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Cerebrovascuiar Disease in Ehiers-Danlos
Syndrome Type IV

Wouter I. Schievink, MD, Martien Limburg, MD, Johanna W.E. Oorthuys, MD,

Paul Fleury, MD, PhD, and F. Michael Pope, MD, FRCP

We describe two patients with cerebrovascuiar complications of Ehiers-Danlos syndrome type
IV. A 16-year-old girl with spontaneous internal carotid artery dissection and a 46-year-old
woman with aneuiysmal subarachnoid hemorrhage and multiple aortic dissections were both
deficient in collagen type III, analyzed in cultured skin fibroblasts. To our knowledge,
spontaneous carotid artery dissection associated with collagen type III deficiency has not been
reported previously. Early clinical recognition of this syndrome is of great importance in view
of the hazards of angjography and surgery. Collagen type III deficiency plays a role in the
pathogenesis of intracraniai saccular aneurysms and may also be involved in the pathogenesis
of carotid cavernous fistulas and dissections of the cervical arteries. (Stroke 1990^1:626-632)

Ehlers-Danlos syndrome (EDS) is a group of
connective tissue disorders with features
that include variable degrees of joint hyper-

mobility, hyperextensible skin, easy bruising, and
abnormal scarring.1-3 EDS was first described in 1668
by the Dutch surgeon Job van Meek'ren,4 who had
observed a 23-year-old man with "extraordinary elas-
ticity of the skin." Nine types and several subtypes of
EDS have been recognized on the basis of clinical,
genetic, and biochemical characteristics.5

The underlying defect of EDS type IV (EDS-IV:
arterial, ecchymotic, or Sack-Barabas type) is an
abnormality of collagen type III.36-8 This substance
is a major component of distensible tissues, such as
blood vessels, hollow viscera, and skin.9 Conse-
quently, a person with typical EDS-IV has a propen-
sity toward arterial rupture or aneurysm formation,
intestinal perforation, pneumothoraces, and certain
cutaneous features, such as unusually thin and fragile
skin with prominent veins, severe bruising, and pre-
mature aging. 1-3.7,10-12 Hyperextensibility of the skin,
however, is variable, and loose-jointedness is often
limited to the digits. The typical facial appearance
includes large eyes, thin nose and lips, and lobeless
ears.7-12-14 Both autosomal dominant and recessive
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inheritance have been described, and sporadic muta-
tions frequently occur.5-7'!2-14

EDS-IV is of special importance to neurologists and
neurosurgeons because of the wide variety of cerebral
vascular pathology that may be encountered in such
patients, including intracraniai aneurysms,!5-23 carotid
cavernous fistulas,21'22'24-33 fusiform aneurysms of the
cervical arteries,22-34-35 and postarteriographic dissec-
tion of the internal carotid artery.30 In most such cases
EDS was diagnosed by clinical and histologic criteria.
In only two instances was biochemical confirmation
obtained.23-32 Indirectly, aortic dissection and mitral
valve prolapse (features associated with EDS-IV1-36)
may cause cerebrovascuiar symptoms. Recognition of
the disorder is complicated by the fact that clinical
features may be subtle. We describe two patients with
previously undiagnosed EDS-IV who presented with
cerebrovascuiar abnormalities. Biochemical studies
confirmed abnormalities of collagen type in .

Case Reports
Case 1

In March 1985, this 16-year-old girl developed a
continuous right temporal headache. Four days later
she collapsed with an accompanying transient left-
sided facial weakness. A few hours later she was
admitted to our hospital after another collapse. Her
medical history included spontaneous bruising since
early childhood, and at the age of 3 years she had
been hospitalized for a dislocated shoulder. The
family history was unremarkable.

On examination, a left-sided central facial paresis
was observed and the left plantar response was
extensor. These abnormalities disappeared within 30
minutes, and the remainder of the neurologic exam-
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FIGURE 1. Facial appearance of patient 1. Note large eyes,
thin nose, thin lips, lobeless ears, and abnormal scars on
forehead.

ination was unremarkable. She showed a character-
istic fades with prominent eyes, a thin nose, thin lips,
and lobeless ears. Abnormal scars were present on
her forehead (Figure 1). Her skin was thin and
translucent, especially over the chest, where a venous
network was clearly visible. There were numerous
ecchymoses on her legs, and a few wide scars were
found over both knees. Mild hypermobility of the
elbow and finger joints was noted.

