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Connective Tissue Diseases: A Retrospective Study

S.T. Kim, “W. Brinjikji, and “*D.F. Kallmes

ABSTRACT

BACKGROUND AND PURPOSE: Few studies have examined the prevalence of intracranial aneurysms in connective tissue diseases such
as Marfan syndrome, Ehlers-Danlos syndrome, neurofibromatosis type 1, and Loeys-Dietz syndrome. We studied the prevalence of
intracranial aneurysms and other intracranial neurovascular pathologies such as arteriovenous malformations and intracranial dissections,
in these 4 patient populations.

MATERIALS AND METHODS: We retrospectively reviewed all patients who had a clinical diagnosis of Marfan syndrome, Ehlers-
Danlos syndrome, neurofibromatosis type 1, or Loeys-Dietz syndrome who underwent MRA, CTA, and/or DSA imaging of the
intracranial circulation between January 1,2005, and January 31, 2015. The presence, location, and maximum dimensions of intracranial
aneurysms were catalogued. Other neurovascular findings studied included intracranial dissections and arteriovenous fistulas and
shunts. Baseline data collected included demographic characteristics (sex, age, smoking history), imaging modality, and cardiovas-
cular comorbidities.

RESULTS: The prevalence of intracranial saccular and fusiform aneurysms was as follows: 14% (8/59) among patients with Marfan
syndrome, 12% (12/99) among patients with Ehlers-Danlos syndrome, 11% (5/47) among patients with neurofibromatosis type 1, and
28% (7/25) among patients with Loeys-Dietz syndrome. Intracranial dissections were found in 2 patients (3%) with Marfan syndrome
and 1 patient (1%) with Ehlers-Danlos syndrome. No intracranial dissections were found in patients with neurofibromatosis type 1 or
Loeys-Dietz syndrome.

CONCLUSIONS: Patients with connective tissue disorders, including Marfan syndrome, Ehlers-Danlos syndrome, neurofibromatosis type

1, and Loeys-Dietz syndrome, have a high prevalence of intracranial aneurysms.

ABBREVIATIONS: EDS = Ehlers-Danlos syndrome; LDS = Loeys-Dietz syndrome; NFI = neurofibromatosis type 1

he association between neurovascular lesions such as intra-

cranial aneurysms and connective tissue diseases has long
been a topic of debate. Early studies suggesting an association
between Marfan syndrome and intracranial aneurysms were lim-
ited to small case series and case reports.' However, larger studies
have since suggested that there is no association between aneu-
rysms and Marfan syndrome.' Nonetheless, the association is
still widely cited in the literature.' In addition to Marfan syn-
drome, associations between connective tissue diseases, such as
neurofibromatosis type 1 (NF1), Ehlers-Danlos syndrome (EDS),
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and Loeys-Dietz syndrome (LDS), and neurovascular lesions such
as intracranial aneurysms have also been suggested. However, rel-
atively few series have been published on the prevalence of aneu-
rysms in these populations.

In this study, we sought to retrospectively characterize neuro-
vascular findings in patients with connective tissue diseases, in-
cluding Marfan, EDS, NF1, and LDS. Our primary outcome of
interest was the prevalence of intracranial aneurysms. Secondary
outcomes included the prevalence of intracranial dissections and
arteriovenous malformations. We hypothesized that patients with
connective tissue diseases would have a higher prevalence of in-
tracranial aneurysms than the general population (ie, >3%).

MATERIALS AND METHODS

Patient Population

Following institutional review board approval, we conducted a
retrospective chart review of all patients diagnosed with Marfan
syndrome, EDS, NFI, and LDS who underwent MRA, CTA, or
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Table 1: Summary of all data collected for patients with connective tissue diseases who

underwent MRA, CTA, or DSA imaging of the head

by reviewing CTA, MRA, or DSA images
and reports. All images and reports were

Marfan Ehlers-Danlos
No. of patients 59 99
Mean age (yr) 49.4 417
No. (%) female 29 (49%) 81(82%)
Cerebral imaging modality
CTA, No. (%) 16(27%)  24(24%)
MRA, No. (%) 53(90%)  85(86%)
DSA, No. (%) 1(2%) 2(2%)
No. (%) intracranial aneurysms 8 (14%) 12 (12%)
No. (%) multiple intracranial aneurysms 2 (3%) 2(2%)
Total No. of aneurysms 12 14
Location, No. (%):
ICA 9 (15%) 12 (12%)
MCA 0(0%) 10%)
ACA 0(0%) 0(0%)
AcomA 1(2%) 1(1%)
PCA 2 (3%) 0(0%)
Basilar 0(0%) 0(0%)
Vertebral 0(0%) 0(0%)
Other 0(0%) 0(0%)
Mean (SD) aneurysm size (mm) 4.4(7.4) 6.9 (6.5)
Other intracranial vascular findings, No. (%)
AVM 0(0%) 0(0%)
AVF 102%) 2(2%)
Dissection 2 (3%) 1(1%)
Intracranial hemorrhage, No. (%) 0 (0%) 2(2%)
Comorbidities, No. (%)
Hypertension 21(36%) 24 (24%)
Hyperlipidemia 24 (41%) 15 (15%)
Diabetes mellitus 4(7%) 3(3%)
Smoking 23 (39%) 32(32%)
Stroke 10 (17%) 7(7%)
Coronary artery disease 8 (14%) 5(5%)

