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Abstract

Objective: Although the endovascular technique represents an important,
minimally invasive approach to cerebrovascular diseases, only a few neurosurgeons
are trained in both endovascular and surgical management of intracranial vascular
pathologies. Our aim was to emphasize the importance of the endovascular
approach in neurosurgery by analysing the cerebral digital subtraction angiography
findings in our patients.

Materials and Methods: We analysed 207 patients who underwent cerebral
angiography between February 2011 and June 2014. They had previously been
diagnosed with cerebral vascular pathology including aneurysm, arteriovenous
malformation (AVM), carotid cavernous fistula, vasculitis and Moyamoya disease
according to computed tomographic angiography/magnetic resonance angiography
findings. Demographic data, indications for cerebral angiography, endovascular
and surgical treatments, complications and results were analyzed.

Results: This study included a total of 207 patients (108 males and 99 females) with
a mean age of 57.43+11.14 (17-83) years. A total of 234 selective angiographies
were performed. The indications for procedures were as follows: cerebral aneurysm
(n=118, 57%), Moyamoya disease (n=3, 1.4%), AVM (n=13, 6.3%), carotid cavernous
fistula (n=2, 1%), and intracranial vascular stenosis (n=2, 1%). No pathology was
found in 69 patients (33.3%).

Conclusion: Cerebral angiography is important not only in the diagnosis but also
in the treatment of cerebrovascular diseases. Neurointerventional surgery is a safe
and minimally invasive treatment option based on meticulous protocols, however,
it has not been included in the neurosurgery residency program yet. Developing
training programs for endovascular neurosurgeons provididing comprehensive
patient care should be considered.

0z

Amag: Endovaskiiler teknik serebrovaskiiler hastaliklara yaklasimda &nemli,
minimal girisimsel bir yol olmasina karsin, sadece birkac beyin cerrahi intrakraniyal
vaskiiler patolojilerde hem endovaskiiler hem cerrahi yontemde egitildi. Amacimiz
hastalarimizdaki serebral dijital c¢ikarma anjiyografisi bulgularini analiz ederek,
beyin cerrahide endovaskiiler yaklasimin 6nemini vurgulamaktir.

Gere¢ ve Yontemler: Subat 2011-Haziran 2014 arasi {iniversitemiz ndrosirurji ve
noroloji tinitelerinde serebral anjiyo olmus 207 hastayi analiz ettik. Hastalar 6nceden
bilgisayarli tomografi/manyetik rezonans bulgularina gore anevrizma, arteriovenoz
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malformasyon (AVM), karatiko kaverndz fistil, vaskiilit ve Moyamoya hastaligi gibi serebrovaskiiler hastalik tanisi almisti. Demografik
bulgular, serebral anjiografi endikasyonlari, endovaskiiler ve cerrahi tedaviler, komplikasyonlar ve sonuclar analiz edildi.

Bulgular: Bu calisma 57,43+11,14 (17-83) yas aralijinda 108 erkek ve 99 kadin icerir. Toplam 234 selektif anjiyografi yapildi.
Prosedirlerin endikasyonlari; serebral anevrizma (n=118, %57), Moyamoya hastaligi (n=3, %1,4), AVYM (n=13, %§6,3), karatiko
kavernoz fistll (n=2, %1) ve intrakraniyal vaskiler stenozdu (n=2, %1). Altmis dokuz hastada (%33,3) hi¢bir patoloji bulunmadi.
Sonug: Serebral anjiografi serebrovaskiiler hastaliklarin sadece tanisinda degil tedavisinde de dnemlidir. Norogirisimsel cerrahi, heniiz
beyin cerrahi egitim programinda olmamasina ragmen, titiz glivenli prosediirlere dayanan minimal girisimsel bir tedavi yontemidir.

Introduction

Despite recent advances in noninvasive diagnostic
neuroimaging, cerebral angiography is still the
gold standard in the evaluation of cerebrovascular
pathologies (1,2). The treatment choices for such
diseases are also widening, and the cerebrovascular
discipline has undergone dramatic changes in
recent years. Although many conventional and
traditional vascular operations are performed during
neurosurgery, endovascular treatment is still a
separate,alternativeprocedure.Vascularneurosurgery
must evolve toward both endovascular and surgical
management of cerebrovascular diseases (3-5). In
many countries, neurosurgeons have both open
surgical as well as endovascular techniques in their
armamentarium. However, only a few neurosurgeons
are trained in endovascular neurosurgery. The need
for endovascular neurosurgeons in this area will be
greater as the new endovascular techniques improve
over time. We believe that endovascular training
must be an integral part of a neurosurgical curriculum
which has yet to be planned in most of the countries.
Here, we aimed to emphasize the importance of and
need for an endovascular approach in cerebrovascular
diseases by analysing the angiography findings in our
patients with cerebrovascular pathologies.

