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Preface

In the last years progress has been made in stroke
treatment. In July 2004 specialists in neurosurgery,
neuroradiology, neurology and neurointensive care
discussed recent trends at the 2nd Swiss Japanese Joint
Conference on Cerebral Stroke Surgery held in Zurich,
Switzerland. Prof. Dr. Y. Yonekawa, Zurich and Prof.
D. Y. Sakurai, Sendai were the presidents of the con-
ference. New concepts were worked out during the
conference and are published in this volume. The book
starts with the topic intracranial aneurysms, discussing
microsurgical and endovascular treatment modalities,
as well as new surgical approaches. Further chapters
deal with the management of unruptured aneurysms
and with subarachnoid hemorrhage. Practical guide-
lines for vasospasm treatment are given. Together with
contributions about arteriovenous malformations and

fistulas, cerebral revascularization techniques and sur-
gery related to the intracranial venous system a com-
prehensive overview about stroke surgery is given with
an interdisciplinary approach. The book should be of
interest for all specialists involved in therapy of cere-
brovascular disease. The editors extend their gratitude
to the many contributors and to all those who partici-
pated in the conference. Publication of the proceedings
is partially supported by Research Fund for Cardio-
vascular diseases from Japanese Ministry of Health,
Labour and Welfare; Assessment of the quality of
medical care in cardio- and cerebrovascular diseases
and the principal national hospitals.

Y. Yonekawa, Y. Sakurai, E. Keller, and T. Tsukahara
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Microsurgical clipping of cerebral aneurysms after the ISAT Study

M. Niemeli', T. Koivisto?, L. Kivipelto', K. Ishii!, J. Rinne?, A. Ronkainen?, R. Kivisaari', H. Shen’,
A. Karatas!, M. Lehecka!, J. Frosen!, A. Piippo!, J. Jiiskeldinen?, and J. Hernesniemi'!

! Department of Neurosurgery, University Hospital Helsinki, Helsinki, Finland
2 Department of Neurosurgery, University Hospital Kuopio, Kuopio, Finland

“The arduous work of countless researchers has al-
ready thrown much darkness on the subject, and if they
continue, we shall soon know nothing at all about it”

Mark Twain

The ISAT Study nails low case load microsurgery of
cerebral aneurysms

This landmark study [9] — somewhat Twainian at
first glance — sets the stage for future microsurgery in
cerebral aneurysms and SAH. The ISAT Study does
not nail microsurgery — it will nail microsurgery in low
case load neurosurgical centers and in inexperienced
hands. In future neurovascular centers, exovascular
and endovascular surgeons are forced to support each
other by having the full responsibility over the popula-
tion in a defined geographical area. Exosurgeons will
become far more experienced — less in number but not
the last Mohicans.

Population based treatment of cerebral aneurysms and
SAH

In the national health ministries, it is wise to remem-
ber when deciding on the guidelines and facilities for
endosurgery and exosurgery that aneurysmal SAH is
a dismally deadly disease when treated with full popu-
lation responsibility. One third of patients present
with a large haematoma or severe hydrocephalus ne-
cessitating immediate surgery. Mortality and morbid-
ity figures are unattractive when the treatment center
functions as primary imaging center and accepts all
patients at ultra early phase to prevent rebleeding. Se-
lection and delayed aneurysm occlusion ensure low

percentages of management morbidity and mortality
— how about the patients who die of acute rebleeding
[7] or haematoma and do not get a chance of decent
recovery?

Kuopio and Helsinki Aneurysm Registries

Aneurysmal SAH is particularly frequent in Fin-
land. There is a linkage to 19q13.3 in Finnish aneur-
ysm families [17, 20] but the interplay of genetic and
acquired risks [10] remains to be solved. The Kuopio
and Helsinki Aneurysm Registries (a) support clinical
trials [12, 13, 19], (b) collect basic clinical data [5, 6,
16], (c) characterize aneurysm families and collect
blood samples [17, 20], and (d) collect aneurysm walls
resected after clipping of the neck [4]. The first pub-
lished prospective randomised study — well before
ISAT — compared the outcome with acutely ruptured
aneurysm after coiling or clipping at the Kuopio Uni-
versity Hospital in eastern Finland in 1995-1997 [11—
13, 19, 21]. Of the 199 patients (<75 years, <72 hours
from bleeding), only 109 (55%) were randomizable
either to endovascular occlusion or to exovascular
occlusion — e.g., 37 patients were excluded because of
haematoma or mass effect, and 33 because of aneur-
ysm morphology unsuitable for endovascular occlu-
sion [11].

Cellular and molecular biology of the cerebral
aneurysm wall is poorly known

Saccular cerebral artery aneurysms are not just pres-
surized blebs that threaten to leak. The cellular and
molecular biology of the aneurysm wall is poorly under-



stood because aneurysm sacs have not been resected for
research purposes after clipping of the neck. A study of
24 unruptured and 42 ruptured aneurysm walls from
the Helsinki Aneurysm Registry and Biomedicum Hel-
sinki showed that the wall becomes unstable before
rupture, showing proliferation, apoptosis, intimal hy-
perplasia, inflammatory cell infiltration, and thrombo-
sis lining the lumen [4]. Consequently, non-invasive
microneuroimaging methods are called for to identify
aneurysms prone to leak because most aneurysm will
not leak ever [8]. Gene expression profiling and pro-
teome analysis of the wall will guide future develop-
ment of both endovascular and exovascular occlusive
techniques.

Successful endovascular occlusion is a wonder of nature
— but is it permanent?

Exovascular occlusion of the aneurysm neck by clip-
ping is hydrodynamically effective but it takes craniot-
omy and microneurovascular dissection to get the job
done. Endovascular occlusion is hydrodynamically de-
manding. The occlusive material must stay in the lu-
men to induce and guide the fibrotizing wall reaction
— with recruitment of circulating cells — to occlude the
lumen and the entire base. Arteries adjacent to the
aneurysm base must remain patent which further
complicates the design of endovascular instrumenta-
tion. It is a wonder of nature that mechanical filling
of the lumen with metal coils ever results in smooth
re-arterialization over the occluded aneurysm orifice.
Successful endovascular occlusion owes to the im-
mense maintenance and healing capacity of the cere-
bral artery wall, the biology of which is incompletely
understood. Angiographically complete occlusion may
fail in the long run which necessitates repeated angio-
graphic follow up, a safety protocol that requires a lot
of DSA and endosurgeon capacity at the moment.

