by mutations in either PKD1 (~85%) or
PKD2 (~15%)." Together they are essential to vascular wall integrity and shear stress endur-
ance.” The main feature of ADPKD is formation of cysts in the tubular epithelium of the
nephron, resulting in loss of functional renal tissue, enlargement of the kidneys, and terminal
uremia. Symptoms of ADPKD include hypertension, back pain, hematuria, and infections of
the urinary tract and singular cysts. Extrarenal manifestations of the disease include intracranial
aneurysms ([As).'

[As are usually pouch-like (i.e., saccular), sometimes spindle-shaped (fusiform), dilations at
branching sites of major arteries in the circle of Willis. They are acquired lesions, most com-
monly diagnosed at around 50 years of age,’ affecting approximately 3% of the adult popula-
tion.* IA rupture leads to aneurysmal subarachnoid hemorrhage (aSAH), the most deadly
subtype of stroke.’

*These authors contributed equally to this work.
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Estimates of prevalence of unruptured IAs in
patients with ADPKD vary from 4%’ to 33%.°
Previous studies indicate that up to 6% of pa-
tients with ADPKD may have aSAH.” Our aim
was to define the association of ADPKD with
characteristics of aSAH and unruptured IA dis-
ease. We fused data from the Kuopio IA data-
base and Finnish nationwide registries into
a population-based cohort of patients with A
with ADPKD to compare the aneurysm- and
patient-specific characteristics of IA disease in
ADPKD and in the general IA population and
to identify risks for de novo IA formation.

METHODS The catchment population of Kuopio
University Hospital. The Department of Neurosurgery at
Kuopio University Hospital (KUH) is the exclusive center of both
acute and elective neurosurgery for its catchment area in Eastern
Finland. During the study period, the geographic area remained
the same, the population decreased from 824,823 to 815,093,
and the proportion of men rose from 49% to 49.5%. All the pa-
tients diagnosed with aSAH by CT or lumbar puncture in this
area are imaged angiographically and treated in KUH if not mor-
ibund or very aged. Unruptured IAs detected by screening of
IA family members or as occult findings are also referred to

KUH to be evaluated for elective occlusion by the neurovascular

[ Figure 1 Study population ]

KUH catchment population
of patients in Eastern Finland
(N=850,000)

Patients with 1A in KUH
IAD from 1/1/1980 - 1/10/2015
(n=4,436)

Patients with IA

Patients with IA

without ADPKD with ADPKD
(n=4,383) (n=53)
Patients with Patients with Patients with ADPKD
sporadic saccular 1A familial saccular IA saccular IA
(5,327 1As) (937 1As) (91 1As)
(n=3,670) (n=567) (n=51)
Patients with sporadic Patients with familial Patients with
fusiform 1A fusiform 1A ADPKD fusiform IA
(162 1As) (12 1As) (2 1As)
(n=138) (n=8) (n=2)

ADPKD = autosomal dominant polycystic kidney disease; |A = intracranial aneurysm; IAD =
intracranial aneurysm database; KUH = Kuopio University Hospital.

team. All the IA diagnoses are confirmed by 4-vessel digital sub-
traction angiography (DSA), MR angiography (MRA), or CT
angiography (CTA).%"

Kuopio IA patient and family database. The Department of
Neurosurgery maintains a database of all cases of angiographically
verified aSAH and patients with unruptured IAs admitted to
KUH since 1977 (kuopioneurosurgery.fi/). The database, pro-
spective since 1990, now includes over 4,900 patients with IA.
The clinical data on their initial treatment and follow-up visits,
alongside information on their concomitant diseases, prescribed
medications, and aneurysm-related risk factors such as smoking
and family history, are coded into an extensive list of variables.
The database is maintained by a dedicated full-time nurse coor-
dinator, who interviews all the new patients and enters follow-up
data from follow-up visits and national statistics, including causes
and circumstances on death. The criterion for saccular IA (sIA)
family is at least 2 affected first-degree relatives, and sIA disease
without family history is considered sporadic. The definition of
hypertension was based on patient announcement, known
hypertension diagnosis, or antihypertensive medication used at

the time of IA diagnosis.

Follow-up for de novo IA formation. De novo IAs were
defined as new IAs seen at a vascular location that was previously
confirmed to be clean with CTA, MRA, or DSA. Follow-up times
were calculated from the first angiography (CTA, MRA, or DSA)
to the last angiography or the first angiography showing de novo
IA formation. Decisions of selection to long-term angiographic
follow-up were made in the neurovascular team on a case-to-case

basis.