Materials and Methods

This is a retrospective study of 207 consecutive
patients with cerebrovascular pathologies who
were admitted to our university Neurology and
Neurosurgery deparments between Februrary 2011
and June 2014. The patients had been previously
diagnosed with cerebrovascular pathology, including
aneurysm, arteriovenous malformation (AVM),
carotid cavernous fistula, vasculitis, and Moyamoya
disease according to noninvasive neuroimaging
studies including computed tomography (CT),
magnetic resonance imaging (MRI), CT angiography
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(CTA) and MR angiography (MRA). All subjects had
neurological examinations by a neurosurgeon or a
neurologist. Cerebral digital subtraction angiography
(DSA) procedures were performed in the angiography
suite by an endovascular specialist within 2-36 hours
(mean: 2.5%0.96 hour). Selective catheterization
of the carotids (internal, external), vertebral, or
subclavian arteries was usually performed. Patients
with hemorrhagic diathesis, renal insufficiency
and contrast allergy were excluded since cerebral
DSA could not be performed. The cerebrovascular
pathologies detected by cerebral DSA were as follows:
cerebral aneurysm, AVM, carotid cavernous fistula,
vasculitides, and Moyamoya disease. The cerebral
aneuryms were divided into six subgroups according to
their localisations, including anterior communicating,
middle cerebral, internal carotid and anterior
cerebral arteries, posterior circulation aneuryms and
multiple aneuryms. The symptomatic aneuryms with
subarachnoid hemorrhage (SAH) were also analysed
according to their World Federation of Neurological
Surgeons (WFNS) and Fisher scores. Additionally,
27 cerebral DSAs were performed again in patients
with vasospasm due to SAH and also for coiling
cerebral aneurysm. Demographic data, indications for
cerebral DSA, endovascular and surgical treatments,
complications, and results were analyzed.

Statistical Analysis

The Statistical Package for the Social Sciences
(SPSS) 14.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical analysis and a p value of less than 0.05 was
considered statistically significant. The results were
given as meantstandard deviation. Comparisons
of numeric values of all variables were performed
using the Mann-Whitney U-test or Student’s t-test.
Chi-square tests were used for analyzing categorical
variables. We tested whether or not the variables
which were detected in numeric scales in both groups
had normal distribution by using the Kolmogorov-
Smirnov test. WFNS and Fischer scores showed
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no normally distribution and, therefore, the Mann
Whitney U test was used. However, score values were
so closed to each other and, in order to emphasize
the difference, meanz standard deviation was used in
the tables.

Results

A total of 207 patients (108 males, 99 females)
with a mean age of 57.43+11.14 (17-83) years
underwent cerebral DSA. The pathologies detected
were as follows: cerebral aneurysm (n=118, 57%),
Moyamoya disease (n=3, 1.4%), AVM (n=13, 6.3%),
caroticocavernous fistula (n=2, 1%), and intracranial
vascular stenosis (n=2, 1%); there was no pathology
in 69 patients (33.3%). The cerebral aneuryms
were divided into six subgroups according to their
localisations: anterior communicating artery (n=39,
18.8%), middle cerebral artery (MCA) (n=28, 13.5%),
internal carotid artery (n=23, 11.1%), anterior cerebral
artery (n=4, 1.9%), posterior circulation aneuryms
(n=13, 6.3%), and multiple aneuryms (n=11, 5.3%).
In our study, 170 patients with SAH had vascular
pathologies diagnosed by cerebral DSA. The other 22
patients had SAH without cerebrovascular pathology.
Fourteen patients underwent cerebral DSA with a
suspicion of cerebral infarction due to vasculitis, but
only two of them had atherosclerotic intracranial
stenosis which was followed up with medical
treatment and no vasculitis was diagnosed. We also
compared the patients with SAH according to the
presence of vascular pathology (Table 1). The WFNS
(3.7+1.44 vs. 2.59+1.14, p=0.001) and Fisher scores
(2.9+0.9 vs. 2.5+0.67, p=0.02) were higher in patients
with a vascular pathology than in patients with normal
cerebral DSA. A total of 234 selective angiographies