Exosurgery vs. endosurgery

In unselected aneurysm populations, e.g. in the
total of 400 annual cases of Helsinki and Kuopio, in
about 50% the aneurysm’s anatomy or the patient’s ar-
teries will allow satisfactory endovascular occlusion.
Exosurgery — in our opinion — is preferable at present
in the following instances:

— large or giant aneurysm
— very small aneurysm

M. Niemeli et al.

— wide base aneurysm

— large aneurysmal haematoma or severe hydrocepha-
lus

— severely atherosclerotic or tortuous cerebral arteries

Endosurgery of very small, large, and wide base aneur-
ysms will improve with technical development but not
at all exclusive of exosurgery.

Restorative exosurgery after failed endosurgery is
difficult

Failure in endovascular occlusion is more common
than in clipping. Endovascular failure may call for re-
storative exosurgery in the acute phase (failed occlu-
sion of aneurysm, rupture of aneurysm, occlusion of
major artery), or in the long run (failed occlusion).
Clipping of the aneurysm neck after failed coiling or
stenting is difficult with the risk of parent artery dam-
age and occlusion. Coils may project into the parent
artery or into the brain tissue, e.g. into the brain stem
from basilar tip or trunk aneurysms. Fibrotizing wall
may engulf coils already within two weeks which sup-
ports early restorative surgery when coil material has
to be removed. However, restorative exosurgery in
acute SAH is particularly difficult because brain is
swollen and affected by SAH. The overall situation
may call for high-flow bypass surgery [18] — a further
indication to keep exosurgery running. The stop of
low-flow bypass surgery in the 1980’s — inefficient
in the EC/IC Bypass Study [3] but now under re-
evaluation [15] — eroded neurovascular anastomosis
skills that have to be acquired again.

Technical aspects of exovascular aneurysm occlusion

In experienced hands, most aneurysms can be li-
gated quickly and permanently [2] —in a bloodless field
with gentle techniques, minimal or no brain retraction,
intact vascular anatomy, and minimal or no skull base
manipulation. The repertoire should include the fol-
lowing:

— careful opening and closure — preferably under the
operating microscope from skin to skin

— slack brain achieved by opening the lamina termina-
lis or by frontal ventriculostomy

— avoidance of the use of brain retractors

— sharp dissection rather than blunt dissection

— removal of thrombotic tissue from large aneurysms
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— speed of action to avoid ischaemic deficits when
using temporary clips

— moulding of the aneurysm base with bipolar coagu-
lation when necessary

— reconstruction of the parent arteries with clips when
included in the base of aneurysm

— dissection and resection of the aneurysm sac to
ensure perfect clip position after clipping

— intraoperative angiography in large and giant
aneurysms

— arteriotomy and thrombectomy of major cerebral
arteries

— both high-flow and low-flow bypass techniques

Exosurgery training

Comprehensive skills to clip most aneurysms and to
perform intracranial arteriotomies and anastomoses
are not easily acquired. Less neurosurgeons will take
the track with the advent of endosurgery [14]. It takes
a lot of passionate work and the learning curve is not
short — in the senior author’s (JH) hands, the operative
time has dropped below one hour in most cases from
two hours a decade ago. Taking digital high quality
video clips and discussing them with others is ex-
tremely healthy — leading exosurgeons should produce
comprehensive video libraries and make them widely
available. Leading exosurgeons — like concert pianists
— may trace back master-apprentice or senior-junior
lineages, with professor Yasargil affecting them all
[22]. Professor Yasargil emphasizes (a) profound
knowledge of microneurosurgical anatomy acquired
in cadaveric laboratories [1], and (b) gentle handling
of cerebral arteries and veins acquired by performing
microvascular anastomoses in rats — vessels of mice
are particularly educative. Delicate endomicroscopes
and instrumentations are already being developed,
but exosurgeons are still married to the dinosauric exo-
microscope. The practice of using a mouth-controlled
microscope from skin to skin — freeing both hands to
operative work — greatly helps to tame the beast.

CT angiography saves time and money

The use of DSA might have biased the ISAT result as
the mean allocation-to-treatment interval was 1.1 days
in the endovascular group as against unbelievable 1.7
days in the microsurgical group. In acute SAH, CT an-
giography as the first imaging method spares time and
the patient. With ultrarapid CTA, aneurysm patients

can be transferred within one hour after their SAH to
the exosurgery room [4] or the endosurgery DSA room
— or to the future exo-endo-surgery suite. The problem
of coil and clip artefacts in CTA has to be vigorously
solved — present titanium clips may still obscure post-
operative CTA. Future refinement of CTA may allow
detailed verification of (a) the immediate post clipping
anatomy in the aneurysm region, and (b) the follow up
for re-filling after endovascular occlusion.

Future neurovascular center

Competent exovascular and endovascular surgeons
should form neurovascular teams to discuss and tailor
an individual treatment for each patient, including
aneurysm patients. One center with a team of five to
six surgeons — exosurgeons and endosurgeons working
together — could easily occlude all aneurysms diag-
nosed in Finland per year — some 600 patients. How-
ever, SAH patients require a lot treatment before and
after the actual imaging and occlusion — taking few
hours at most — of the aneurysms. One national center
is not conceivable in Finland because of long transfer
distances but could be practical in small densely popu-
lated nations.

Conclusions

1. Only specialized neurovascular exosurgeons should
continue open aneurysm surgery.

2. Competent exovascular and endovascular surgeons
should collaborate in population based neurovas-
cular centers, discussing and tailoring an individual
treatment for each patient, including aneurysm
patients.

3. The cellular and molecular biology of the aneur-
ysm wall as well as the interplay of genetic and en-
vironmental riks factors should be elucidated. Bio-
logical prevention — avoidance of smoking as a
prime example — will improve management results
far more than any endovascular or exovascular me-
chanical approach.
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Summary

We report our results of endovascular treatment for elderly
patients with ruptured aneurysm and discuss the indication for treat-
ment. One hundred and thirty four consecutive patients with rup-
tured aneurysm treated in our institute during the last 4 years were
retrospectively evaluated. Fifty eight patients were included in group
A (over 70 years old), and 76 patients in group B (under 69 years
old). In both groups, the outcome was strongly related to the preop-
erative Hunt & Kosnik grade. However, significant risk factors
(i.e. pneumonia, rupture of extracranial aneurysm) which make
prognosis poor were more common in group A. Group A showed
poor outcome in grade III patients, although there were no outcome
differences between the two groups in patients of other grades. Endo-
vascular treatment for elderly patients with ruptured aneurysms
seemed to be useful. Their outcome was strongly related to their pre-
operative condition. General risk factors should be evaluated before
treatment, especially in elderly patients. Patients with low Hunt &
Kosnik grade seem to be most suitable for endovascular treatment.
On the other hand, outcome of patients with poor preoperative grade
was worse despite the less invasive nature of endovascular treatment.
An improvement of outcome in grade I1I patients is desirable.

