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General introduction 



Introduction 
Rupture of an intracranial aneurysm results in a haemorrhage with often 
devastating effects. The haemorrhage is usually located in the subarachnoidal 
space but it may also be present in the ventricles, intracerebrally or in the 
subdural space.1 A ruptured intracranial aneurysm frequently leads to death (in 
approximately 50% of cases), and a large proportion of the survivors (10-20%) 
remains disabled.2 In the last decades these figures did hardly change despite 
developments in neuro-anaesthesia and neurosurgery.1'3 The high mortality is 
for a large proportion attributable to severe brain damage caused by the initial 
haemorrhage.1-4 Improvement in outcome may therefore be achieved by early 
detection and obliteration of the aneurysm before rupture. Figures of 
complications (death or neurological deficits) after surgery for unruptured 
intracranial aneurysms are considerably higher than previously thought. A 
meta-analysis showed figures for mortality of 2.6% and for morbidity of 
10.9%.5 Similar figures were reported recently by an international study group.6 

Therefore it is important to investigate if better results can be achieved by using 
other techniques such as endo vascular occlusion of the aneurysm with coils. 

The formation of intracranial aneurysms has been related to "medial 
defects",7 and hemodynamic stress.8 At present the development of intracranial 
aneurysms is regarded as a multifactorial process in which both intrinsic (vessel 
wall weakness) and extrinsic (hemodynamic) factors play a role. Intrinsic 
factors may be related to connective tissue disorders since associations have 
been reported between intracranial aneurysms and Marfan syndrome, 
pseudoxanthoma elasticum, and Ehlers Danlos syndrome type IV.9 The latter is 
a connective tissue disease which is characterized by genetically determined 
defects of type III collagen due to a decreased type III procollagen production 
or a production of structurally altered type III procollagen.1011 Ehlers Danlos 
syndrome type IV has been reported to be associated with carotid-cavernous 
fistulas,12'16 arterial dissections,14,17 and intracranial aneurysms 15'17. Type III 
collagen is very firm and responsible for the tensile strength of the arteries, 
especially when the strain on the vessel wall becomes high.18"20 Several small 
studies have demonstrated a possible relationship between type III collagen 
deficiency or unstable type III collagen and intracranial aneurysms.21"23 

About 5-10% of patients have a positive family history for intracranial 
aneurysms.24 The intrinsic factor in the pathogenesis of intracranial aneurysms 
may be a type III collagen deficiency, and this may also be the familial factor. 
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Aims and outlines of this thesis 
The subject of this thesis was to investigate the intrinsic factors in the 
pathogenesis of intracranial aneurysms. Therefore the relationship between 
intracranial aneurysms and the connective tissue disorders pseudoxanthoma 
elasticum, and Marfan syndrome was studied. Furthermore studies were 
performed to determine if a type III collagen deficiency is related to the 
formation of intracranial aneurysms. 

Chapter 1 is a review of the pathogenesis of intracranial aneurysms. In 
135 patients with Marfan syndrome (chapter 2) and in 100 patients with 
pseudoxanthoma elasticum (chapter 3) a follow-up study was performed to 
investigate the association between these connective tissue disorders and 
symptomatic intracranial aneurysms. 

In chapter 4 the biochemical properties of type III collagen are 
discussed, and the possible relationship between type III collagen deficiency 
and intracranial aneurysms is reviewed. Protein analysis was performed of skin 
fibroblasts from 41 consecutively admitted patients with intracranial 
aneurysms, and 41 healthy volunteers to investigate if the production of type III 
collagen is lower in patients (chapter 5). Subsequently, the type III collagen 
gene in the group of 41 consecutive patients with intracranial aneurysms was 
analysed for mutations or other defects e.g. null alleles, (chapter 6). 

In chapter 7 a family is described of which three members had an 
intracranial aneurysm. Protein and DNA analysis was performed for the 
presence of a type III collagen deficiency, and subsequently the underlying 
cause of the deficiency was investigated. 