Data fusion from national registries. Using Finnish social
security numbers, the use of prescribed medications was obtained
from the national database by the Social Insurance Institution of
Finland. The database of the National Institute of Health was
consulted for ADPKD diagnoses and Statistics Finland provided
the data on causes and times of death. These data were then fused

with the Kuopio IA patient and family database.

Identification of patients with ADPKD. The Kuopio TA
database was searched for patients with ADPKD, using data from
the national database of hospital diagnoses of the National Insti-
tute of Health. The following diagnoses were identified to screen
for ADPKD: Q61.2, polycystic kidney, adult type; Q61.3, poly-
cystic kidney, nonspecified. Identified patient records were care-
fully reviewed for additional confirmation or exclusion of the
diagnosis of ADPKD. A total of 53 patients with ADPKD and
IA was identified (figure 1). Patients were defined as having
ADPKD if they had a verified diagnosis of ADPKD at any time
during the study period (January 1, 1980—October 1, 2015).

Study population of 4,436 patients with IA. The study

population consists of the following patients (figure 1):

1. Those with Finnish citizenship and of Finnish ethnicity.

2. Those who were admitted alive to KUH with intracranial
saccular or fusiform IAs or subarachnoid hemorrhage from
a saccular or fusiform IA between January 1, 1980, and Octo-
ber 1, 2015.

Previous relevant literature. In order to summarize the previ-
ous studies on the relationship between ADPKD and IA disease,
PubMed was searched for articles on studies on humans only
published in English after January 1, 1990, with the terms
(ADPKD or PKD or polycystic) and aneurysm* and (CNS or
intracranial or brain or cerebral or subarachnoid*). On June 22,
2016, this search delivered 205 hits. We included studies (1)
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examining the prevalence or characteristics of IAs or aSAH in the
ADPKD population and (2) featuring a population of 3 or more
patients with ADPKD with IAs or aSAH (3) verified by appro-
priate methods of diagnosis. Cohorts smaller than 3 patients with
ADPKD with IA, case reports, and patient questionnaire surveys
without imaging or autopsy data were excluded. From a single
cohort, the largest or most recent study was included. These

studies are presented in table 1.

Statistical analysis. IA characteristics (size, location, etiology,
morphology) and patient characteristics (age at diagnosis of 1A
and ADPKD, sex, harboring multiple IAs, and de novo IA forma-
tion) were collected from the IA database and compared between
patients with ADPKD and the general IA population. IBM SPSS
Statistics, version 22.0 (IBM SPSS, Armonk, NY) was used for
the analyses. Distributions were compared by Mann-Whitney
U test and independent samples median test. For contingency,
x* and Fisher exact test were used as appropriate. Two-tailed p
values =0.05 were considered statistically significant. Kaplan-
Meier hazard curves were plotted to visualize the effect of
ADPKD on de novo IA formation and log-rank test (Mantel-
Cox) was used to examine the difference between the curves of
the patients with ADPKD and the general IA population. Mul-
tivariable Cox regression analysis using the enter method was used
to calculate hazard ratios (HRs) and 95% confidence intervals

(CI) for de novo sIA formation with the following variables: age at

first IA diagnosis, smoking, hypertension, family history of IAs,
and ADPKD.

Standard protocol approvals, registrations, and patient
consents. This study was approved by the ethical committee of
KUH and informed consent was obtained from all patients. Data
integration from the national registries was performed with
approval from the Ministry of Social Affairs and Health of
Finland.

RESULTS Characteristics of the patients with ADPKD
with IA. In our population-based IA database of 4,436
patients with IA, there were 53 (1.2%) patients with
ADPKD (95% CI 0.9%-1.6%, 45% male). Their
clinical characteristics are shown beside the charac-
teristics of the general IA population without
ADPKD in table 2. The median age at diagnosis of
ADPKD was 48.5 years (SD 13.3). In 4 patients who
died of subarachnoid hemorrhage (SAH), the poly-
cystic kidneys were discovered postmortem. Hyper-
tension was present in 74% of patients with ADPKD
at the time of IA diagnosis. There were 12 (23%)
patients with ADPKD who had known family history
of TAs. Multiple IAs were present in 45% of the

Table 1

Previous cohorts of intracranial aneurysm (IA) and subarachnoid hemorrhage (SAH) in patients with autosomal dominant polycystic

kidney disease (ADPKD)

Publication year
19904
199215
199216
19925
199217
199418
19931°
19942°
19957
1998°
20002
200222
200322
200624
2010%°
20112
201327
201428

Type of study
Retrospective
Prospective
Retrospective
Prospective
Retrospective
Retrospective
Prospective
Prospective
Retrospective
Retrospective
Retrospective
Prospective
Retrospective
Prospective
Retrospective
Prospective
Prospective