Keywords: Cerebral aneurysm; rupture; subarachnoid hemor-
rhage; elderly patient; coil embolization; endovascular treatment.

Introduction

Surgical treatment of ruptured cerebral aneurysms
in elderly patients is difficult, and their prognosis is
worse as compared to younger patients [4]. Endo-
vascular treatment using Guglielmi Detachable Coil
(GDC) is an important alternative in the treatment of
cerebral aneurysms [1, 3]. We report our results of en-
dovascular treatment in elderly patients with ruptured
aneurysm and discuss the indication for treatment.

Materials and methods

From January 2000 to March 2004, 182 consecutive patients with
cerebral aneurysm, treated with endovascular embolization using
GDC in our institute, were retrospectively evaluated. Of these 134

patients with ruptured aneurysm were treated at acute stage of sub-
arachnoid hemorrhage. They were divided into two groups accord-
ing to their age at onset. Group A included patients older than 70
years and group B included those who were younger than 69 years.
Several factors such as preoperative condition (Hunt & Kosnik
grade), complications, and outcome (Glasgow Outcome Scale:
GOS) were retrospectively evaluated.

Results

Group A (>70 years) included 58 patients
(Male: Female = 14:44), and group B (<69 years)
included 76 patients (Male:Female = 34:42). Their
mean age was 78.6 (range 70-99) years in group A,
and 53.9 (range 23-68) years in group B. Location of
aneurysms is shown in Fig. 1. The relationship be-
tween preoperative Hunt & Kosnik grade and GOS is
demonstrated in Fig. 2. Patients’ outcome was strongly
related to their preoperative condition in the two
groups. Group A showed poor outcome in grade 11
patients as compared to group B, but there were
no outcome differences between both groups in other
grade patients.

Poor outcome in group A patients was attributable
to initial brain damage in 7 patients, pneumonia or
respiratory failure in 3 patients, bleeding from extra-
cranial aneurysm in 2 patients (abdominal aorta
aneurysm and splenic aneurysm), rebleeding from em-
bolized aneurysm in 2 patients, multiple organ failure
in 1 patient, liver failure in 1 patient, and vasospasm in
1 patient. Poor outcome in group B patients was attrib-
utable to initial brain damage in 19 patients, rebleed-
ing from embolized aneurysm in 2 patients, bleeding
from another cerebral aneurysm in 1 patient, and vaso-
spasm in 1 patient.

Both groups showed the same number of complica-
tions, which included rebleeding from embolized
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aneurysm in two patients, cerebral infarction in two
patients, and intra-procedural aneurysmal rupture in
one patient in each group.

Discussion

Since the proportion of elderly in the population
of developed countries is increasing, we are faced with
a growing number of aged patients with ruptured
cerebral aneurysms [4]. Surgical treatment of elderly
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Fig. 2. Preoperative Hunt & Kosnik grade and outcome (Glasgow
outcome scale) (left; group A, right; group B). ll D; m SD;  MD;
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patients is usually difficult, and their prognosis is gen-
erally not so good as in younger patients. Since the
introduction of GDC, endovascular embolization of
cerebral aneurysms has become an important alterna-
tive in the treatment of cerebral aneurysms [1, 3]. This
technique can be very useful for elderly patients be-
cause of its less invasive nature. A recent randomized
controlled study suggests that in patients with ruptured
intracranial aneurysm, for which endovascular coiling
and neurosurgical clipping are therapeutic options, a
significantly better outcome in terms of survival free
of disability at one year is achieved with endovascular
coiling [2].

We have actively used this new technique in the past
years for the treatment of ruptured cerebral aneurysms
especially in the older age group. Our current indica-
tions for GDC embolization include vertebral artery
dissecting aneurysm (VADA), high risk for general
anesthesia, aged patients (over 7075 years old), poor
neurological grading (H & K grade IV-V), surgical
difficulty (location), and vasospasm period. One
limiting factor in this study is the different location of
aneurysms between the two groups. In the younger pa-
tient group one third of patients had VADA, whereas
a high frequency of internal carotid artery aneurysm
occurred in the elderly patient group.

In this retrospective study, the overall outcome and
complication rate in the older age group were similar
to that of the younger patient group, which was in
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line with our expectations. However, significant gen-
eral risk factors, such as pneumonia and rupture of ex-
tracranial aneurysms, made their prognosis poor and
were more common in the elderly patient group. Gen-
eral risk factors should be checked before treatment of
elderly patients. In addition, Hunt & Kosnik grade III
patients in group A tended to have more neurological
problems including muscle power weakness and cogni-
tive dysfunction, which made their outcome moder-
ately disabled (MD). This is another specific problem
in older subjects as the majority of grade III patients
in the younger patient group showed good outcome.
Aged patients need to resume their preinsult activities
as soon as possible after treatment to improve their
chances for a good outcome. Early rehabilitation and
meticulous general care should be provided to elderly
patients. From this point of view, endovascular treat-
ment might have an advantage over surgical treatment
because of its less invasiveness. A comparison between
endovascular and surgical treatment would be needed
to prove this hypothesis, and we are pursuing such a
study in the near future.

Conclusion

Endovascular treatment for elderly patients with
ruptured aneurysm seems to be useful. Outcome is

strongly related to their preoperative condition. Gen-
eral risk factors should be evaluated before treatment,
especially in elderly patients. Good H & K grade pa-
tients are suitable for endovascular treatment, on the
other hand, outcome of poor grade patients was worse
despite the less invasive nature of endovascular treat-
ment. An improvement of outcome in grade III pa-
tients is desirable.
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Summary

Endovascular embolization using Guglielmi Detachable Coils
(GDCs) for complicated intracranial aneurysms has become widely
accepted as an alternative to direct surgery. There is now a choice of
therapeutic options for the management of cerebral aneurysms. The
decision for treatment of an individual patient should be based on
objective selection of the safest and most effective treatment. In addi-
tion, less invasive and cost effective treatment should be chosen. It is
self-evident that the primary consideration in the selection process
must be the immediate and long-term welfare of the individual pa-
tient, rather than the physician’s preference for any specific treat-
ment modality.