A computed tomogram (CT scan) showed a small
low-density lesion of the right external capsule, con-
sistent with an old infarct. The results of coagulation
studies were normal. The patient was started on
aspirin. Arteriography revealed changes characteris-
tic of an "in and out" dissection of the right cervical
internal carotid artery (Figure 2). The remainder of
the cervical and intracranial arteries were normal. A
chest roentgenogram demonstrated a left-sided par-
tial pneumothorax. A clinical diagnosis of EDS-FV
was made. Histologic examination of a skin biopsy
showed changes compatible with EDS-FV, with a
reduction in the density of collagen fibers and an
increased abundance of elastic fibers. The diagnosis
was confirmed by collagen type III analysis in cul-
tured fibroblasts, which showed only 50% of the
normal amount (partial deficiency) (Figure 3). Mes-

senger ribonucleic acid (mRNA) studies of
collagen showed normal abundance. These results
may be explained by a mutation, either inhibiting
mRNA translation from one allele or resulting in a
structurally abnormal protein. Collagen type III anal-
ysis of her parents was normal.

After 2 months, aspirin was discontinued because of
a marked increase in spontaneous bruising. Between
1985 and 1986 three episodes of spontaneous disloca-
tion of the right shoulder occurred, which were treated
conservatively. The patient has had no recurrence of
neurologic symptoms during 4 years of follow-up.

Case 2
In February 1986, this 46-year-old woman sud-

denly developed a severe headache during coitus and
vomited several times.

Her medical history included easy bruising and an
abdominal aortic dissecting aneurysm in February
1981, at the age of 41 years. At laparotomy, extensive
retroperitoneal fibrosis prevented an aortic graft.
Ten months later, after a hemorrhage into a mesen-
teric cyst, a second attempt at aortic grafting was
unsuccessful. In September 1983, an aneurysm of the
aortic bifurcation was found on routine venous digital
subtraction angiography. In May 1985, an aneurysm
near the origin of the gastric artery leaked, causing a
right-sided hemoperitoneum and hemothorax, which
were treated conservatively. This episode was com-
plicated by a small myocardial infarction.

The family history was revealing (Figure 4). Sub-
jects I2 and II4 are likely to have had a subarachnoid
hemorrhage at a young age; subject IIX suffered an
intracranial hemorrhage at the age of 79 years.

On admission to our hospital patient 2 was ori-
ented but unaware of what had happened. She had a
pointed face, prominent eyes, and thin lips and
looked prematurely aged. During the next few hours
meningeal irritation developed, and subsequent CT
scanning showed blood in the basal cisterns. Arteri-
ography disclosed a multiloculated aneurysm of the
left internal carotid artery near the origin of the
ophthalmic artery. There were extensive irregulari-
ties in the walls of all large arteries, including both
carotid and vertebral arteries. An angiogram of the
right internal carotid artery showed an aneurysm at
the base of the skull but no further abnormalities of
the intracranial arteries. At craniotomy the next day
a very thin-walled saccular aneurysm with visible
turbulences was clipped. There was a striking fragility
of the fibrous tissues, in which stitches barely held.
After an uneventful postoperative recovery the
patient was discharged in good health.

Strongly suspected by the clinical signs and family
history, the diagnosis of EDS-FV was confirmed by
analysis of radiolabeled fibroblast collagens, showing
a reduced collagen type IILtotal collagen ratio of
only 6% (normal values 14-19%) (Figure 5).

In June 1988, after sudden and severe chest and
back pain caused by a dissection of the descending
aorta, patient 2 died in hypovolemic shock. At autopsy
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FIGURE 2. Transfemoral cerebral arteriograms in patient 1. Right lateral (A) and
antewposterior (B) views demonstrating severe segmental narrowing (straight arrows)
with irregularities of internal carotid artery beginning approximately 4 cm distal to
bifurcation and ending below carotid siphon (curved arrow). A': Schematic represen-
tation of right lateral view. 1, common carotid artery; 2, internal carotid artery; 3,
external carotid artery; 4, facial artery; 5, maxillary artery; 6, occipital artery; 7,
posterior auricular artery.

B
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FIGURE 3. Radiolabeled profiles of medium (M) collagens.
After reduction with mercaptoethanol, pepsinized collagens
show decrease of approximately 50% of aj(III) monomer in
patient 1 (P) compared with normal control (C).

several old dissections of the abdominal aorta and iliac
vessels were seen. A recent dissection was present
from the left subclavian artery down to the abdominal
aorta, with a left-sided hemothorax. Unfortunately,
the carotid vessels were not available for study.

