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Aortic Aneurysms

R. Kadirvel, “K. Flemming, “*D.F. Kallmes, and “*'W. Brinjikji

BACKGROUND AND PURPOSE: Previous studies have suggested an association between aortic aneurysms and intracranial aneurysms
with a higher prevalence of intracranial aneurysms in patients with aortic aneurysms. The aims of the present study were to evaluate the
incidence of intracranial aneurysms in a large cohort of patients with aortic aneurysms and to identify potential risk factors for intracranial
aneurysms in this population.

MATERIALS AND METHODS: We included all patients with aortic aneurysms (either abdominal and/or thoracic) who had available
cerebral arterialimaging and were seen at our institution during a 15-year period. We identified patients with intracranial aneurysms. Patient
demographics, comorbidities, and aortic aneurysm and intracranial aneurysm sizes and locations were analyzed. Univariate analysis was
performed with a x* test for categoric variables and a Student t test or ANOVA for continuous variables.

RESULTS: A total of 1081 patients with aortic aneurysms were included. Of them, 440 (40.7%) had abdominal aortic aneurysms, 446 (41.3%)
had thoracic aortic aneurysms, and 195 (18.0%) had both abdominal aortic and thoracic aortic aneurysms. The overall prevalence of
associated intracranial aneurysms in patients with aortic aneurysms was 11.8% (128/1081), with 12.7% (56/440), 10.8% (48/446), and 12.3%
(24/195), respectively, in patients with abdominal aortic aneurysms, thoracic aortic aneurysms, and both thoracic aortic aneurysms and
abdominal aortic aneurysms. Female patients had a higher risk of associated intracranial aneurysms (OR = 2.08; 95% Cl, 149-3.03; P =
.0002). There was a slight association between abdominal aortic aneurysm size and the prevalence of intracranial aneurysms (OR = 1.02;
95% Cl, 1.01-1.03; P = .045). There was no significant association between the locations of the aortic and intracranial aneurysms (P = .93).

CONCLUSIONS: The prevalence of intracranial aneurysms is high in patients with aortic aneurysms. Further studies examining the role and
cost-effectiveness of intracranial aneurysm screening in patients are warranted.

ABBREVIATIONS: AA = aortic aneurysm; AAA = abdominal aortic aneurysm; ADPKD = autosomal dominant polycystic kidney disease; IA = intracranial aneurysm;

TAA = thoracic aortic aneurysm

he overall prevalence of unruptured intracranial aneurysms

(IAs) in the general population is estimated as 3.2%." The
overall prevalence of aortic aneurysms (AAs), with both thoracic
(TAAs) and abdominal (AAAs) aortic aneurysms, is estimated at
around 1%-2% in the general population with up to 10% preva-
lence in older age groups.” Previous studies have identified a link
between intracranial aneurysms and aortic diseases such as coarc-
tation of the aorta or a bicuspid aortic valve.”™® A few studies have
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reported an association between abdominal aortic aneurysms and
thoracic aortic aneurysms and IAs, with a higher prevalence of TA
in patients with aortic aneurysms.®”'* However, contrary to other
pathologies such as autosomal dominant polycystic kidney dis-
ease (ADPKD), which is associated with IA in 12.4% of cases, no
systematic screening for IA is proposed for patients with AA."
The aims of the present study were to evaluate the prevalence of IA
in a large cohort of patients with AA and to identify potential risk
factors for IA in this population.

MATERIALS AND METHODS

Patient Population

Following institutional review board approval, we performed a
search of our imaging and clinical data base for all patients with
clinical or radiologic notes between January 2001 and June 2015

» <«

with the key words “aortic aneurysms,” “abdominal aortic aneu-

rysm,” and “thoracic aortic aneurysm.” We selected patients who
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Table 1: Summary of baseline characteristics by AA type