GDC embolization is a less invasive and safe treatment with low
incidence of periprocedural morbidity, and has been successful in
preventing acute subsequent bleeding, whereas follow-up results are
less satisfactory in cases involving incompletely obliterated lesions.
High incidence of recanalization was promoted in cases with neck
remnant and/or body filling.

In contrast, the most important advantage of direct surgery is
long-term durability, while conditions of patients and aneurysmal
geometry limit the indication of direct surgery. In addition, direct
surgery could be applied to complicated aneurysms with wide-neck
or branching from the neck in combination with vascular reconstruc-
tion technique, such as EC-IC bypass.

With these limitations in mind, patients need to be very carefully
chosen for GDC embolization or direct surgery.

Keywords: Cerebral aneurysm; direct surgery; endovascular treat-
ment; GDC.

Introduction

Recent advancement in neurosurgery and interven-
tional neuroradiology has brought us a new aspect to
the treatment of cerebral ancurysms. There is now a
choice of several therapeutic options for the manage-
ment of cerebral aneurysms [1, 2, 9]. The selection of
interventional neuroradiologic techniques with GDC,
therefore, requires consideration of neurosurgical tech-
niques, just as the selection of neurosurgical treatment
requires an analysis of endovascular alternatives. De-

cision for the treatment of an individual patient should
be based on objective selection of the safest and most
effective treatment. It is self-evident that the primary
consideration in the selection process must be the im-
mediate and long-term welfare of the individual pa-
tient, rather than the physician’s preference for any
specific treatment modality.

Safety, efficacy and limitations of treatment

As for the safety of treatment, there is no significant
difference between coil embolization and direct sur-
gery regarding the periprocedural mortality and mor-
bidity. Concerning the degree of invasion, GDC em-
bolization is apparently less invasive and has been
successful in preventing acute subsequent bleeding,
whereas follow-up results are less satisfactory in cases
involving incompletely obliterated lesions. High inci-
dence of recanalization was promoted in such cases.
From my personal experience, 64.9% of incompletely
obliterated aneurysms displayed recanalization or re-
growth on follow-up angiography, 13.5% of incom-
pletely obliterated aneurysms exhibited progressive
thrombosis, 21.6% remained unchanged. The most im-
portant advantage of direct surgery is long-term dura-
bility, while conditions of patients and aneurysmal
geometry limit the indication of direct surgery. In con-
trast, the advantage of coil embolization is that pa-
tients’ medical condition and aneurysmal geometry
do not affect the indication of coil embolization. Fig-
ure 1 demonstrates a ruptured large fenestrated basilar
artery aneurysm. Direct surgery for this aneurysm was
considered to be extremely difficult, while complete oc-
clusion of aneurysm could be achieved by coil emboli-
zation.
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Fig. 1. Left: Right vertebral angiogram demonstrates a ruptured large fenestrated basilar artery aneurysm. Right: Angiogram obtained after

coil embolization demonstrates complete occlusion of aneurysm
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Fig. 2. Left: Left vertebral angiogram shows a small basilar tip aneurysm with relatively wide neck. Center: The first coil protruded to the
basilar artery, so that the coil was retrieved to avoid thrombo-embolic complication. Right: Angiogram obtained after surgical neck clipping

demonstrates complete obliteration of aneurysm

Aneurysms with ill-defined neck or branching from
the neck or dome of aneurysm are not suitable for coil
embolization. Figure 2 shows a small basilar tip aneur-
ysm with relatively wide neck. Coil embolization was
attempted once, but the first coil protruded to the basi-
lar artery, so that the coil was retrieved to avoid
thrombo-embolic complication. Surgical neck clipping
was performed without any insults.

Aneurysms with mass effect may be a contra-
indication for coil embolization. Direct surgery is to
be preferred for this lesion.

Limitation of access route, such as marked athero-
sclerosis, makes endovascular coiling difficult. Figure

3 shows a low positional basilar tip aneurysm with
limitated access via endovascular route, left VA was
occluded and right VA origin exhibited coiling. Direct
surgical clipping was done with modern skull base sur-
gical technique, thus low positional basilar tip aneur-
ysms could be managed safely. Through the standard
pterional approach, the operative view is quite re-
stricted. Anterior clinoidectomy enhanced mobiliza-
tion of IC and widened the operative field, so that the
posterior clinoid process could be removed. Definitive
clipping could be achieved with preservation of all per-
forating branches.

Coil embolization could not be applied to compli-
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Fig. 3. (A) Left vertebral angiogram shows a small basilar tip aneurysm. (B) Lateral view of angiogram demonstrates that the neck of aneur-
ysm was below the posterior clinoid process. (C) Angiograms demonstrate that a left VA was occluded and origin of right VA exhibited coiling.
(D) Definitive clipping could be achieved with preservation of all the perforating branches

Fig. 4. (A) 3D CT angiogram shows a high positioned large left PCA (P2) aneurysm. (B) Lateral view of angiogram demonstrates that the
aneurysm was 2 cm above the posterior clinoid process. (C) Angiogram obtained after surgical trapping demonstrates complete obliteration
of aneurysm. (D) The post-operative left carotid angiogram demonstrates that the distal left PCA was perfused via STA-PCA anastomosis

cated aneurysms with occlusion intolerance, whereas
such aneurysms could be managed by direct surgery
in combination with vascular reconstruction tech-
nique, such as EC-IC bypass. Figure 4 shows a high
positioned large left P2 aneurysm. Balloon occlusion
test of left P1 indicated that the patient was intolerable
for permanent PCA occlusion. Direct surgery is prefer-
able for such complicated aneurysms with occlusion
intolerance. STA-PCA anastomosis and trapping of
aneurysm was performed. Proximal PCA was ap-
proached via supra IC bifurcation space, as aneurysm
was high positional. Distal PCA was approached
through partial corticotomy of entorhinal cortex.
The post-operative angiogram demonstrated that the
aneurysm was completely trapped and distal left PCA
could be seen via STA-PCA anastomosis.