Table 1. The demographic and clinical data of the
patients with subarachnoid hemorrhage

Patients with
cerebrovascular

Patients without
cerebrovascular

pathology (n=22) | pathology
(n=170)

Age 58.07+9.6 58.67+10.1 NS
Gender male | 12 (54.5%) 89 (52.4%) NS
(%)
WENS 2.59+1.14 3.7+1.44 0.001
Fisher score 2.5+0.67 2.9+0.9 0.02
WEFNS: World Federation of Neurosurgery Scale, NS: Not significant

were performed. In order to evaluate aneurysms
which could not be detected due to vasospasm,
in 22 patients, cerebral DSA was performed twice.
After the second cerebral angiography, new cerebral
aneurysms were detected in two patients who had
previously been shown to have a normal cerebral
DSA. One of our patients had a minor stroke due
to thromboembolism and one patient had aortic
dissectionaftercerebralangiographyasacomplication.
Five patients with aneurysm (anterior communicating
artery (n=2), internal carotid artery (n=1), anterior
cerebral artery (n=1) and basillar artery (n=1)) were
successfully treated in our clinic with endovascular
coil embolisation. The patient with anterior cerebral
artery aneurysm had AVM as well which was treated
afterwards by embolisation. Patients having MCA
aneurysms with a space-occupying hematoma,
aneurysms with a high dome-to-neck ratio for coiling
and patients with vascular anatomy unfavorable for
endovascular navigaton due to severe proximal vessel
tortuosity or carotid stenosis were not considered for
coiling. Such patients (n=86) were operated on and 60
patients recovered without any deficits, however, 26
patients died during follow-up. Thirty-eight patients
refused any kind of treatment and seven patients died
during medical treatment in the intensive care unit.

Discussion

This retrospective study demonstrated that
the diagnosis and treatment of cerebrovascular
pathologies can be done safely and effectively by
endovascular specialist neurosurgeons who perform
both endovascular and surgical treatments. We
analysed the data of 207 patients who underwent
cerebral DSA with indications of vascular pathologies,
including aneurysm, AVM, carotid cavernous fistula,
vasculitis and Moyamoya disease. One hundred
ninety-two patients had SAH and 88.54% of them
(n=170) had vascular pathology which was detected
by cerebral DSA. The WFNS and Fischer scores
were significantly higher in patients with vascular
pathology (Table 1). One hundred eighteen patients
had cerebral aneurysms which were evaluated by
neurosurgeons for either surgical or endovascular
treatment. Aneurysm endovascular coil embolisation
was performed successfully in five patients. Eighty-
six patients with SAH and vascular pathology were
operated on and 69.77% (n=60) of them recovered
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without any deficits, however, 26 patients (30.23%)
died. Although we did not investigate the long-term
outcome, it has been previously reported that there
was a significant correlation between both Fisher
grading scale and WFNS scores and the outcome
(6,7). Our data suggested that patients with SAH due
to vascular pathologies had a worse clinical status
with regard to Fisher and WFNS scores (8). Today,
neurointerventional procedures are continuing
to become more prevalent (9). There has been a
statistically significant increase in the number of
endovascular interventions in the management of
ruptured cerebral aneurysms, rising from 17.28% to
57.59% of cases (9). However, there is still a debate
as to whether this is really superior to microsurgical
management (10). It is unclear which treatment
modality is definitively better since cerebral aneurysm
represents a complex and multifactorial clinical
situation. The localisation, size and morphology of
aneurysm and the patient’s age, previous medical
historyand comorbid pathology, suchashydrocephalus
and massive parenchymal hematoma, may affect
the success of the treatment (11). The International
Subarachnoid Hemorrhage Trial was a randomized
controlled trial to assess coiling versus clipping in
2143 patients (12). At one year, clinical outcomes
based on the modified Rankin Scale score were better
in the endovascular treatment group than in those
who had undergone surgical treatment. Furthermore,
23.7% of endovascular patients were dependent or
dead at one year as compared with 30.6% of patients
randomized to open surgical treatment, and this was
statistically significant. Additionally, the risk of death
in patients randomized to coiling continued to remain
lower than the risk of death in patients in the surgical
cohort (r=0.77, p=0.03) (13). It has been reported in
the literature that in several randomised controlled
studies, endovascular treatment was a viable
treatment option that rivaled surgical clipping in
aneurysms (14,15). There are also studies suggesting
that there was no statistically significant difference in
angiographic occlusion or clinical outcome between
the two procedures in MCA aneurysms. However,
it should be noted that both retreatment and
procedural complication rates have been found to be
higher in endovascular group of patients (16). These
conflicting results mainly depend on the selection of
patients for endovascular treatment. In addition to
localisation of cerebral aneurysm, it is well known that
aneurysm size, patient age and medical comorbidities
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are important risk factors that can affect the patient’s
ultimate outcome (11,17). Many authors feel that
surgical clipping offers “select patients” with ruptured
aneurysms the best long-term clinical outcome
(14,18). Therefore, endovascular coil embolization
should be considered for patients with serious medical
problems, or where there is the risk of damaging blood
circulation during surgery which should be taken care
of by a clinician. In our study, we had 14 patients with
cerebral ischemic lesions concominant with cerebral
vasculitis detected on MRI. Technological progress
in neuroradiology brings out easier detection of
brain lesions. In cerebral vasculitis, angiographic
investigation is still the gold standard for evaluation
and should be performed in symptomatic patients for
differential diagnosis (19). Although we were unable
to detect any vasculitis, two of our patients had
atherosclerotic intracranial stenosis that was followed
up with medical treatment. In neuroradiology, there
has been a great improvement in the evolution of
endovascular techniques, and many new techniques
have been developed by neuroradiologists in the last
two decades (20,21). Building on their experience,
neurosurgeons should work to broaden the use
of neurointerventional methods in neurosurgery.
In 2012, the Stroke Council of the American Heart
Association published an update to the 2009
Guidelines for the Management of Aneurysmal
Subarachnoid Hemorrhage recommending that
determination of aneurysm treatment should be
a multidiciplinary decision of both experienced
cerebrovascular surgeons and endovascular specialists
based on the characteristics of the patient and the
aneurysm (17). Some authors have begun to discuss
the future of cerebrovascular neurosurgery (3-5,22-
24). Almost all vascular pathologies are now treated
with endovascular techniques and this brings out
the need for training endovascular neurosurgeons.
Therefore, endovascular training must necessarily be
a part of a neurosurgical curriculum which has yet to
be planned in many countries. As mentioned above,
the endovascular treatment option is continuing to
become more prevalent. We believe that evaluating
the aneurysm together with the neurological clinical
status of the patient should lower the possible
complications of endovascular treatments, and
this should be done by a clinician. As clinicians,
neurosurgeons should be able to follow a course that
trains them in both surgical and endovascular aspects.
Therefore, it is important for neurosurgeons to be
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trained and gain experience in neurointerventional
surgery.