Retrospective

ADPKD/IA/SAH  Prevalence of IA/SAH, % Mean age, y
98/NA/3 NA/3.1 (2.27) NA
75/6/NA 8.0/NA 51.4
41/41/33 NA/NA (1.72) 46.4
92/4/0 4/NA 36
142/NA/3 NA/2.1 55)
77177171 NA/NA 40
85/9/0 11/NA 453
93/10/0 10.8/NA 48.0
129/10/7 NA/6 558
63/6/3 33/4.8 58.9
15/3/1 20/6.7 58.3
43/6/0 14/NA 45.7
5INA/1,147 NA/NA (0.42) 45
92/3/2 7.1/2.2 35.6¢
647/NA/6 NA/0.9 NA
355/44/0 12.4/NA 46.5
83/12/0 16.9°/NA 46

6 749/NA/48 NA/0.71 65.3f

Means of diagnosis, IA/SAH

Risk factors for 1A

NA/CT, DSA NA

DSA/NA NA

DSA, surgery, AUT/CT, surgery, AUT  NA

CT, DSA/NA NA

NA/CT, DSA NA

CT or DSA FH, previous SAHP
MRA/NA FH of IA or SAH; PLD
MRI, MRA, DSA/NA FH of 1A

75/129 AUT NA

MRA or DSA (18) NA

MRA NA

MRA, DSA/NA FH of IA or ICH

CTA, MRA, DSA, CT NA

MRA, DSA (42)/NA NA

NA/CT, DSA NA

MRA, DSA/NA FH of IA/SAH, age, HT
MRA, CTA/NA NA

NA NA

Abbreviations: AUT = autopsy; CTA = CT angiography; DSA = digital subtraction angiography; FH = family history; HT = hypertension (duration, y); ICH =
intracranial hemorrhage; MRA = MR angiography; NA = not available/not applicable; PLD = severe polycystic liver disease; SAH = subarachnoid

hemorrhage.

2Prevalence of ADPKD in SAH, %.

bRisk factors for SAH.

°The cohort consisted of cadavers; mean age in the cohort at death.
¢Mean age given among the screened, not available among the rest.
¢ Also including 2 patients with history of aneurysmal SAH.

fMean age at start of dialysis, duration of which not specified.
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Table 2

Comparison of characteristics among patients with autosomal dominant polycystic kidney disease

(ADPKD) with aneurysmal subarachnoid hemorrhage (aSAH), patients with ADPKD with unruptured
intracranial aneurysms (IAs), and patients with aSAH and patients with IA in the general population

No ADPKD (n = 4,383)

ADPKD (n = 53)
SAH
(n=33)
Women, n (%) 17 (52)
Age at first diagnosis, y, median (SD) 42.8 (12.6)
Age group at first diagnosis, y
<20 0(0)
20-40 12 (36)
40-50 13(39)
50-60 4(12)
>60 4(12)
Risk factors
Family history 7 (21)
Hypertension 23 (70)
Smoking, current or former 8 (24)
Multiple aneurysms 15 (46)

Values are n (%) unless otherwise specified.

patients with ADPKD, compared to 28% in the
general population (p = 0.005). The most common
IA location was the middle cerebral artery (MCA):
44% in ADPKD and 40% in the general IA pop-
ulation. Median IA size was 4.0 mm in patients with
ADPKD (n = 93) vs 6.0 mm in the general IA
population (n = 6,080; p < 0.0005). Irregular IA
morphology was present in 48% of patients with
ADPKD and 55% of the general IA population; the
difference was not significant. Ruptured IAs were
more common in patients without ADPKD in the
posterior communicating/anterior choroidal artery
location (16% vs 3%; p = 0.028). Other statistically
significant differences in IA location distribution
between the patients with ADPKD and the general
IA population were not found.

Patients with ADPKD with aSAH (n = 33). The median
age at aSAH diagnosis in patients with ADPKD (n =
33, 48% male) was 42.8 years, significantly younger
than in the general population (52.8 years; p =
0.002). Percentage of patients with aSAH with
ADPKD <35 years was 3.2%, but in patients =55
years it was only 0.4%. In 18 (55%) patients with
aSAH, ADPKD had not been diagnosed before the
aSAH occurred. The age at first diagnosis of ADPKD
was known for 17 patients with aSAH, with a median
of 42 years. Multiple IAs were present in 46% of
patients with ADPKD with aSAH compared to
28% in the general aSAH population (p = 0.024).
The 15 patients with aSAH had a total of 25 addi-
tional unruptured IAs at initial diagnosis. Median size