Discussion
Several abnormalities of collagen type III have

been observed in patients with EDS-IV.3-6-8 Cultured
skin fibroblasts of these patients often secrete little or
no collagen type HI into the medium, and abnormal
quantities are retained intracellularly.3-6-8 Occasion-
ally, qualitative defects of collagen type III molecules

occur.378 Histology of the arteries from affected
patients shows mild, nonspecific abnormalities such
as fragmentation of the internal elastic lamina and
abnormal arrangement of elastic fibers in the tunica
media of elastic and muscular arteries.15'16'20'25'26'30 In
contrast, skin histology is often diagnostic in patients
with more severe forms of the disease.7

Clinically, EDS-IV is heterogeneous and its man-
ifestations range from defective collagen type III with
minimal phenotypic expression to lethal arterial rup-
ture at an early age.1-3'7-12'14'37 Our first patient pre-
sented with a rare vascular complication of EDS-IV
at a particularly young age. Her transparent skin and
characteristic facies strongly suggested the diagnosis.
Her family was unaffected, and this patient repre-
sents a sporadic case. To our knowledge spontaneous
carotid artery dissection associated with collagen
type III deficiency has not been reported previously.
Our second patient suffered multiple arterial compli-
cations with a three-generation autosomal transmis-
sion of the mutant gene, but she remained undiag-
nosed for 5 years despite multiple abdominal aortic
aneurysms.

Suspicion of collagen type III disorders has impor-
tant implications for the clinical management of
these patients because of the severe and often lethal
complications of various investigative or surgical pro-
cedures. Cikrit et al38 reviewed 36 patients with
EDS-IV; of 12 patients undergoing arteriography,
eight had severe complications, including two deaths,
and seven deaths were noted in 29 vascular surgical
procedures. Transfemoral arteriography of such
patients has been complicated by expanding hemato-
mas at the puncture site and tearing of the aorta and
medium-sized arteries.20-26'30'33'39'40 Direct puncture of
the carotid artery has resulted in large hematomas
severe enough to obstruct the airway, requiring
intubation.25'30 Two patients with carotid cavernous
fistulas suffered massive epistaxis following arteriogra-
phy.25'27 Intravenous digital subtraction angiography
has been advocated as a safe alternative to arterial
angiography35'38; in one patient, however, rupture of
the superior vena cava occurred during manipulation
of the catheter.41 Attempts at balloon embolization of
carotid cavernous fistulas by transarterial30-32 and
transvenous21-33 routes have both been complicated by
lethal hemorrhages.21-3033 In only one reported
instance could the fistula be safely occluded.32

Surgeons have described the tissues of affected
patients as resembling "wet blotting paper",1 "cold
porridge",42 or "wet cotton",25 and tissue friability
was a particular problem in various operations in our
patient 2. Arteries and veins tear easily due to the
flimsiness of their walls, literally crumbling in the
surgeon's hands. 153439,42-44 Clamps and sutures often
break loose or sever the vessel waUs.1-34-43"45 Wound
dehiscence, thin papyraceous scars, and keloid for-
mation all occur,7-11-13-34-45 but abdominal and cuta-
neous incisions usually heal reasonably well.

The exact pathogenesis of spontaneous dissection
of the cervical arteries in general is unknown, but it
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FIGURE 4. Pedigree of patient 2. I,: deceased, "something"
in the head; I2: deceased, 40 years old, cerebral hemorrhage;
IIi: deceased, 79 years old, cerebral hemorrhage; II2:
deceased, 60 years old, cardiac cause; II3: deceased, 60 years
old, cardiac cause; II4: deceased, 40 years old, cerebral
hemorrhage; II5: in good health, 80 years old; III,: in good
health, 49 years old; III2: proposita.
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could include mechanical factors and intrinsic struc-
tural defects of the vessel wall.46-48 Angiographic
findings of fibromuscular dysplasia occur in approxi-
mately 15% of cases.48 Other recognized causes
include Marfan's syndrome47 and cystic medial
degeneration.47 However, histologic examination of
the arteries involved usually shows no preexistent
abnormalities, and in the majority of cases the pri-
mary arterial defect remains unknown.46-48 Patient 1
had a collagen type III deficiency combined with the
typical clinical and angiographic characteristics of
internal carotid artery dissection.