Collaboration between direct surgery and endovascular
coiling

Collaboration between direct surgery and endovas-
cular coiling has become an important factor. Not

only when the procedure failed or to attempt another
treatment modality, but also real collaboration, such
as tentative coiling followed by definitive clipping or
surgical vascular reconstruction followed by coil em-
bolization, is useful in the treatment of complicated
aneurysms. Figure 5 shows a case with ruptured right
MCA aneurysm with ill-defined neck and mild vaso-
spasm adjacent to the aneurysm. The patient consulted
our clinic on day 7. In order to prevent rebleeding as
well as deterioration of vasospasm, tentative coil em-
bolization was performed with aneurysmal neck pa-
tent. It is one of the great advantages of coil emboliza-
tion to occlude the aneurysm without manipulation of
the brain parenchyma and the cerebral vasculatures.
Two weeks later, definitive neck clipping was per-
formed without any difficulty. Figure 6 shows large
VA union aneurysm located midline, and left PICA
was delivered from the dome of the aneurysm. OA-
PICA anastomosis was made, and left PICA was
clipped at its orifice. Coil embolization was followed
by OA-PICA anastomosis.
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Fig. 5. Left: 3D CT angiogram shows a ruptured right MCA aneurysm with ill-defined neck and mild vasospasm adjacent to the aneurysm.
Center: Right carotid angiogram obtained after tentative coil embolization demonstrates that the rupture site of aneurysm was occluded with
aneurysmal neck patent. Right: Definitive neck clipping was performed without difficulty

Fig. 6. Left: Left vertebral angiogram shows a large VA union aneurysm located midline, and the left PICA was delivered from the dome of the
aneurysm. Center: Left carotid angiogram obtained after left OA-PICA anastomosis demonstrates that the left PICA was perfused via OA-
PICA anastomosis (arrow). Right: Angiogram obtained after coil embolization demonstrates occlusion of aneurysm

Discussion

Endovascular embolization using GDCs for compli-
cated intracranial aneurysms has become widely ac-
cepted as an alternative to direct surgery. Published re-
ports of early clinical and angiographical results have
been promising [1, 2, 9], but long-term efficacy of the
GDC methods remains to be determined. Interna-
tional Subarachnoid Aneurysm Trial of neurosurgical
clipping versus endovascular coiling (ISAT) suggested
that in patients with a ruptured aneurysm, for which
endovascular coiling and surgical clipping are thera-
peutic options, outcome is significantly more favorable
with endovascular coiling [5]. The ISAT also suggests
that the risk of rebleeding is higher and retreatment
has to be performed somewhat more frequently with
endovascular coiling. Longer term follow-up is vital
to answer the question of durability of endovascular
coiling. Endovascular coil embolization is a safe treat-

ment with low incidence of periprocedural morbidity,
and has been successful in preventing acute subsequent
bleeding, whereas follow-up results are less satisfac-
tory in cases involving incompletely obliterated le-
sions. High incidence of recanalization was promoted
in such cases. 64.9% of incompletely obliterated aneur-
ysms showed aneurysmal recanalization or regrowth
in my series [7]. Incomplete endovascular occlusion of
aneurysm leaves the patient at risk for future expan-
sion and future subarachnoid hemorrhage [3, 4, 6, 8,
10]. Coil embolizations should not be chosen unless
complete obliteration of aneurysms can be achieved.
Surgical clipping can be applied to complicated aneur-
ysms which have unsuitable configuration for coil em-
bolization, such as ill-defined neck or branching from
the neck, in combination with the vascular reconstruc-
tion technique. With this limitation in mind, patients
need to be very carefully chosen for GDC.
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Conclusions

The selection of interventional neuroradiologic
techniques requires consideration of neurosurgical
techniques, just as the selection of neurosurgical treat-
ment requires an analysis of endovascular alternatives.
The decision for treatment should be based on objec-
tive selection of the safest and most effective treatment.
Further refinements of GDC technology are necessary
to improve morphological and clinical outcomes.
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Summary

Objective. The standard pterional approach has been used to
approach aneurysms of the anterior circulation and the basilar tip,
suprasellar tumors, cavernous lesions. The senior author (JH) estab-
lished a lateral supraorbital approach as an alternative to the pterio-
nal approach after continuous trial and error. We describe the tech-
niques of this approach based on clinical experiences.

Methods. The lateral supraorbital approach is more subfrontal
and anterior than the pterional approach. This approach has been
regularly used by the senior author (JH) in the last decade in more
than 2000 operations for mostly aneurysms of anterior circulation,
but also for tumors of the anterior fossa and parasellar area as well
as the sphenoid wing area.

Results. This approach can be used to operate on most cases, in
which the classical pterional approach would be used. There are al-
most no craniotomy-related complications with this approach. This
approach is not suitable in certain lesions which need to be exposed
from a more temporal perspective.

Conclusion. This approach is simpler, faster, safer and less invasive
than the classical pterional approach.

Keywords: Approach; supraorbital; pterional; cerebral aneurysm;
intracranial aneurysm; subarachnoid hemorrhage; surgery.

Introduction

The standard pterional approach introduced and
established by Yasargil is widely recognized and has
been a gold standard to approach lesions in the sellar
and suprasellar region, Circle of Willis, Sylvian fissure
and even the superior part of the clivus and basilar ar-
tery [7-9]. This approach has been proved of great
benefit for safe microsurgery, and can be successfully
used for both tumors and vascular pathologies. The
senior author (JH) has established and developed a
modified approach which is simpler and faster than
the standard pterional approach [4]. We call this the
lateral supraorbital approach which is different from

the so-called “eye-brow incision” with a very small
bone flap and more anterior location used in some in-
stitutions [1-3, 5, 6]. The lateral supraorbital approach
is more subfrontal and located more anteriorly than
the pterional approach. This approach is simple, less
invasive and useful as an alternative to the classical
pterional approach. This approach has been regularly
used by the senior author (JH) in the last decade in
more than 2000 operations, mainly in aneurysm sur-
gery, but also in tumors of anterior fossa — parasellar
— sphenoid wing area.

Operative procedure

The patient is positioned supine, the head elevated
above the cardiac level to reduce bleeding. Head is
fixed with three or four pins in the head frame (May-
fied or Sugita) and is rotated 15-45 degrees towards
the opposite side and tilted slightly dependent on the
precise location of the lesion. Hair shaving should be
minimal still allowing a large enough oblique fronto-
temporal skin incision behind the hairline if possible.
The skin incision is short and does not even go down
in front of the ear to the level of zygomatic arch
(Figs. 1, 2A). The line of skin incision is usually behind
the hair line, but its medial part can be done in a skin
wrinkle in bold or partially bold patients. The one
layer skin-galea-muscle flap is dislocated after detach-
ment from the bone by diathermy, thus avoiding any
injury of the branches of facial nerve, and spring hooks
are used to retract the flap anteriorly until the superior
orbital rim and the anterior zygomatic arch are ex-
posed (Fig. 2B). The temporal muscle is split only in
its superior and anterior part. Only one burr hole is
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Sylvian fissure