Unruptured IA SAH Unruptured IA
(n =20) (n = 2,962) (n =1,421)
12 (60) 1,627 (55) 785 (55)
50.0 (9.6) 52.8 (13.3) 57.8 (12.6)
0(0) 22(0.7) 9 (0.6)
2(10) 479 (16) 114 (8)

8 (40) 763 (26) 256 (18)

8 (40) 807 (27) 414 (29)
2(10) 891 (30) 628 (44)

5 (25) 314 (11) 261 (18)
16 (80) 901 (30) 588 (41)

6 (30) 835 (28) 576 (41)

9 (45) 821 (28) 399 (28)

of ruptured TAs was significantly smaller (6.00 mm)
in patients with ADPKD than in other patients with
aSAH (8.00 mm; p = 0.031). Size and other charac-
teristics of [As in ADPKD and in the general IA
population are described in detail in table 3. The
most common locations for ruptured IAs were the
anterior communicating artery (44%) and MCA
(39%). Ruptured IA shape was confirmed to be irreg-
ular in 89% of patients with ADPKD vs 88% of other
patients with aSAH. One of the ruptured IAs in pa-
tients with ADPKD was fusiform.

Patients with ADPKD with unruptured IAs (n = 20).
The most common location for unruptured IAs was
the MCA (48% in ADPKD, 47% in controls) (table
3). Median size of unruptured IA was 4.00 mm in
both groups. Unruptured IA shape was irregular in
24% vs 23%. Only one unruptured fusiform IA was
found in patients with ADPKD.

Incidence of de novo sIAs. Patients were followed up
for a total of 20,645 patient-years with a median
follow-up of 6.3 years. Eight de novo IAs were
diagnosed in 5 patients with ADPKD a median of 10
years after the initial diagnosis. All of them were
women (p = 0.044) and had originally presented
with an aSAH at their first diagnosis. Two patients
had second aSAH from a de novo aneurysm. The
cumulative risk of de novo IA formation was 1.3%
per patient-year for patients with ADPKD and
aSAH and 0.2% in the general aSAH population of
Eastern Finland. In the Kaplan-Meier analysis, the
cumulative hazard for de novo IA formation in
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Table 3 Comparison of characteristics between aneurysms of patients with autosomal dominant polycystic
kidney disease (ADPKD) and the general intracranial aneurysm population

ADPKD
Ruptured
(n = 36)
Size, mm
<4 5(14)
4-6 11 (31)
6-8 7 (19)
8-10 5(14)
>10 7 (19)
Size, mm, median (SD) 6.00 (3.03)
Location, n (%)
ICA bifurcation 1(3)
PCom/anterior choroidal 1(3)
artery
Ophth ICA 0
Extradural ICA 1(3)
ACom 16 (44)
Pericallosal artery 2(6)
MCA 14 (39)
Basilar apex/SCA 1(3)
Vertebral artery/PICA 0
Other 0
Shape
Irregular 32 (89)
Smooth 2(6)

No ADPKD
Unruptured Ruptured Unruptured
(n=59) (n=3,122) (n =3,337)
23 (39) 240 (8) 1,197 (36)
22 (37) 576 (18) 835 (25)
8 (14) 621 (20) 434 (13)
1(2) 470 (15) 240 (7)
4(7) 999 (32) 468 (14)
4.00 (2.47) 8.00 (6.06) 4.00 (6.84)
4(7) 112 (4) 126 (4)
6 (10) 509 (16) 395 (12)
3(5) 48 (2) 160 (5)
0 6(0.2) 167 (5)
9(15) 932 (30) 400 (12)
6 (10) 161 (5) 159 (5)
28 (48) 1,031 (33) 1,581 (47)
3(5) 177 (6) 235(7)
0 101 (3) 56 (2)
0 45 (1) 58 (2)
14 (24) 2,753 (88) 772 (23)
43 (73) 250 (8) 2,476 (74)

Abbreviations: ACom = anterior communicating artery; ICA = internal carotid artery; MCA = middle cerebral artery; Ophth
ICA = ophthalmic segment of ICA; PCom = posterior communicating artery; PICA = posterior inferior cerebellar artery;

SCA = superior cerebellar artery.

Values are n (%) unless otherwise specified. Data on aneurysm shape were available on 34 ruptured ADPKD, 57
unruptured ADPKD, 3,003 ruptured non-ADPKD, and 3,248 unruptured non-ADPKD aneurysms. Data on size were
available on 35 ruptured ADPKD, 58 unruptured ADPKD, 2,906 ruptured non-ADPKD, and 3,174 unruptured non-ADPKD

aneurysms.

patients with ADPKD was significantly higher (log-
rank » < 0.001) than in the general IA population
(figure 2). In multivariable Cox regression model with
age, smoking, hypertension, and family history of IAs
and ADPKD as variables, ADPKD was an independent
risk factor for de novo IA formation (HR 7.7, CI 95%
2.8-20; p < 0.0005). Other independent risk factors
were age at first presentation of IA disease (HR 0.92 per
year, 95% CI 0.92-0.97; p < 0.0005), smoking (HR
4.3, 95% CI 2.3-8.2; p < 0.0005), and female sex
(HR 2.0, 1.1-3.6; p = 0.029).