Pope and coworkers49-50 followed by Ostergaard
and Oxlund51 have found a deficiency of collagen type
III in about half of patients with aneurysmal subarach-
noid hemorrhage unassociated with EDS-FV. We sug-
gest that collagen type III mutations and arterial wall
abnormalities may be relatively common in patients
suffering carotid cavernous fistulas or dissection of the
cervical arteries. Recently, Mokri et al52 reported a
familial clustering of spontaneous internal carotid
artery dissection in which no obvious underlying
defect was established. In those cases in particular,
collagen type HI analysis would be of interest.

In conclusion, the early clinical recognition of
EDS-FV is of the utmost importance due to the high
complication rate of various procedures requiring
arterial puncture or surgery. These procedures
should therefore be undertaken only on the most
strict indication. Young and middle-aged patients

M M
FIGURE 5. Radiolabeled profiles of medium (M) collagens.
Unreduced pepsinized collagens show marked reduction of
a,(III)3 in patient 2 (P) compared with normal control (C).
Type III collagen'-total collagen ratio was estimated by scan-
ning to be approximately 6% compared with normal control
values of 14-19%.

with cervical artery dissections, carotid cavernous
fistulas, and any large or medium-sized arterial aneu-
rysms should be suspected of collagen type m muta-
tions. This can usually be easily proved by fibroblast
culture and collagen protein analysis or by gene
linkage studies in suitable families. Prenatal diagno-
sis and prevention are theoretically possible in all
patients with detectable mutations.

Acknowledgments
We wish to thank Jon Zegerius, MD, for the

clinical care of patient 1, J. Henk Sillevis Smitt,

 at RUTGERS UNIVERSITY on April 16, 2012http://stroke.ahajournals.org/Downloaded from 

http://stroke.ahajournals.org/


Schievink et al Stroke in Ehlers-Danlos Syndrome 631

MD, for dermatological consultation, and Paolo
Narcisi, MSc, and Alan C. Nicholls, PhD, for the
collagen determinations.

References
1. McKusick VA: Heritable Disorders of Connective Tissue. St

Louis, CV Mosby Co, 1972, pp 292-371
2. Hollister DW: Heritable disorders of connective tissue:

Ehlers-Danlos syndrome. Pcdiatr Clin North Am 1978;
25:575-591

3. Pope FM, Nicholls AC Dorling J, Webb J: Molecular abnor-
malities of collagen: A review. JR Soc Med 1983;76:1050-1062

4. van Meek'ren J: Heel-en Geneeskonstige Aanmerkkingen.
Amsterdam, C Coramelijn, 1668, pp 170-172

5. Beighton P, de Paepe A, Danks D, Finidori G, Gedde-Dahl T,
Goodman R, Hall JG, Hollister DW, Horton W, McKusick
VA, Opitz JM, Pope FM, Pyeritz RE, Rimoin DL, Sillence D,
Spranger JW, Thompson E, Tsipouras P, Viljoen D, Winship
I, Young I: International nosology of heritable disorders of
connective tissue, Berlin, 1986. Am J Med Genet 1988;
29:581-594

6. Pope FM, Martin GR, Lichtenstein JR, Penttinen R, Gerson
B, Rowe DW, McKusick VA: Patients with Ehlers-Danlos
syndrome type IV lack type III collagen. Proc Natl Acad Sci
USA 1975;72:1314-1316

7. Pope FM, Nicholls AC, Narcisi P, Temple A, Chia Y, Fryer P,
de Paepe A, de Groot WP, McEwan JR, Compston DA,
Oorthuys J, Davies J, Dinwoodie DL: Type III collagen
mutations in Ehlers Danlos syndrome type IV and other
related disorders. Clin Exp Dermatol 1988;13:285-302

8. Type HI collagen deficiency (editorial). Lancet 1989;1:197-198
9. Gay S, Miller EJ: Collagen in the Physiology and Pathology of

Connective Tissue. Stuttgart, G Fischer Verlag, 1978, pp 46-62
10. Barabas AP: Heterogeneity of the Ehlers-Danlos syndrome:

Description of three clinical types and a hypothesis to explain
the basic defect(s). Br Med J 1967;2:612-613