NFl__ Loeys-Dietz  |.yieved by a radiologist with 4 years of
;;3 §25 experience. In addition, we studied the
23 4(9%) B (52%) prevalence of intracranial arteriovenous
malformations, arteriovenous fistulas,
4(9%) 9 (36%) and intracranial dissections. The symp-
44(94%)  22(88%) tomatic status of the intracranial aneu-
2819;/3) (7)8?;) rysms and dissections was collected in
1 (2%‘:) 1 (4%)° addition to the presence of aneurysm
7 8 rupture.
3(6%) 5(20%) Statistical Analysis
2(4%) 0(0%) Continuous variables are presented as
0 (0;%’) 1 (4:4) mean = SD, and categoric variables, as fre-
(; g°//:)) g gg;;; quency in percentages. To determine vari-
0(0%) 0(0%) ables independently associated with intra-
1(2%) 2(8%) cranial aneurysm presence, we performed
0(0%) 0(0%) a multivariate logistic regression analysis
n2(98) 4843 adjusting for age, sex, smoking, hyperten-
0(0%) 0(0%) sior.1, diab.etes mellitus, abdominal/tho-
0(0%) 0(0%) racic aortic aneurysms, coronary artery
0(0%) 0(0%) disease, and history of stroke. A separate
2(4%) 1(4%) analysis was performed for each connec-
. . tive tissue disease. All statistical analysis
]; ggzy/:)) ; gg;”; was performed by using JMP, Version 12.0.0
2(4%) 1(4%) (SAS Institute, Cary, North Carolina).
14(30%)  11(44%)
9 (19%) 2(8%) RESULTS
3(6%) 2(8%) A total of 230 patients fit our inclusion

Note:—ACA indicates anterior cerebral artery; AcomA, anterior communicating artery; PCA, posterior cerebral artery.

Table 2: Symptomatic status at presentation of patients with confirmed intracranial

criteria: Fifty-nine patients had Marfan
syndrome, 99 patients had EDS, 47 pa-
tients had NF1, and 25 patients had LDS.

aneurysms
Marfan Ehlers-Danlos NF1 Loeys-Dietz The data presented below are organized
No. with intracranial aneurysms 8 2 5 7 in Table 1, along with additional demo-
Symptomatic status, No. (%) graphic characteristics and imaging find-
Asymptomatic/incidental 3(38%) 7 (58%) 2(40%) 7 (100%) ings. The symptom status of each patient
AISEERE 3 (38%) 4(33%) 2(40%) 0(0%) with a confirmed intracranial aneurysm is
Aneurysm rupture/SAH 0(0%) 0(0%) 3(60%) 0(0%) . . o
Cranial nerve palsy 4(50%) 3(25%) 0(0%) 0(0%) presented in Table 2. A brief description of

DSA of the intracranial circulation from January 2005 through
January 2015. All patients had clinically confirmed Marfan, EDS,
NF1, or LDS as determined by medical geneticists at our institu-
tion. Patients who had other forms or unconfirmed connective
tissue diseases were excluded. All of the above information perti-
nent to the inclusion and exclusion criteria was obtained through
the electronic medical record.

Data Collection
Once the patients were selected, we collected the following data:
demographic characteristics (sex, age, smoking history), imaging
used (CT angiography, MR angiography, or digital subtraction
angiography), and medical history (diabetes, hypertension,
stroke, coronary artery disease, dyslipidemia).

The primary outcome of this study was the prevalence of in-
tracranial aneurysms in these disease populations. The presence,
location, and maximum dimensions of aneurysms were evaluated

each connective tissue disease is summa-
rized in Table 3. The presentation and rea-
son for neuroimaging referral for each patient who qualified for our
study are summarized in the On-line Table.