DISCUSSION We studied differences in clinical
characteristics of IA disease in a large population-
based series of 53 patients with ADPKD with IA
disease and 4,383 patients with IA without ADPKD.
The median age at aSAH for the patients with
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ADPKD was 43 years, significantly lower than in the
general IA population (53 years). In patients with
ADPKD, ruptured IAs were significantly smaller than
in the general population. De novo IA formation was
significantly more common in patients with ADPKD
than in the general IA population.

In previous cohorts, the mean age at aSAH in
ADPKD has ranged from 37 to 47 years.”'1823
Our finding of the young onset age of aSAH in
ADPKD is well in line with the previous data.

According to the Dutch meta-analysis of 53 co-
horts and 369 patients with ADPKD with IA, 9%-—
36% of ruptured IAs (n = 40) were less than 5 mm.*
In our study population, the median size of ruptured
IAs in patients with ADPKD was only 6 mm. Fur-
thermore, of the 36 ruptured IAs, 31% were 4 mm or
smaller. Our results suggest that patients with



Figure 2

Cumulative hazard

Kaplan-Meier curves of de novo aneurysm formation in patients with
autosomal dominant polycystic kidney disease (ADPKD) and patients
with intracranial aneurysm without ADPKD
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ADPKD may be at risk of aSAH from smaller IAs
than the general population. Increased rate of aneu-
rysm formation in patients with ADPKD may be
a contributing factor to this finding.

In previous studies, prevalence of multiple IAs in
patients with ADPKD and IA has varied from 0%’
to 75%. In the Dutch meta-analysis, 16% of patients
with ADPKD and IA had multple IAs.*® This is
significantly fewer than in our population, where
multiple IAs were present in 45% of the patients with
ADPKD. All the patients in our study population
underwent MRA or DSA, and even very small IAs
were discovered if present.

Previous studies have reported 1.6%%°—4.4%>'
risk per patient-year for de novo IA formation in
patients with ADPKD with previously diagnosed
sIA disease. In this study, during cumulative
follow-up of 382 patient-years, risk of de novo IA
formation after aSAH was 1.3% per patient-year. A
total of 8 de novo IAs were diagnosed in 5 patients.
The risk is significantly higher than that observed in
the Eastern Finnish IA population in general (0.2%
per patient-year). In Cox regression, ADPKD was an
independent risk factor for de novo IA formation in
addition to smoking, indicating that smoking does
not explain the elevated risk in patients with
ADPKD. However, it should be noted that risk of
de novo aneurysm formation is likely not constant
over time, but our small study population does not
allow reliable calculation of de novo formation rates
for specific age groups.

Of the 148 patients with fusiform IA in the Kuo-
pio IA database, 2 (1.4%) also have ADPKD, slightly
higher than the percentage of ADPKD carriers among
patients with sIA (1.2%). Few fusiform IAs in pa-
tients with ADPKD have been reported in the litera-

1630 probably due to their rarity. It seems

ture,
probable that patients with ADPKD are prone to
fusiform IAs as well, either by the weakened vessel
wall due to the polycystin defect or by hypertension
(and subsequent arteriosclerosis) provoked by the
disease.

It is unlikely that there were patients with IA with
autosomal recessive polycystic kidney disease (PKD)
among our IA population. Recessive PKD is rare at
1 in 20 000 live births, and is usually characterized
by more aggressive kidney disease and hepatic fibrosis
manifesting in utero or in infancy.’ None of our
patients with PKD developed end stage renal disease
or severe portal hypertension at a young age.

In this study population, ADPKD was often diag-
nosed after the IA disease (55% of the aSAH group),
even though the disease is congenital. It is likely some
of the patients now perceived as having regular IA will
be diagnosed with ADPKD in the future. Further-
more, in some patients, ADPKD remains undiag—
nosed, as in 4 of our patients the polycystic kidneys
were discovered postmortem. On the other hand,
Ronkainen et al.?? prospectively screened 438 mem-
bers of IA families in the KUH IA database with
abdominal ultrasound and discovered no undiag-
nosed cases of PKD among them. It is possible that
some patients with ADPKD are missed and consid-
ered not to have ADPKD, but the bias is not likely to
be significant. It should be noted that aSAH may be
the first symptom of ADPKD. Renal ultrasound
examination should be considered when treating
young patients with SAH, especially if they are
hypertensive.