11. Beighton P: Lethal complications of the Ehlers-Danlos syn-
drome. Br Med J 1968;3:656-659

12. Pope FM, Narcisi P, Nicholls AC, Liberman M, Oorthuys
JWE: Clinical presentations of Ehlers Danlos syndrome type
IV. Arch Dis Child 1988;63:1016-1025

13. Pope FM, Martin GR, McKusick VA: Inheritance of Ehlers-
Danlos type IV syndrome. / Med Genet 1977;14:200-204

14. Pope FM, Nicholls AC, Jones PM, Wells RS, Lawrence D:
EDS IV (acrogeria): New autosomal dominant and recessive
types. J RSoc Med 1980;73:180-186

15. Rubinstein MK, Cohen NH: Ehlers-Danlos syndrome associ-
ated with multiple intracranial aneurysms. Neurology 1964;
14:125-132

16. Imahori S, Bannerman RM, Graf CJ, Brennan JC: Ehlers-
Danlos syndrome with multiple arterial lesions. Am J Med
1969;47:967-977

17. Tridon P, Renard M, Picard L, Weber M, Andre JM: Malfor-
mation vasculaire c^rtbrale et syndrome d'Ehlers-Danlos. A
propos d'une forme familiale avec aneVrisme sylvien traitd
avec succes. Rev Neurol (Paris) 1969;121:615-621

18. Walsh FB, Hoyt WF: Clinical Neuro-Ophthalmology, ed 2.
Baltimore, Williams & Wilkins Co, 1969, vol 3, p 1740

19. Mirza FH, Smith PL, Lim WN: Multiple aneurysms in a
patient with Ehlers-Danlos syndrome: Angiography without
sequelae. AJR 1979;132:993-995

20. Krog M, Almgren B, Eriksson I, Nordstrdm S: Vascular
complications in the Ehlers-Danlos syndrome. Acta Chir
Scand 1983;149:279-282

21. Farley MK, Clark RD, Fallor MK, Geggel HS, HeckenJively
JR: Spontaneous carotid-cavernous fistula and the Ehlers-
Danlos syndromes. Ophthalmology 1983;90:1337-1342

22. Dany F, Fraysse A, Priollet P, Brutus P, Bokor J, Catazano G,
Bernard P, Christides C, Beylot C: Syndrome dysmorphique et
dysplasie vasculaire: Une forme atypique d'Ehlers-Danlos
type XV. J Mai Vase 1986;ll:263-269

23. de Paepe A, van Landegem W, de Keyser F, de Reuck J:
Association of multiple intracranial aneurysms and collagen
type m deficiency. Clin Neurol Neurosurg 1988;90:53-56

24. Francois PW, Woillez M, MaiUet WP: Maladie d'Ehlers-
Danlos avec anivrysme art6rio-veineux intracranien. Bull Soc
Ophtalmol FT 1955;5:392-395

25. Graf CJ: Spontaneous carotid-cavernous fistula. Ehlers-
Danlos syndrome and related conditions. Arch Neurol 1965;
13:662-672

26. Schoolman A, Kepes JJ: Bilateral spontaneous carotid-
cavernous fistulae in Ehlers-Danlos syndrome. Case report. /
Neurosurg 1967;26:82-86

27. Julien J, de Boucaud D: Fistule carotido-caverneuse spon-
tan£e et maladie d'Ehlers-Danlos. Presse Med 1971;
79:1241-1242

28. Rougier J, Sellem E, Grochowicki M, Bret P: Fistule carotido-
caverneuse spontan6e compliquee d'oblitdration de l'artere
centrale de la ritine et de decollement ritinien. Bull Soc
Ophtalmol Fr 1982;82:1483-1485

29. Guiolet M, Jouhaud F, Malbrel C, Augustin P: Maladie
d'Ehlers-Danlos —Fistule art^rio-veineuse. Bull Soc Ophtal-
mol Fr 1984;84:267-268

30. Lach B, Nair SG, Russell NA, Benoit BG: Spontaneous
carotid-cavernous fistula and multiple arterial dissections in
type IV Ehlers-Danlos syndrome. Case report. J Neurosurg
1987;66:462-467

31. Peaceman AM, Cruikshank DP: Ehlers-Danlos syndrome and
pregnancy: Association of type IV disease with maternal
death. Obstet Gynecol 1987;69:428-431

32. Fox R, Pope FM, Narcisi P, Nicholls AC, Kendall BE,
Hourihan MD, Compston DAS: Spontaneous carotid cavern-
ous fistula in Ehlers Danlos syndrome. / Neurol Neurosurg
Psychiatry 1988;51:984-986