these lesions are associated with a dis-

All Patients ~ AAA TAA AAAandTAA P tinct natural history and pathophysiol-
No. (%) 1081 440 (40.7) 446 (413) 195 (18.0) - ogy compared with saccular aneurysms
Mean age (yr) (SD) 693(62) 778(93) 622(7.0) 708(67) <0001 (30 patients). Partially thrombosed an-
Mean max AAA diameter 493(143) 49.6(14.4) - 48.5(14.0) - included in thi g
Mean max TAA diameter 50.2 (1) —  485(92)  545(13.8) - eurysms were included in this study. Pa-
Sex tients undergoing CTA evaluation had
Male 800(74.0) 348(79.) 310(69.5) 142 (72.8) .005 CT angiography on either 16-, 32-, or
Female 281(260)  92(209) 136(305)  53(27.2) 64-section CT scanners. MR imaging
Comorbidities
Stroke/TIA 509 (470)  236(53.6) 163(36.6)  T0(564) <.o0001 and MRAwereperformedon 1.5T or 3T
Coronary artery disease 510 (47.3)  278(63.3) 125(28)) 107 (54.9) <.0001  scanners. Each aneurysm was described
Hypertension 855(79.2) 394(89.8) 283(635)  W8(913) <0001  according to its location and maximum
Diabetes 208(193)  N9(272)  56(12.6) B69) <0001 g
Hyperlipidemia 743(68.8) 369 (84.1) 228(511) 146 (74.9)  <.0001 T
Current/former smoker 356(33.0) 214(48.8) 68(153)  74(380) <.0001 In addition to the presence of a sac-
Bicuspid aortic valve 142 (13.)) 3(07)  132(29.6) 7(3.6) <.0001  cular aneurysm, we collected the fol-
Imaging lowing baseline data: age at diagnosis
MRA 903(83.5) 373(84.8) 369(827)  161(826) .66 of the intracranial ancarvsm. sex. by
CTA 249(23.0)  94(214) 104(233) 51262) 52 ! ysm, sex, iy
DSA 14(105)  55(125)  40(9.0) 19(9.7) 34 pertension, coronary artery disease,
No. (%) with intracranial aneurysms 128 (11.8) 56 (12.7)  48(10.8) 24 (12.3) 44 diabetes mellitus, previous or current
No. of aneurysms 172 70 65 37 N tobacco use, bicuspid aortic valve, and
No. (%) of patients with multiple 30 (23.4) 14(25.0) 10(15.4) 6(25.0) 34 .. .
aneurysms hyperlipidemia.
Mean size 60(58)  54(44) 63(65) 71(7.2) 54 o )
eesidien Statistical Analysis
ICA 93(541)  36(514)  34(523) 23(62.2) 67 All categoric variables were analyzed by
ACA 16(9.3) 7(10.0)  7(10.8) 2(54) using a x” test. All continuous variables
AcomA 16(9.3) 5(7]) 8(123) 3(8.) lvzed by usinga Stud
A 24 14.0) R 7) 7008) 5 (13.5) were analyzed by using a Student # test or
Basilar artery 13(7.6) 8(N4)  3(46) 2(5.4) ANOVA. We performed a subgroup
PICA 5(2.9) 1(14) 2(3) 2(27) analysis of AA location (ie, TAA, AAA,
CCA bral ‘2‘51223)) 3?043) 3]?53) ?Eg%) or both TAA and AAA). We also deter-
ertebral artery . X . . .
Location by anterior/posterior mlnefl whether. any of th‘e ‘above-
Anterior 148 (86.0) 60(83.3) 56(86.2) 32(86.5) 99 mentioned baseline characteristics were
Posterior 24 (14.0) 10 (16.7) 9(13.8) 5(13.5) associated with the presence of intra-

Note:—Max indicates maximum; ACA, anterior cerebral artery; AcomA, anterior communicating artery; PICA, posterior

inferior cerebellar artery; PCA, posterior cerebral artery.

were 18 years of age or older who had an aortic aneurysm and
cerebral arterial imaging (CTA, MRA, or DSA). Patients with
known connective tissue diseases (ie, Marfan, Ehlers-Danlos, and
Loeys-Dietz syndromes) were excluded.

Data Collection

The diagnosis of AA was determined according to previous re-
ports for each patient. The definition of an abdominal aortic an-
eurysm was a diameter of =3.5 cm, and the diameter of a thoracic
aortic aneurysm was =4.5 cm. The location of the AA (TAA, AAA,
or both) and the size of the aneurysms were retrieved from avail-
able reports. In case the size was not reported, a radiologist mea-
sured the maximum aneurysm diameter on available examina-
tions (CT or MR imaging). The primary outcome of this study
was the prevalence of saccular intracranial aneurysms. Head CTA,
MRA, and DSA radiology reports of patients with AA read by
board-certified neuroradiologists were queried for the terms “an-
eurysm,” “dilatation,” or “saccular.” All reports that did not have
one of these terms were considered negative for aneurysms.
Among those that did have a mention of the terms in their radi-
ology reports, imaging was further evaluated to confirm the pres-
ence, location, and size of an intracranial aneurysm. This was
performed by a neuroradiologist with 4 years of training. Patients
with dissecting and fusiform aneurysms were excluded because