Our results are based on a population of patients
with TA collected prospectively from a well-defined
population. However, it remains possible that the
Finnish ethnicity of the patients may have biased
our results, even though a recent study indicated that
aSAH incidence in Finland is comparable to other
Western populations.”> The number of patients with
ADPKD with de novo aneurysms was small, which
should be taken into account when interpreting the
results.

The Scandinavian governmental health care sys-
tem provides this study with significant benefits. Fin-
land is divided into mutually exclusive catchment
areas of 5 university hospitals, enabling a large and mi-
nimally biased study population. We report data from
a large population-based study of patients with
ADPKD and IA with a sizable control population.
Patients with ruptured as well as unruptured IAs are
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included. However, it remains possible that Finnish
ethnicity may reduce the generalizability of the results
and the findings should be confirmed in other popu-
lations. The effect of ADPKD on the long-term out-
come after aSAH requires further research, and we are
planning to address that in a separate article.

SAH occurs at younger age and from smaller IAs
and risk for de novo IAs is higher in patients with
ADPKD than in the general Eastern Finnish popu-
lation. Abdominal ultrasound should be considered
when treating young patients with aSAH, especially
if they are hypertensive, to rule out undiagnosed
ADPKD. Our results suggest that ADPKD
should be considered as an indicator for long-
term angiographic follow-up in patients with diag-
nosed IAs.

AUTHOR CONTRIBUTIONS

H.J. Nurmonen: study concept and design, acquisition of data, analysis
and interpretation of data. Dr. Huttunen: critical revision of the manu-
script for intellectual content. Dr. Huttunen: critical revision of the man-
uscript for intellectual content. Dr. Kurki: critical revision of the
manuscript for intellectual content. K. Helin: acquisition of data, critical
revision of the manuscript for intellectual content. Dr. Koivisto: critical
revision of the manuscript for intellectual content. Dr. von und zu Fraun-
berg: acquisition of data, critical revision of the manuscript for intellectual
content. Dr. Jiiskeldinen: acquisition of data, study concept and design,
critical revision of the manuscript for intellectual content, study supervi-
sion. Dr. Lindgren: acquisition of data, study concept and design, analysis
and interpretation of data, critical revision of the manuscript for intellec-

tual content, study supervision.

ACKNOWLEDGMENT

Virve Kirkkiinen, PhD, provided counsel on practical implementation of

this study.

STUDY FUNDING

Study funded by The Finnish Kidney and Liver Association, The Petri
Honkanen Foundation, The Piivikki and Sakari Sohlberg Foundation,
The Maire Taponen Foundation, The North Savo Regional Fund of
Finnish Cultural Foundation, Kuopio University Hospital, and The
Academy of Finland.

DISCLOSURE

The authors report no disclosures relevant to the manuscript. Go to

Neurology.org for full disclosures.
Received March 10, 2017. Accepted in final form July 18, 2017.

REFERENCES

1. Torres VE, Harris PC, Pirson Y. Autosomal dominant
polycystic kidney disease. Lancet 2007;369:1287-1301.

2. Kim K, Drummond I, Ibraghimov-Beskrovnaya O, Klinger
K, Arnaout MA. Polycystin 1 is required for the structural
integrity of blood vessels. Proc Natl Acad Sci USA 2000;97:
1731-1736.

3.  Etminan N, Rinkel GJ. Unruptured intracranial aneur-
ysms: development, rupture and preventive management.
Nat Rev Neurol 2016;12:699-713.

4. Vlak MHM, Algra A, Brandenburg R, Rinkel GJ. Preva-
lence of unruptured intracranial aneurysms, with emphasis
on sex, age, comorbidity, country, and time period: a sys-
tematic review and meta-analysis. Lancet Neurol 2011;10:

626-630.

Neurology 89 October 31, 2017

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Chapman AB, Rubinstein D, Hughes R, et al. Intracranial
aneurysms in autosomal dominant polycystic kidney dis-
ease. N Engl ] Med 1992;327:916-920.

Konoshita T, Okamoto K, Koni I, Mabuchi H. Clinical
characteristics of polycystic kidney disease with end-stage
renal disease: The Kanazawa Renal Disease Study Group.
Clin Nephrol 1998;50:113-117.