Fig. 1. A drawing illustrating the skin incision, the craniotomy mar-
gins, and the location of the Sylvian fissure in lateral supraorbital
approach (a solid line) compared to pterional approach (a dotted
line). F frontal lobe, T temporal lobe

placed posteriorly just below the insertion line of the
temporal muscle (Fig. 2C). If necessary, depending
on the size of the flap, thickness of the bone and adher-
ence of the dura in elderly patients, another burr hole
may be added over the pterion. The bone flap is de-
tached mainly by side-cutting craniotome, but basal
part is drilled off before lifting the flap (Fig. 2C). The
bone flap is sized from 3 x 3 to 4 x 4 cm (Fig. 2E).
The lateral sphenoid ridge and vertical bone on its
both sides is drilled off until the bony exposure is along
the skull base (Fig. 2D). Oozing from the bony sur-
faces is controlled by hot drilling (without saline irriga-
tion) with diamond tipped drill. The dura mater is
opened in a curvilinear incision pointing anterolater-
ally, and elevated with stitches (Fig. 2F). The operat-
ing microscope is brought in place. The Sylvian fissure
is just on the temporal edge of the craniotomy and all
the work to open the fissure is done from the frontal
side (Fig. 1, 2G). After opening the Sylvian fissure
minimally, it is filled with water injection technique
and opened proceeding towards the aneurysm site.
During these maneuvers, the Sylvian fissure is dis-
sected with move towards midline of the opening. The
use of retractors for brain dislocation is not necessary
in most cases. In closure, the fixation of the bone flap
with two Caniofix %R is used (Fig. 2H).

J. Hernesniemi ef al.

Discussion

The gold standard pterional approach has been used
for many years to access both tumors and vascular le-
sions, located in the sellar and suprasellar area as well
as Circle of Willis, Sylvian fissure, the superior part of
the clivus and basilar artery in many institutions [7-9].
However, this approach is quite extensive and includes
a lot of drilling of the skull base especially in the tem-
poral region, including the sphenoid wing. Removal of
the anterior clinoid may have complications: the sphe-
noidal sinus can be entered quite frequently causing
CSF leak leading often to an infection, and optic or
oculomotor nerve lesions are possible. Epidural hema-
toma and an injury of the upper branch of the facial
nerve may be caused by this approach. All these com-
plications are not frequent but do occur even in the
best hands. Also the cosmetic effect after the pterional
craniotomy is not always satisfactory because of pos-
sible temporal muscle atrophy.

The lateral supraorbital approach has been devel-
oped and established as an alternative to this classical
approach. The development of this approach was
gradual just to make the procedure as simple and fast
as possible and to reduce the craniotomy-related
complications. Our approach is different from the
“key-hole” supraorbital approach with an “eyebrow
incision” and a very small frontal bone flap [1-3, 5,
6]. We do not use it except for some rare cases. Eye-
brow incision is not accepted by our Finnish patients
for cosmetic reasons because they have thin, blond
eye brows. In elderly patients without specific cosmetic
needs who have been operated on mainly for olfactory
meningiomas or some aneurysms, the eye brow inci-
sion has been used without difficulties but also with
no advantages as compared to lateral supraorbital
approach. The anatomy is different, and the distance
to the optic nerve is longer from the eyebrow, and the
small craniotomy may be risky if some difficult hemor-
rhagic complications occur. It is noted during the
years, that a difficult aneurysm is usually operated on
through a larger flap than necessary. It is the fear and
respect of the lesion that makes a large flap seem safer.

»

»

Fig. 2. The skin incision is placed just behind the hairline and does not go so far down in front of the ear as in the pterional approach (A).
Pterion is still the central point of the craniotomy (A). The soft tissues are retracted as one layer flap and the anterior attachment of the zygo-
matic arch and the superior orbital rim have to be exposed (B). Only a small frontal part of the temporal muscle is split and detached from the
temporal line (B). One burr hole is made approximately 4 cm above the pterion in the temporal line (C). Small craniotomy is then made ex-
tending 2-3 cm anteriorly from the burr hole and 2—-3 cm posteriorly from it, ending at the sphenoid wing (C, D, E). Skull base at the superior
orbital rim needs usually only a little drilling (D). The anterolateral part of the frontal lobe is disclosed after dural opening, and the Sylvian
veins are hidden just below the posterior and basal edge of the craniotomy (G). The bone flap fixation using two Craniofix %R is sufficient (H)



Lateral supraorbital approach

19



20 J. Hernesniemi et al.: Lateral supraorbital approach




Lateral supraorbital approach

The advantage and disadvantage of the lateral
supraorbital approach is as follows. The craniotomy
is very fast, can be performed in 5-10 minutes which
substantially shortens the overall operation times
(shortest operation time from skin-to-skin 25 minutes
in an MCA aneurysm). The short skin incision does
not even go down in front of the ear to the level of
zygomatic arch as in pterional approach causing less
trauma to the temporal muscle. There is no risk to in-
jure the upper branch of the facial nerve, because the
use of a combined skin and muscle flap. The cosmetic
result of this incision is good since it is usually behind
the hair line. The medial part of the incision can be
done in a skin wrinkle in bold or partially bold pa-
tients. Even here the wound is at first visible, but after
healing the cosmetic result is excellent. The temporal
muscle is split only in its superior and anterior part
which decreases the postoperative problems with
chewing, and as mentioned earlier, late muscle atrophy
is practically not seen. One burr hole is usually suf-
ficient for the craniotomy, but if the dura mater is
tightly attached to the bone it may be torn, particularly
in elderly patients. The bone flap can be quite small
which decreases the risk of craniotomy-related compli-
cations, particularly CSF leak, postoperative epidural
hematoma, and also infection. The size of the craniot-
omy is absolutely sufficient to reach the whole anterior
part of the Circle of Willis, sellar, suprasellar legion
and also anterior part of the basilar artery if it is lo-
cated superiorly from the posterior clinoid process.
This approach has certainly some limitations, and is
not suitable and not used for some lesions; certain
lesions need to be exposed from a more lateral (tem-
poral) perspective: posterior communicating artery
aneurysms pointing posteriorly, large and giant middle
cerebral artery (MCA) aneurysms, particularly those
pointing laterally against the sphenoid wing and lower
positioned basilar tip artery aneurysms. In these situa-
tions, a pterional or subtemporal approach (even
combined) is necessary. The other approaches by a
more temporal craniotomy are also required in MCA
aneurysms with a large temporo-parietal intracerebral
hematoma.
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Conclusion