References 
Inagawa T, Tokuda Y, Ohbayashi N, Takaya M, Moritake K. Study of aneurysmal subarachnoid 
hemorrhage in Izumo City, Japan. Stroke 1995;26:761-766. 
Hop JW, Rinkel GJ, Algra A, van Gijn J. Case-fatality rates and functional outcome after subarachnoid 
hemorrhage: a systematic review. Stroke 1997;28:660-664. 
Fogelholm R, Hernesniemi J, Vapalahti M. Impact of early surgery on outcome after aneurysmal 
subarachnoid hemorrhage. A population-based study. Stroke 1993;24:1649-1654. 
Ljunggren B, Sonesson B, Saveland H, Brandt L. Cognitive impairment and adjustment in patients 
without neurological deficits after aneurysmal SAH and early operation. J Neurosurg 1985' 
62:673-679. 
Raaymakers TW, Rinkel GJ, Limburg M, Algra A. Mortality and morbidity of surgery for unruptured 
intracranial aneurysms: a meta-analysis. Stroke 1998;29:1531-1538. 
The International Study of Unruptured Intracranial Aneurysms Investigators. Unruptured intracranial 
aneurysms; risk of rupture and risks of surgical intervention. N Engl J Med 1998;339:1725-1733. 
Glynn. LE. Medial defects in the circle of Willis and their relation to aneurysm formation. J Pathol 

11 



Bacteriol 1940;51:213-222. 
8. Stehbens WE. Etiology of intracranial berry aneurysms. J Neurosurg 1989;70:823-831. 
9. Schievink WI, Schaid DJ, Rogers HM, Piepgras DG, Michels VV. On the inheritance of intracranial 

aneurysms. Stroke 1994;25:2028-2037. 
10. Pope FM, Martin GR, Lichtenstein JR, et al. Patients with Ehlers-Danlos syndrome lack type III 

collagen. Proc Nar Acad Sei 1975;72:1314-1316. 
11. Type III deficiency (editorial). Lancet 1989;1:197-198. 
12. Fox R, Pope FM, Narcisi P, Nicholls AC, Kendall BE. Spontaneous carotid cavernous fistula in Ehlers 

Danlos syndrome. J Neurol Neurosurg Psy 1988;51:984-986. 
13. Graf CJ. Spontaneous carotid-cavernous fistula: Ehlers-Danlos syndrome and related conditions. Arch 

Neurol 1965;13:662-672. 
14. Lach B, Nair SG, Russell NAR, Benoit BG. Spontaneous carotid-cavernous fistula and multiple 

arterial dissectons in type IV Ehlers-Danlos syndrome. J Neurosurg 1987;66:462-467. 
15. Pope FM, Kendall BE, Slapak GI, Kapoor R, et al. Type II collagen mutations cause fragile cerebral 

arteries. Brit J Neurosurg 1991;5:551-557. 
16. Schoolman A, Kepes JJ. Bilateral spontaneous carotid-cavernous fistulae in Ehlers-Danlos syndrome; 

case report. J Neurosurg 1967;26:82-86. 
17. Schievink WI, Limburg M, Oorthuys JWE, Fleury P, Pope FM. Cerebrovascular disease in Ehlers-

Danlos Syndrome type IV. Stroke 1990;21:626-632. 
18. Oxland H, Andreassen TT. The roles of hyaluronic acid, collagen and elastin in the mechanical 

properties of connective tissue. J Anat 1980; 131:611-620. 
19. Mulvany ML Determinants of vascular hemodynamic characteristics. Hypertension 1984; 6 [SupplIII]: 

13-18. 
20. Dobrin PB, Baker WH, Gley WC. Elastolytic and collagenolytic studies of arteries. Arch Surg 

1984;119:405-409. 
21. Neil-Dwyer G, Bartlett JR, Nicholls AC, Narcisi P, Pope FM. Collagen deficiency and ruptured 

cerebral aneurysms. A clinical and biochemical study, J Neurosurg 1983 ;59:16-20. 
22. 0stergaard JR, Oxlund H. Collagen type III deficiency in patients with rupture of intracranial saccular 

aneurysms. J Neursurg 1987;67:690-696. 
23. Majamaa K, Savolainen E-R, Myllylä VV. Synthesis of structurally unstable type III procollagen in 

patients with cerebral artery aneurysm. Biochim Biophys Acta 1992; 1138:191-196. 
24. Ronkainen A, Hernesniemi J, Puranen M, et al. Familial intracranial aneurysm. Lancet 

1997;349:380-384. 

12 