Ethics

Ethics Committee Approval: This is a retrospective
study therefore no ethics committee approval was
taken.

Peer-review: External and internal peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: Ali Yilmaz, Abdullah
Topgu, Ayca Ozkul, Concept: Bayram Cirak, Feridun
Acar, Erdal Coskun, Design: Feridun Acar, Erdal Coskun,
Data Collection or Processing: Ayca Ozkul, Analysis or
Interpretation: Ayca Ozkul, Literature Search: Miicahit
Avcil, Writing: Ayga Ozkul.

Conflict of Interest: No conflict of interest was
declared by the authors.

Financial Disclosure: The authors declared that
this study has received no financial support.

References

1. Tomycz L, Bansal NK, Hawley CR, Goddard TL, Ayad MJ, Mericle
RA. “Real-world”comparison of non-invasive imaging to
conventional catheter angiography in the diagnosis of cerebral
aneurysms. Surg Neurol Int 2011; 2: 134.

2. Hirai T, Korogi Y, Ono K, Nagano M, Maruoka K, Uemura S, et
al. Prospective evaluation for suspected stenoocclusive disease
of the intracranial artery: combined MR angiography and CT
angiography compared with digital subtraction angiography.
AINR Am J Neuroradiol 2002; 23: 93-101.

3. Lanzino G, Rabinstein AA. Endovascular neurosurgery in the
United States: a survey of 59 vascular neurosurgeons with
endovascular training. World Neurosurg 2011; 75: 580-5.

4. PeschilloS, Delfini R. Endovascular neurosurgery in Europe and in
Italy: what is in the future? World Neurosurg 2012; 77: 248-51.

5. Shin DS, Yeo DK, Hwang SC, Park SQ, Kim BT. Protocols and results
of resident neurosurgeon’s transfemoral catheter angiography
training supervised by neuroendovascular specialists. J Korean
Neurosurg Soc 201; 54: 81-5.