The pterional craniotomy is the classic approach to
lesions in the anterior part of the Circle of Willis, the
sellar and suprasellar area, the Sylvian fissure, and
also to the upper part of the clivus and basilar artery.
As a simple alternative we present the lateral supraor-
bital approach, which is useful in most of the indica-
tions where the pterional approach would be used.
The lateral supraorbital approach is fast, simple and
rather atraumatic, which are advantages as compared
to other approaches. Notably, there are almost no
craniotomy-related complications with this approach.
We still have a classic pterional approach in our arma-
mentarium, since some of the pathologies cannot be
removed by the described approach.
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Fig. 3. Drawing illustrating the operative various views in lateral supraorbiral approach. An aneurysm located at right proximal internal ca-
rotid artery (A), right posterior communicating artery (B), left internal carotid artery bifurcation (C), anterior communication artery (D), an-
terior communication artery and right middle cerebral artery bifurcation (E), and left middle cerebral artery bifurcation (F)
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Summary

Surgical treatment of paraclinoid aneurysms is considered to be
difficult due to their complicated anatomical location in the vicinity
of important neural, vascular and bony structures. We present our
clinical experience of the past 10 years of conventional microsurgical
treatment of 81 paraclinoid aneurysms in 75 patients with the use of
selective extradural anterior clinoidectomy SEAC and discuss the
method of therapy option by reviewing recent reports on results of
endovascular coiling method and the combination of these with con-
ventional microsurgical therapy. The favorable surgical results with
the use of SEAC and no recurrence of the treated aneurysm after
clipping procedure in our series indicate that direct surgery can still
be a standard technique for paraclinoid aneurysms in view of the fact
that the endovascular aneurysm coiling methods are still associated
with a considerable percentage of incomplete occlusion and present
the problem of coil packing.

Keywords: Paraclinoid aneurysm; clipping; SEAC; endovascular
surgery; outcome; complication.

Introduction

Paraclinoid aneurysm is a term coined for aneur-
ysms arising from the segment of the internal carotid
artery as it exits from the cavernous sinus (CS) to the
point of origin of the posterior communicating artery.
The internal carotid artery ICA in this segment runs
through the clinoid space and the subarachnoid space.
Aneurysms of this paraclinoid segment remain to be
one of the technically challenging topics for neurosur-
geons [4, 18, 35, 39, 45]. Before the development of
microsurgical cranial base techniques, direct access
to these aneurysms was often hampered by the ob-
structing anterior clinoid process (ACP). Satisfactory
clipping was also technically difficult in terms of pres-
ervation of patency of the ICA and its branches due to

existence of considerable number of giant or large
aneurysms with or without partial thrombosis in this
region [1, 24, 29]. In 1997, the technique of selective ex-
tradural anterior clinoidectomy SEAC was reported
by our group. This technique facilitates both radical
removal of tumors and radical neck clipping of aneur-
ysms in the supra- and parasellar regions by providing
a wide operative exposure and hence better illumina-
tion, and therefore making this method suitable for
routine use in the treatment of these lesions [46].

On the other hand, endovascular aneurysm emboli-
zation with Guglielmi detachable coils (GDCs) has
become an alternative treatment in the management
of cerebral aneurysms [5, 17-19]. This endovascular
method of treatment has many advantages not only
for patients who are at a high risk for surgery, but
also in cases of aneurysms where surgery is difficult
due to their special location, size and form. However,
the method of obliteration of aneurysms with this
treatment is not the same as with surgery. Indeed, it
has also been reported that embolized aneurysms often
recanalize, i.e. the well known problem of coil packing
or coil compaction, where remnants of aneurismal
necks have been observed, especially in cases of large
and giant aneurysms [13, 23, 26, 43], making the opti-
mal treatment for these lesions still open to evaluation
[25, 26], although treatment modality of combined sur-
gical and endovascular approaches are also being tried
and reported [1, 34, 42].

In this study was review our recent experience using
a pure surgical approach to paraclinoid aneurysms
using SEAC in order to assess the role of direct surgery
for these aneurysms.
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Table 1. Patients and total number of aneurysms

75 patients: 60 female (80%) vs 15 male (20%). Age: 50.9 + 10.9
(mean + SD)

Multiplicity Number of patients Number of aneurysms
1 43 (57.3%) 43

2 19 (25.3%) 38

3 7 (9.3%) 21

4 3 (4.0%) 12

5 3 (4.0%) 15

Total 75 129

Patients

From 1993 to March 2003, 81 aneurysms in the paraclinoid seg-
ment of the ICA in 75 patients were treated in the Department of
Neurosurgery, University Hospital Zurich. Of these 75 patients, 53
patients presented with subarachnoid hemorrhage (SAH) and 22
were diagnosed as having paraclinoid aneurysms during routine neu-
roradiological examinations for various neurological symptoms and
signs or other reasons. Fourty nine patients presenting with SAH
were admitted to our hospital within 3 weeks after the ictus (average:
4.7 days), these were classified into the SAH group. Four patients
with SAH were admitted at 2 months, 3 months, 5 months and 4
years after SAH, respectively, and were classified into the “non”
SAH group together with 22 patients with non ruptured aneurysms.
Glasgow Coma Scale (GCS) of the SAH patients on admission was
3-15 points (average: 12.3 points). Of the 26 patients from the non
SAH group, all but five had no neurological deficits on admission;
four patients presented with visual disturbance and one with a left
hemiparesis due to thalamic hemorrhage.

Patients included 60 females (80%) and 15 males (20%) with mean
age of 50.9 + 10.9 years. Among the 75 patients, 32 patients (42.6%)
had multiple aneurysms (Table 1).

The paraclinoid aneurysms were diagnosed as follows: (unrup-
tured 37 (46%); SAH caused by their rupture 35 (43%); symptomatic
i.e. visual disturbance 6 (7%) and incidental 3 (4%). Unruptured
aneurysms were aneurysms associated with ruptured aneurysms at
other sites and one with a ruptured arteriovenous malformation.
Three incidental aneurysms (two at the time of headache work-up
and one at the time of a hypertensive thalamic hemorrhage) were
also found.

In 4 cases, coil embolization had been attempted by neuroradiolo-
gists. Two aneurysms were successfully embolized, but recanalized
during follow-up period. In the other 2 cases, embolization was at-
tempted but failed.

Methods

Classification of paraclinoid aneurysms

We defined paraclinoid aneurysms as those aneurysms arising
from the segment of the internal carotid artery (ICA) that runs
through the clinoid space and subarachnoid space between its point
of exit from the the cavernous sinus (CS) with the landmark of prox-
imal dural ring and the point of origin of the posterior communicat-
ing artery, corresponding with the C3 and C2 segments of the inter-
nal carotid artery after Fischer [14]. The lesions that originated in the
CS and extended into the subdural space (so-called transitional
aneurysms), and the lesions located completely within the CS were
excluded. We used the anatomical land marks for classification of
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paraclinoid aneurysms based on the aneurysm’s presumed origin on
the ICA.