Fick GM, Johnson AM, Hammond WS, Gabow PA.
Causes of death in autosomal dominant polycystic kidney
disease. ] Am Soc Nephrol 1995;5:2048-2056.
Huttunen J, Kurki MI, von und zu Fraunberg M, et al.
Epilepsy after aneurysmal subarachnoid hemorrhage:
a  population-based, long-term  follow-up  study.
Neurology 2015;84:2229-2237.

Huttunen J, Lindgren A, Kurki MI, et al. Antidepressant
use after aneurysmal subarachnoid hemorrhage: a popula-
tion-based case-control study. Stroke 2016;47:2242—
2248.

Huttunen T, von und zu Fraunberg M, Frésen J, et al.
Saccular intracranial aneurysm disease: distribution of site,
size, and age suggests different etiologies for aneurysm
formation and rupture in 316 familial and 1454 sporadic
Eastern Finnish patients. Neurosurgery 2010;66:631-638.
Lindgren AE, Kurki MI, Riihinen A, et al. Type 2 diabetes
and risk of rupture of saccular intracranial aneurysm in
Eastern Finland. Diabetes Care 2013;36:2020-2026.
Lindgren AE, Kurki MI, Riihinen A, et al. Hypertension
predisposes to the formation of saccular intracranial aneur-
ysms in 467 unruptured and 1053 ruptured patients in
Eastern Finland. Ann Med 2014;46:169-176.

Lindgren AE, Riisinen S, Bjorkman ], et al. De novo
aneurysm formation in carriers of saccular intracranial
aneurysm disease in Eastern Finland. Stroke 2016;47:
1213-1218.

Ryu §J. Intracranial hemorrhage in patients with polycys-
tic kidney disease. Stroke 1990;21:291-294.

Higashihara E, Aso Y, Shimazaki J, Ito H, Koiso K, Sakai
O. Clinical aspects of polycystic kidney disease. ] Urol
1992;147:329-332.

Schievink W1, Torres VE, Piepgras DG, Wiebers DO.
Saccular intracranial aneurysms in autosomal dominant
polycystic kidney disease. ] Am Soc Nephrol 1992;3:
88-95.

Rivera M, Gonzalo A, Gobernado JM, Orte L, Quereda
C, Ortuno J. Stroke in adult polycystic kidney disease.
Postgrad Med ] 1992;68:735-738.

Chauveau D, Pirson Y, Verellen-Dumoulin C, Macnicol
A, Gonzalo A, Griinfeld JP. Intracranial aneurysms in
autosomal dominant polycystic kidney disease. Kidney
Int 1994;45:1140-1146.

Huston J III, Torres VE, Sulivan PP, Offord KP, Wiebers
DO. Value of magnetic resonance angiography for the
detection of intracranial aneurysms in autosomal dominant
polycystic kidney disease. ] Am Soc Nephrol 1993;3:
1871-1877.

Ruggieri PM, Poulos N, Masaryk T7J, et al. Occult intra-
cranial aneurysms in polycystic kidney disease: screening
with MR angiography. Radiology 1994;191:33-39.
Nakajima F, Shibahara N, Arai M, Gohji K, Ueda H,
Katsuoka Y. Intracranial aneurysms and autosomal
dominant polycystic kidney disease: followup study
by magnetic resonance angiography. J Urol 2000;164:
311-313.

Graf S, Schischma A, Eberhardt KE, Istel R, Stiasny B,

Schulze BD. Intracranial aneurysms and dolichoectasia in


http://neurology.org/lookup/doi/10.1212/WNL.0000000000004597

23.

24.

25.

26.

27.

autosomal dominant polycystic kidney disease. Nephrol
Dial Transpl 2002;17:819-823.

Gieteling EW, Rinkel GJ. Characteristics of intracranial
aneurysms and subarachnoid haemorrhage in patients with
polycystic kidney disease. ] Neurol 2003;250:418-423.
Romio EA, Moysés Neto M, Teixeira SR, Muglia VF,
Vieira-Neto OM, Dantas M. Renal and extrarenal mani-
festations of autosomal dominant polycystic kidney dis-
ease. Braz ] Med Biol Res 2006;39:533-538.

Chang MY, Kuok CM, Chen YC, et al. Comparison of
intracerebral hemorrhage and subarachnoid hemor-
rhage in patients with autosomal-dominant polycystic
kidney disease. Nephron Clin Pract 2010;114:
c158-c164.

Xu HW, Yu SQ, Mei CL, Li MH. Screening for intra-
cranial aneurysm in 355 patients with autosomal-
dominant polycystic kidney disease. Stroke 2011;42:
204-206.

Niemczyk M, Gradzik M, Niemczyk S, Bujko M, Gole-

biowski M, Paczek L. Intracranial aneurysms in autosomal

28.

29.

30.

31.

32.