6. Lindvall P, Runnerstam M, Birgander R, Koskinen LO. The Fisher
grading correlated to outcome in patients with subarachnoid
haemorrhage. Br J Neurosurg 2009; 23: 188-92.

7. Sodhi HB, Savardekar AR, Mohindra S, Chhabra R, Gupta V. The
clinical profile, management, and overall outcome of aneurysmal
subarachnoid hemorrhage at the neurosurgical unit of a tertiary
care center in India. J Neurosci Rural Pract 2014; 5: 118-26.

8. van Gijn J, Rinkel GJ. Subarachnoid haemorrhage: diagnosis,
causes and management. Brain 2001; 124: 249-78.

9. van Dijk JM, Groen RJ, Ter Laan M, Jeltema JR, Mooij JJ,
Metzemaekers JD. Surgical clipping as the preferred treatment
for aneurysms of the middle cerebral artery. Acta Neurochir
(Wien) 2011; 153: 2111-7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Santiago-Dieppa DR, Pannell JS, Khalessi AA. Endovascular
and surgical options for ruptured middle cerebral artery
aneurysms: review of the literature. Stroke Res Treat 2014;
2014:315906.

Taki W, Sakai N, Suzuki H; PRESAT Group. Determinants of poor
outcome after aneurysmal subarachnoid hemorrhage when
both clipping and coiling are available: Prospective Registry of
Subarachnoid Aneurysms Treatment (PRESAT) in Japan. World
Neurosurg 2011; 76: 437-45.

Darsaut TE, Jack AS, Kerr RS, Raymond J. International
Subarachnoid Aneurysm Trial - ISAT part Il: study protocol for a
randomized controlled trial. Trials 2013; 14: 156.

Molyneux AJ, Kerr RS, Birks J, Ramzi N, Yarnold J, Sneade M,
et al. Risk of recurrent subarachnoid haemorrhage, death, or
dependence and standardised mortality ratios after clipping
or coiling of an intracranial aneurysm in the International
Subarachnoid Aneurysm Trial (ISAT): long-term follow-up. Lancet
Neurol 2009; 8: 427-33.

Abla AA, Jahshan S, Kan P, Mokin M, Dumont TM, Eller JL, et
al. Results of endovascular treatment of middle cerebral artery
aneurysms after first giving consideration to clipping. Acta
Neurochir (Wien) 2013; 155: 559-68.

Davies JM, Lawton MT. Advances in open microsurgery for
cerebral aneurysms. Neurosurgery 2014; 74(Suppl 1): 7-16.

Diaz OM, Rangel-Castilla L, Barber S, Mayo RC, Klucznik R,
Zhang Y). Middle cerebral artery aneurysms: a single-center
series comparing endovascular and surgical treatment. World
Neurosurg 2014; 81: 322-9.

Bederson JB, Connolly ES Jr, Batjer HH, Dacey RG, Dion JE,
Diringer MN, et al. Guidelines for the management of aneurysmal
subarachnoid hemorrhage: a statement for healthcare
professionals from a special writing group of the Stroke Council,
American Heart Association. Stroke 2009; 40: 994-1025.
Rodriguez-Hernandez A, Sughrue ME, Akhavan S, Habdank-
Kolaczkowski J, Lawton MT. Current management of middle
cerebral artery aneurysms: surgical results with a clip first policy.
Neurosurgery 2013; 72: 415-27.

Berlit P. Diagnosis and treatment of cerebral vasculitis. Ther Adv
Neurol Disord 2010; 3: 29-42.

Dashti R, Hernesniemi J, Niemeld M, Rinne J, Porras M, Lehecka
M, et al. Microneurosurgical management of middle cerebral
artery bifurcation aneurysms. Surg Neurol 2007; 67: 441-56.
Bracard S, Abdel-Kerim A, Thuillier L, Klein O, Anxionnat R, Finitsis
S,et al. Endovascular coil occlusion of 152 middle cerebral artery
aneurysmes: initial and midterm angiographic and clinical results.
J Neurosurg 2010; 112: 703-8.

Ecker RD, Levy El, Hopkins LN. Workforce needs for endovascular
neurosurgery. Neurosurgery 2006; 59(Suppl 3): 271-6.
Harbaugh RE, Agarwal A. Training residents in endovascular
neurosurgery. Neurosurgery 2006; 59(Suppl 3): 277-81.

Jeon YI, Kwon DH. Current status and future prospect of
endovascular neurosurgery. J Korean Neurosurg Soc 2008; 43:
69-78.

Meandros Medical Journal 2016;17:59-63