cranial aneurysms. Odds ratios and
their associated 95% confidence inter-
vals were calculated. To determine
which variables, if any, were independently associated with the
presence of an intracranial aneurysm, we performed a multivari-
ate analysis, adjusting for aortic aneurysm type and any variables
that were associated with the presence of aneurysms on univariate
analysis (ie, carotid artery disease, female sex, and aortic aneu-
rysm size). All statistical analyses were performed by using JMP
12.0 (SAS Institute, Cary, North Carolina).

RESULTS

Baseline Characteristics

A total of 1081 patients with AA were included. Of them, 440
(40.7%) had AAAs, 446 (41.3%) had TAAs, and 195 (18.0%)
had both AAAs and TAAs. Baseline demographics and aneu-
rysm characteristics according to the AA location are presented
in Table 1.

The mean age of all patients was 69.3 = 16.2 years, with 74.0%
(800/1081) of patients being men. The mean maximal diameters
of the AAs were 49.3 * 14.3 mm and 50.2 = 11.1 mm for AAAs
and TAAs, respectively. There were statistically significant differ-
ences regarding the comorbidities and cardiovascular risk factors
between the AAA and TAA groups, with a higher prevalence of
stroke/TIA, coronary artery disease, hypertension, diabetes, hy-
perlipidemia, and smoking history in the AAA group than in the
TAA group (all P values <.01), demonstrating that AAAs are
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Table 2: Risk factors for intracranial aneurysms in patients with aortic aneurysms

All AAA Only

TAA Only TAA and AAA

OR (95% CI) P

OR (95% Cl)

P OR (95% Cl) P OR (95% Cl) P

099(091-108) .29
102(101-103) 045

Age (I-yr increase)
AAA size (mm increase)

099 (0.95-104) .61
101(0.96-107) 36

1.00 (0.97-1.03) .6
- 1.04 (1.02-1.06) .03

096(0.92-0.98) .01

- (
TAA size (mm increase) 1.01(0.97-1.04) 49 - - 1.00 (0.96-1.04) .83 1.02 (0.98-1.06) 14
Female sex 2.08 (1.49-3.03) .0002 1.31(0.68-2.51) 42 2.32(1.26-4.26) .006 4.74 (1.95-11.50) .0002
Comorbidities
Stroke/TIA 0.83(0.58-120)  .035 061(0.35-107) .08  140(076-257) .27 0.51(0.21-1.21) 2
CAD 0.68 (0.47-0.99) .047 0.63 (0.37-1.11) N 0.40(0.18-0.92) .03 0.97 (0.41-2.28) 94
HTN 0.93(0.60-146) 76 0.64(028-146) 29  096(0.51-177) 88  106(0.23-494) 94
DM 0.85(0.52-139) .52 070(0.36-138) 34  043(013-145) 16 230(0.87-6.08) 13
HLP 0.82(0.55-120) .31 041(021-078) 006  126(0.69-230 .54  0.63(025-158) 32
Bicuspid aortic valve 072(040-132) 33 NA 84 059(029-123) 16 5.96(125-28.50) .01
(

Current/former smoker 1.25(0.86-1.84) 24

0.82(0.47-145) 57

094(040-220) .89  390(158-9.64)  .002

Note:—CAD indicates carotid artery disease; HTN, hypertension; DM, diabetes mellitus; HLP, hyperlipidemia; NA, not applicable.

Table 3: Prevalence of aneurysms by comorbidity

increased prevalence of IAs (OR = 1.02;

Aneurysm Prevalence (%)

95% CI, 1.01-1.03; P = .045). Among

All Patients AAA TAA AAA and TAA  patients with only AAAs, no variables

Sex were associated with an increased prev-
Male 51/281(18.2) 42/348 (12.1) 25/310(8.1) 10/142(7.0) alence of TAs. Among patients with