33. Halbach W , Higashida RT, Hieshima GB, Hardin CW, Yang
PJ: Transvenous embolization of direct carotid cavernous
fistulas. AJNR 1988;9:741-747

34. Brodribb ATM: Vertebral aneurysm in a case of Ehlers-Danlos
syndrome. BrJSurg 1970^7:148-151

35. Hamm B, Sorensen R, Friedrich M, Kroll HU: Intravenose
Subtraktionsangiographie bei Ehlers-Danlos-Syndrom mit
rezidivierendem Karotisaneurysma. ROFO 1984;140:343-345

36. Jaffe AS, Geltman EM, Rodey GE, Uitto J: Mitral valve
prolapse: A consistent manifestation of type IV Ehlers-Danlos
syndrome. The pathogenetic role of the abnormal production
of type III collagen. Circulation 1981;64:121-125

37. Pope FM, Child AH, Nicholls AC, Narcisi P, Dorrance DE:
Type III collagen deficiency with normal phenotype. / R Soc
Med 1983;76:518-520

38. Cikrit DF, Miles JH, Silver D: Spontaneous arterial perfora-
tion: The Ehlers-Danlos specter. / Vase Surg 1987;5:248-255

39. Rybka FJ, O'Hara ET: Surgical significance of the Ehlers-
Danlos syndrome. Am J Surg 1967;113:431-434

40. Slingenberg EJ: Complications during intravascular diagnostic
manipulations in the Ehlers-Danlos syndrome. Neth J Surg
198O;32:56-58

41. Driscoll SHM, Gomes AS, Machleder HI: Perforation of the
superior vena cava: A complication of digital angiography in
Ehlers-Danlos syndrome. AJR 1984;142:1021-1022

42. Beighton P, Horan FT: Surgical aspects of the Ehlers-Danlos
syndrome. A survey of 100 cases. BrJ Surg 1969;56:255-259

43. Gertsch P, Loup PW, Lochman A, Anani P: Changing patterns
in the vascular form of EhJers-Danlos syndrome. Arch Surg
1986;121:1061-1064

44. Wesley JR, Mahour GH, Woolley MM: Multiple surgical
problems in two patients with Ehlers-Danlos syndrome. Sur-
gery 1980;87:319-324

45. Barabas A: Vascular complications with Ehlers-Danlos syn-
drome. With special reference to the "arterial type" or Sack's
syndrome. / Cardiovasc Surg 1972;13:160-167

46. Luken MG III, Ascheri GF Jr, Correll JW, Hilal SK: Sponta-
neous dissecting aneurysms of the extracranial internal carotid
artery. Clin Neurosurg 1979;26:353-375

47. Hart RG, Easton JD: Dissections of cervical and cerebral
arteries. Neurol Clin 1983;1:155-182

 at RUTGERS UNIVERSITY on April 16, 2012http://stroke.ahajournals.org/Downloaded from 

http://stroke.ahajournals.org/


632 Stroke Vol 21, No 4, April 1990

48. Mokri B: Dissections of cervical and cephalic arteries, in 51. Ostergaard JR, Oxlund H: Collagen type III deficiency in
Sundt TM Jr (ed): Occlusive Cerebrovascular Disease. Philadel- patients with rupture of intracranial saccular aneurysms. J
phia, WB Saunders Co, 1987, pp 38-59 Neurosurg 1987;67:690-696

49. Pope FM, Nicholls AC, Narcisi P, Bartlett J, Neil-Dwyer G, 52. Mokri B, Piepgras DG, Wiebers DO, Houser OW: Familial
Doshi B: Some patients with cerebral aneurysms are deficient occurrence of spontaneous dissection of the internal carotid
in type III collagen. Lancet 1981;l:973-975 artery. Stroke 1987;18:246-25I

50. Neil-Dwyer G, Bartlett JR, Nicholls AC, Narcisi P, Pope FM:
Collagen deficiency and ruptured cerebral aneurysms. A clin- KEY WORDS • aneurysm, dissecting • cerebrovascular disorders
ical and biochemical study. J Neurosurg 1983;59:16-20 • Ehlers-Danlos syndrome

 at RUTGERS UNIVERSITY on April 16, 2012http://stroke.ahajournals.org/Downloaded from 

http://stroke.ahajournals.org/