Marfan Syndrome

Of the 59 patients who underwent angiographic imaging of the head,
8 individuals (14%) had a total of 12 intracranial aneurysms: 9 sac-
cular aneurysms and 3 fusiform aneurysms. The mean size of the
intracranial aneurysms was 5.5 = 7.4 mm. Among patients with an-
eurysms, 2 of 8 (33%) were males and 2 patients were younger than
50 years of age. Other intracranial findings were a direct cavernous
carotid fistula (n = 1) and dissection (n = 2). One patient with dis-
section presented with acute ischemic stroke, and another presented
with transient ischemic attacks. There were no cases of subarachnoid
hemorrhage. Increasing age was the only variable independently as-
sociated with the presence of an intracranial aneurysm (OR, 1.09;
95% CI, 1.01-1.22; P = .03). Representative images are provided in
Fig 1.
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Table 3: Most common features of connective tissue diseases

Clinical Manifestations

Associated Genes

Gene Product

Marfan

Ehlers-Danlos Syndrome
Of the 99 patients who underwent an-
giographic imaging of the head, 12 indi-

Marfanoid habitus FBNI Fibrillin-1 viduals (12%) had a total of 14 intracra-
acuelicok fjlseases nial aneurysms: 9 saccular aneurysms
Ectopic lentis .
. and 5 fusiform aneurysms. The mean
Dural ectasia i X i
Ehlers-Danlos size of the intracranial aneurysms was
Joint hypermobility COL5AT Type V collagen 6.9 = 6.5 mm. Of the 12 patients with
Skin hyperextensibility COL5A2 Type Il collagen aneurysms and EDS, 1 had type I EDS, 3
:A*?t’wlrmi' W°“”ld healing COL3AT had type I11 EDS, and 7 had type IV EDS.
NFI HE RS RIS In 1, the type of EDS was unknown. One
Café-au-lait macules NF1 Neurofibromin patient had both a vertebral AVF on the
Lisch nodules right and a contralateral dissection of
Neurofibromas the intradural vertebral artery, which
Ostegporosm presented as acute ischemic stroke. In-
Loeys-Dietz ¢ ialh h din 2 pa-
Aortic aneurysms TGFBRI Transforming growth factor 8 .racranla. emorr. age oc.curre mnepa
receptor | tients, with 1 patient dying from mas-
Generalized arterial tortuosity TGFBR2 Transforming growth factor 8 sive hemorrhage secondary to cerebral
receptor Il venous thrombosis and another with
Hypertelorism TGFB2 Transforming growth factor 8

Bifid/broad uvula or cleft palate

repeat incidences of subarachnoid
hemorrhages with unknown etiology
despite multiple cerebral angiograms.
Increasing age was the only variable
independently associated with the
presence of an intracranial aneurysm
(OR, 1.125 95% CI, 1.02-1.26; P =
.04). Representative images are pro-
vided in Fig 2.

Neurofibromatosis Type 1

Of the 47 patients who underwent an-
giographic imaging of the head, 5 indi-
viduals (11%) had a total of 7 intracra-
nial aneurysms: 6 saccular aneurysms
and 1 fusiform aneurysm. The mean size
of the intracranial aneurysms was

- . .
FIG 1. Imaging findings in Marfan syndrome. A, A 25-year-old man with Marfan syndrome 112 = 9.8 mm. Among patients with

with a 4-mm periophthalmic aneurysm of the right ICA. B, 3D reconstruction of a CTA
performed for evaluation of acute ischemic stroke and headache in a patient with Marfan
syndrome demonstrates smooth tapering of the right MCA, consistent with an acute dissec-
tion (arrow).

aneurysms, 3 of 5 were male (60%), and
3 were younger than 50 years of age.
Subarachnoid hemorrhage occurred in
1 patient secondary to intracranial aneu-
rysm rupture and in another secondary
to trauma. No patients had intracranial
dissections. Hypertension was the only
variable independently associated with
aneurysm presence (OR, 27.4; 95% CI,
1.69-177.72; P = .02). Representative
images are provided in Fig 3.

Loeys-Dietz Syndrome

Of the 25 patients who underwent an-
giographic imaging of the head, 7 (28%)
individuals had a total of 8 intracranial
aneurysms: 7 saccular aneurysms and 1

fusiform aneurysm. The mean size of the
FIG 2. Imaging findings in Ehlers-Danlos syndrome. A, DSA of a cervical carotid dissecting pseu-
doaneurysm (white arrow) in a patient with Ehlers-Danlos syndrome. Note the coil mass in the
supraclinoid ICA from previous coiling of an ICA aneurysm. B, A giant cavernous carotid artery
aneurysm in a patient with Ehlers-Danlos syndrome.

intracranial aneurysms was 4.8 £ 4.5
mm. Among patients with aneurysms,
4 of 7 (57%) were male, and 4 were
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FIG 3. Imaging findings in neurofibromatosis type 1. A, Fusiform aneurysm of the right anterior
inferior cerebellar artery in a 22-year-old patient with NFI. B, The same patient had a giant right

MCA aneurysm and a third fusiform aneurysm of an M2 branch.