c Fema;'ed't' 77/800(9.6) 14/92(15.2) 23/136 (16.9) 14/53(26.4) TAAs, only female sex (OR = 2.32;95%
osr:roc:k;/lT::S 55/509(10.8)  24/236(102)  21/163 (12.9) 10/110 (9.1) Cl, 1.26-4.26; P = .006) was associated
CAD 50/510(9.8)  30/278(10.8)  7/125(5.6) 13/107(22)  With a higher risk of IA. No other vari-
HTN 100/855(117)  48/394(122)  30/283(10.6)  22/178(124)  able, including the presence of a bicus-
DM 22/208 (10.6) 12/19 (10.1) 3/56 (5.4) 7/33(21.2) pid valve, was associated with IAs.
sespdaorticvae B 0300 tomaye  rs) Amons patiens with both TAAS and
Cljrtjrser::t/?co)m:e: amoker 48/308((1‘3‘)5) 25/21(4 k11).7) 7/68 ((10:3)) 16/74$ (zi.s)) AAAs, variables associated with IA for-

mation were female sex (OR = 4.74;

Note:—CAD indicates carotid artery disease; HTN, hypertension; DM, diabetes mellitus; HLP, hyperlipidemia.

linked to cardiovascular risk factors. TAAs were strongly associ-
ated with bicuspid aortic valve (P < .0001). Patients with TAAs or
both TAAs and AAAs were significantly younger than patients
with AAAs alone (P < .0001).

Prevalence and Risk Factors for Aneurysm

Of the overall cohort, 128 patients (11.8%) had IAs, with a total
of 172 TAs. The mean size of the IAs was 6.0 = 5.8 mm. The IAs
were located in the anterior circulation in 86.0% (148/172) of
cases.

TAs were identified in 12.7% (56/440), 10.8% (48/446), and
12.3% (24/195), respectively, in patients with AAAs, TAAs, and
both AAAs and TAAs. There was no statistical difference across
groups for the location of associated IAs (P = .67), even when
aneurysm locations were grouped into anterior or posterior cere-
bral circulation (P = .93). Similarly, the sizes of IAs were not
different across the various groups (P = .54). The number of
patients with multiple IAs was not different across the 3 AA
groups (P = .34). The size of the AAAs or TAAs was not signifi-
cantly associated with a higher prevalence of associated IAs in the
different groups, except in the patients with both AAAs and TAAs
and associated IAs who had larger AAAs than patients without
associated IAs (P = .003).

A summary of risk factors for intracranial aneurysms in pa-
tients with aortic aneurysms is provided in Table 2. Prevalences of
intracranial aneurysms by comorbidity are provided in Table 3.
Among all patients, female sex was associated with higher odds of
an intracranial aneurysm (OR = 2.08; 95% CI, 1.49-3.03; P =
.0002). In addition, increased AAA size was associated with an
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95% CI, 1.95-11.50; P = .0002), the
presence of a bicuspid valve (OR = 5.96; 95% CI, 1.25-28.50; P =
.01), and smoking history (OR = 3.90; 95% CI, 1.58-9.64; P =
.002).

On multivariate logistic regression analysis, adjusting for aor-
tic aneurysm type, aortic aneurysm size, sex, and the presence of
carotid artery disease, female sex was the only variable indepen-
dently associated with the presence of intracranial aneurysms
(OR = 2.17; 95% CI, 1.25-3.70; P = .006).

Aneurysm Rupture

Of the 128 patients with intracranial aneurysms in this study, 8
had aneurysm rupture (6.3%). Five patients with ruptured aneu-
rysms were men and 3 were women. Four had AAAs without
TAAs, 2 had TAAs without AAAs, and 2 had both TAAs and
AAAs. The mean size of the AAAs in the ruptured aneurysm pop-
ulation was 56 * 12.2 mm, and the mean size of the TAAs was
41.5 = 3.4 mm. Mean intracranial aneurysm size was 9.6 = 10.5
mm. Six ruptured aneurysms were located in the anterior circu-
lation, and 2 were located in the posterior circulation.

DISCUSSION

The present study demonstrates, in a large cohort of patients with
AA, that the prevalence of associated IAs is high, with a global
prevalence of 11.8%. This prevalence is about 4 times higher than
that in the general population. Furthermore, this association is
higher in women with TAAs. Female sex was the only variable
independently associated with IAs in the AA population. There
was no significant relation between the AA type and the pres-



ence of IAs. We also identified patients with coronary artery dis-
ease and hyperlipidemia having lower odds of IA. We did not find
any significant association between the AA size and the presence
of an IA or its location. These results are important because they
suggest that further studies examining the role of IA screening in
patients with AAA and TAA are warranted.