33.

dominant polycystic kidney disease. AINR Am ] Neuro-
radiol 2013;34:1556-1559.

Yoo DJ, Agodoa L, Yuan CM, Abbott KC, Nee R. Risk of
intracranial hemorrhage associated with autosomal domi-
nant polycystic kidney disease in patients with end stage
renal disease. BMC Nephrol 2014;15:39.

Belz MM, Fick-Brosnahan GM, Hughes RL, et al. Recur-
rence of intracranial aneurysms in autosomal-dominant
polycystic kidney disease. Kidney Int 2003;63:1824—
1830.

Heck O, Anxionnat R, Lacour JC, et al. Rupture of len-
ticulostriate artery aneurysms. ] Neurosurg 2014;120:
426-433.

Wilson PD. Polycystic kidney disease. N Engl ] Med
2004;350:151-164.

Ronkainen A, Hernesniemi ], Puranen M, et al. Familial
intracranial aneurysms. Lancet 1997;349:380-384.

Korja M, Lehto H, Juvela S, Kaprio J. Incidence of sub-
arachnoid hemorrhage is decreasing together with decreas-
ing smoking rates. Neurology 2016;87:1118-1123.

Subspecialty Alerts by E-mail!

Customize your online journal experience by signing up for e-mail alerts related to your subspecialty or
area of interest. Access this free service by visiting Neurology.org/site/subscriptions/etoc.xhtml or click
on the “E-mail Alerts” link on the home page. An extensive list of subspecialties, methods, and study

design choices will be available for you to choose from—allowing you priority alerts to cutting-edge

research in your field!

Visit the Neurology® Resident & Fellow Website

Click on Residents & Fellows tab at Neurology.org.

Now offering:

* Neurology® Resident & Fellow Editorial team information

* “Search by subcategory” option
e E-pearl of the Week
e RSS Feeds

* Direct links to Continuum®, Career Planning, and AAN Resident & Fellow pages

e Recently published Resident & Fellow articles

* Podcast descriptions

gz Find Neurology® Residents & Fellows Section on Facebook: http://tinyurl.com/o8ahsys

cwiccer - Follow Neurology® on Twitter: http://twitter.com/GreenJournal

Neurology 89 October 31, 2017

1859



Neurology

Polycystic kidney disease among 4,436 intracranial aneurysm patients from a defined

population

Heidi J. Nurmonen, Terhi Huttunen, Jukka Huttunen, et al.
Neurology 2017;89;1852-1859 Published Online before print October 4, 2017

DOI 10.1212/WNL.0000000000004597

Thisinformation is current as of October 4, 2017

Updated Information &
Services

Supplementary Material

References

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://www.neurol ogy.org/content/89/18/1852.full.html

Supplementary material can be found at:
http://www.neurol ogy.org/content/suppl/2017/10/04/WNL .0000000000
004597.DC1

This article cites 33 articles, 13 of which you can access for free at:
http://www.neurol ogy.org/content/89/18/1852.full.html##ref-list-1

This article, along with others on similar topics, appearsin the
following collection(s):

All Genetics

http://www.neurology.org//cgi/collection/all_genetics

Cohort studies

http://www.neurol ogy.org//cgi/collection/cohort_studies

Strokein young adults
http://www.neurology.org//cgi/collection/stroke _in_young_adults
Subarachnoid hemorrhage

http://www.neurol ogy.org//cgi/coll ection/subarachnoid_hemorrhage

Information about reproducing this article in parts (figures,tables) or in
its entirety can be found online at:
http://www.neurol ogy.org/misc/about.xhtml#permissions

Information about ordering reprints can be found online:
http://www.neurol ogy.org/misc/addir.xhtml#reprintsus

Neurology ® isthe official journal of the American Academy of Neurology. Published continuously since
1951, it isnow aweekly with 48 issues per year. Copyright © 2017 American Academy of Neurology. All
rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X.

AMERICAN ACADEMY OF

NEUROLOGY.



http://www.neurology.org/content/89/18/1852.full.html
http://www.neurology.org/content/suppl/2017/10/04/WNL.0000000000004597.DC1
http://www.neurology.org/content/suppl/2017/10/04/WNL.0000000000004597.DC1
http://www.neurology.org/content/89/18/1852.full.html##ref-list-1
http://www.neurology.org//cgi/collection/all_genetics
http://www.neurology.org//cgi/collection/cohort_studies
http://www.neurology.org//cgi/collection/stroke_in_young_adults
http://www.neurology.org//cgi/collection/subarachnoid_hemorrhage
http://www.neurology.org/misc/about.xhtml#permissions
http://www.neurology.org/misc/addir.xhtml#reprintsus