FIG 4. Aneurysms in Loeys-Dietz syndrome. A, A 3-mm Al aneurysm (arrow). B, A 6-mm supra-

clinoid ICA aneurysm in a patient with Loeys-Dietz syndrome.

younger than 50 years of age. Subarachnoid hemorrhage of un-
known etiology in a patient without an intracranial aneurysm
occurred in 1 individual. No variables were independently asso-
ciated with aneurysm presence. Representative images are pro-
vided in Fig 4.

DISCUSSION

Our study demonstrates that patients with Marfan syndrome,
EDS, NF1, and LDS have a high prevalence of intracranial aneu-
rysms. Compared with the 3.2% of the general population who
have intracranial aneurysms, the patients in our study had prev-
alences ranging from 9% to 28%.* Most of these intracranial an-
eurysms were found in the anterior circulation, particularly the
ICA. On our logistic regression analysis, increasing age was the
only variable independently associated with intracranial aneu-
rysm in patients with Marfan syndrome and EDS, and hyperten-
sion was the only variable associated with intracranial aneurysm
in patients with NF1. The high prevalence of intracranial aneu-
rysms in the population with connective tissue disease has impli-
cations for screening these patients, especially because most an-
eurysms were asymptomatic.

While it is still an ongoing area of debate, relatively large clin-
ical series have called into doubt the association between both
Marfan syndrome and EDS and intracranial aneurysms. In a post-
mortem series of 25 patients with Marfan syndrome, Conway
etal' found an aneurysm prevalence of just 4%. In addition, in a

series of 129 patients with Marfan syn-
drome, van den Berg et al* found no pa-
tients who presented with a symptom-
atic intracranial aneurysm. In a study of
419 patients with EDS or a family history
of the disease, Pepin et al® found 6
(1.4%) patients who had intracranial
aneurysms. However, the exact preva-
lence of aneurysms in the Pepin et al se-
ries is not known because the number of
patients who underwent angiographic
imaging was not reported.

To our knowledge, our study repre-
sents the largest imaging study to date
examining the prevalence of intracranial
aneurysms in Marfan syndrome and
EDS. Distinct from prior studies, all pa-
tients in our series underwent intracra-
nial imaging with CTA, DSA, or MRA,
thus allowing a more accurate represen-
tation of aneurysm prevalence. More
than half of the patients in the Marfan
and EDS cohorts were asymptomatic at
the time of diagnosis. There is no clear
consensus in the literature regarding the
prevalence of intracranial aneurysms in
patients with NF1. In a large case-con-
trol study including 39 patients with
NF1 and 526 controls, Maya et al® found
a 9% aneurysm prevalence in the NF1
population versus the 0% in controls.
However, in a separate study of children
with NF1, Rosser et al” found that only 1 of the 316 patients with
NF1 undergoing brain MR imaging had an intracranial aneurysm.
However, only 8 of these 316 patients had an MRA performed in
addition to the MR imaging.”

To date, only 2 previously published studies have examined
the prevalence of cerebral aneurysms in a consecutive series of
patients with LDS. In the landmark article describing Loeys-Dietz
syndrome including 90 patients, Loeys et al® found that 10% of
patients with LDS had intracranial aneurysms. Two patients died
from cerebral bleeding. In a study of 25 patients with LDS, Ro-
drigues et al” found that 7 patients (28%) had intracranial aneu-
rysms; most were in the anterior circulation. These findings are
similar to those in our study, which also found that 7 of 25 patients
(28%) had intracranial aneurysms. All 7 of the patients with in-
tracranial aneurysms in our LDS cohort were asymptomatic and
had incidental findings.

Limitations

Our study has limitations. First, it is retrospective in nature. The
multiple imaging modalities (CTA, MRA, and DSA) used to iden-
tify intracranial aneurysms can cause differences in the accuracy
of aneurysm detection among patients. Although DSA is the most
sensitive imaging technique for aneurysm detection, most of our
patients underwent only CTA or MRA. In addition, the nonge-
netic clinical diagnosis used to identify patients with Marfan, EDS,
NF1, and LDS can result in misdiagnosis. There is also the possibility
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that our study overestimates the prevalence of intracranial aneu-
rysms in all of these patients because our center is a tertiary referral
site for patients with complicated forms of these diseases, and it is a
high-volume intracranial aneurysm treatment center. If one were to
prospectively study a random group of patients with these connective
tissue diseases and obtain imaging, the prevalence estimates may be
substantially different from those presented here.

CONCLUSIONS

Our study suggests that patients with Marfan syndrome, Ehlers-
Danlos syndrome, neurofibromatosis type 1, and Loeys-Dietz
syndrome have a high prevalence of intracranial aneurysms.
However, it is of key importance to recognize the inevitable yet
substantial selection bias of this prevalence study. Nonetheless,
these findings further support the need for future prospective
studies to understand the risks and benefits of preventative
screening in patients with these connective tissue disorders.
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