Our results are in accordance with a recent study published by
Shin et al,'* who reported a 11.6% prevalence of IAs in a cohort of

1'* observed a

611 patients with AAs. In a small study, Kuzmik et a
9.0% prevalence of IAs in a series of 212 patients with TAAs.
Unlike the study of Shin et al, we found that female sex was a
significant risk factor for the presence of IAs, and we did not find
any association between AA type and IA size or location. We did
not find any higher risk for IAs in patients with AAs with hyper-
tension or smoking history, contrary to the findings of Kuzmik
etal."”

The present results suggest potential common pathophysio-
logic mechanisms for IA and AA. However, TAA and AAA have
different origins, risk factors, and pathomechanisms.'® AAAs are
related to cardiovascular risk factors,” as confirmed in our cohort,
with significantly more patients with stroke/TTA, coronary artery
disease, hypertension, diabetes, hyperlipidemia, and smoking his-
tory in the AAA group than in the TAA group. On the contrary,
TAAs and TAs are mostly considered nonatherosclerotic arte-
riopathies, even though they share some common risk factors
with AAAs, such as hypertension or tobacco use.”'"'*'*!” TAAs
usually appear in younger patients. However, the present study
shows that whatever the location of the AA (either TAA or AAA),
there is a high prevalence of associated IAs that appears to be
independent of cardiovascular risk factors. A potential explana-
tion is that the aorta and intracranial arteries embryologically
originate from the neural crest cells, and some anomalous devel-
opment of these cells (neurocristopathy) could explain the sus-
ceptibility for both AA and IA."®*° However, despite the origin
and susceptibility factors for AA and IA, their origin is probably a
combination of genetic and environmental factors.

Furthermore, our study identified a prevalence of IAs in the
AA population 4 times higher than in the general population. This
is very important and should be taken into account when consid-
ering patients with AAs for a systematic screening to identify IAs.
Indeed, in patients with autosomal dominant polycystic kidney
disease, the prevalence of associated IA was around 10%, with a 4
times higher risk.">'” According to this relative risk, some have
advised a systematic screening with MRA for IA in ADPKD.>'>¢
However, to date, there is no proved benefit in morbidity, mor-
tality, or reduction in subarachnoid hemorrhage among patients
with ADPKD screened for 1A,%” potentially due to other factors
such as a higher risk of IA treatment in patients with ADPKD, as
recently suggested by Rozenfeld et al.”>** In our study, the IA
prevalence in patients with AAs was similar to the IA prevalence in
the ADPKD population. Our results suggest that future prospec-
tive studies examining the role of IA screening in patients with
AAs could be warranted, especially in female patients with
TAAS.ZS,Z‘)

Also, there is a high association of IA with AA in the perioper-
ative care of AA. Indeed, the pressure on the cerebral arteries
varies substantially due to cross-clamping and declamping of the

aorta during aortic surgery.”® There is a theoretic potential risk of
IA rupture with increasing cerebral perfusion pressure by occlud-
ing the aorta, albeit temporarily.” Surgeons should be aware of the
presence of an IA to avoid large pressure variations. In addition,
measures such as strict postoperative blood pressure control can
also be taken with a known IA, to reduce the risk of rupture.13
Systematic identification of an IA in patients with AAs seems ben-
eficial to prevent IA rupture.

Limitations

Our study is limited by its retrospective nature. We could not
exclude a potential selection bias because patients with previous
neurologic symptoms were more likely to have cerebral arterial
imaging available and to be included in the present study; this
feature could create the possibility of skewing the data toward a
greater prevalence of TA. It is also possible that we underestimated
the prevalence of IA in this population. We did not search for the
indication of arterial intracranial imaging, which could poten-
tially introduce a selection bias if the imaging was performed to
search for an intracranial aneurysm. We also did not document
the time of TA detection in relation to the AA detection. There is
also a limitation in the ascertainment of the smoking status be-
cause we did not differentiate patients with previous or current
smoking history and did not perform any analysis regarding the
pack-year consumption. Also for the TAA, we did not separate
ascending and descending TAAs, which could potentially have
different results regarding the incidence of associated IAs. Our
study did not find any significant association between AA and IA
locations, which could potentially be due to the low statistical
power of multiple subgroup analyses; however, the global popu-
lation of our cohort was the largest compared with previously
published series.

CONCLUSIONS

This study shows that in a large AA cohort, prevalence of IAs is
high in patients with AA. Women were at higher risk for concom-
itant IA. Further studies are needed to determine whether patients
with known AAs should be screened for IAs.
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