Clinoid aneurysms arise from the ICA segment between the prox-
imal and distal dural rings, namely C3 segment. Carotid cave aneur-
ysms arise at the pouch of the distal dural ring of the ICA including
also the so called superior pituitary artery aneurysms. IC-ophthalmic
aneurysms arise from the origin of the ophthalmic artery. Superior
carotid wall aneurysms on the superior wall of the ICA distal to the
dural ring and project superiorly. Inferior carotid wall aneurysms
arise on the inferior wall of the ICA and project inferiorly.

The locations of the 81 paraclinoid aneurysms were grouped;
clinoid 8 (10%), carotid cave 5 (6%), IC-ophthalmic 34 (42%), infe-
rior wall 17 (21%) and superior wall 17 (21%) as is shown in Fig. 1.
Of the 81 aneurysms, 16 (20%) were large (12-25 mm), and 3 (4%)
were giant (>25 mm) aneuryms.

Surgical treatments

Most of cases were operated upon by the senior
author Yonekawa [46, 47]. Direct neck clipping was
attempted on all aneurysms and this could be done in
76 aneurysms (93%), wrapping was performed in one
aneurysm with atheromatous and calcified wall and
neck (1%) and the 4 remainig aneurysms were treated
with trapping combined with extracranial-intracranial
EC-IC arterial bypass (5%); three large clinoid aneur-
ysms, in which two were partially thrombosed and one
large IC-ophthalmicaneurysm ofearly case of thisseries.
In patients with SAH, the ruptured aneurysm was ini-
tially clipped, followed by clipping of other aneurysms,
when possible, through the original craniotomy and in
the same session. The mean GCS just before operation
was 12.3 + 3.8 points in the SAH patients.

Our procedure of SEAC has been reported else-
where previously [46]. This procedure enables expo-
sure of the clinoid segment of the ICA (C3) and aneur-
ysm dissection of this segment. So the proximal control
at the clinoid segment becomes secure. Better mobili-
zation of the optic nerve and of the ICA yields addi-
tional working space and better illumination.

Among 76 clipping procedures, one wrapping
procedure and 4 trapping and EC-IC bypass proce-
dures for 81 paraclinoid aneurysms, in 70 aneurysms
(86.4%), the SEAC procedures were performed. Seven
paraclinoid aneurysms (8.6%) were occluded from the
contralateral side at the time of clipping of ruptured
and/or larger aneurysms of ipsilateral side.

Results

Angiographic results

Follow-up cerebral angiography was performed
routinely postoperatively around 1 week after sur-
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Fig. 1. Schematic drawing of aneurysm locations and their distribution in this study. Site of predilection of the blistering aneurysm ‘““‘chimame
aneuysm’’ is also indicated as star symbol, Also the proximal and distal dural rings (1) and (Q), the ophthalmic artery (3) and the superior hypo-
physeal artery @) and posterior communicating artery (5 are also migrated respectively

gery in all patients but one, who rejected this
examination.

Clipping condition assessed by postoperative an-
giography is as follows: Neck clipping was performed
in 76 procedures, and complete clipping was confirmed
in 73 (96%) cases. In the 2 patients whose aneurysms
recanalized after previous embolization with coils,
complete obliteration of the aneurysm was obtained
by direct surgery. One of them had both recanalization
of the aneurysm and migration of the placed coils from
the aneurysm extending to the M2 segment. Neck clip-
ping was successfully performed without removal of
intraluminal coils in the MCA segment because of
tight adhesion of the coils to the arterial wall (Fig. 2).
Small neck remnant was demonstrated in 4 patients
(5.1%) on postoperative angiography. One patient in
which whole dome opacification was demonstrated
due to the slipping out was reoperated for complete
clipping. The other 3 patients received further clinical
and angiographic follow-up, and no regrowth of the
aneurysm was observed on repeated angiography usu-
ally at three months then a year later. In one patient,
angiography could be performed 5 years after the op-

eration, showing no change in the size of this residual
neck.

Clinical outcome

Patient outcomes were evaluated at three months
and expressed as a score calculated according to the
Glasgow Outcome Scale (GOS). A GOS score of 5 is
an outcome of good recovery GR, 4 is moderately dis-
abled MD, 3 severely disabied SD, 2 vegetative state
VS, and 1 death D.

The clinical outcome was evaluated at 3 months
after surgery and expressed by the GOS score. Among
29 patients of the non SAH group, clinical outcomes
were: GR (GOS 5) in 23 (79.3%), and MD (GOS 4) in
4 (13.7%). In two patients (4.2%), whose outcome was
GOS 3, the pre-exisiting neurological deficit did not
change by the clipping procedure. There was no
mortality. Surgery-related permanent morbidity was
observed in 4 patients (13.7%); visual field defect in
2 patients, deterioration of visual acuity and oculo-
motor nerve palsy in another patients respectively.
Among 46 patients of the SAH group, clinical out-
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Fig. 2. A 66-year-old female. Preoperative right internal carotid angiogram (A) and skull X-ray (B) showing recanalization and regrowth of
the aneurysm which was successfully embolized previously with Guglielmi detachable coils. Migration of the coil from the aneurysm lumen to
the left M2 segment of the middle cerebral artery ( M CA) can be seen. Postoperative A-P (C) and lateral (D) carotid angiograms showing
complete clipping of the aneurysm, remaining migrated coil in the internal carotid artery to the MCA

comes were: GR (GOS 95) in 28 patients (60.8%), MD
(GOS 4) in 10 (21.7%), SD (GOS 3) in 4 (8.6%), and
death (GOS 1) in 4 (8.6%). Surgery-related permanent
morbidity was observed in 6 patients (13.0%); ischemic
stroke in 5 patients, including 2 patients with probable
thorombus migrations from the aneurysms, and visual
field defect in one patient. Surgery related mortality
rate was 0%.

Furthermore, in the SAH group, 12 patients (25.6%)
showed ischemic symptoms and signs due to severe ce-
rebral vasospasm. 11 of those 12 patients were treated
with intraarterial infusion of papaverine and balloon
angioplasty, barbiturate coma and hypothermia ther-
apy according to our structured vasospasm therapy
protocol [47]. Ischemic neurological deficits persisted
in 6 patients resulting in permanent morbidity in 4
patients and death in 2. One patient died of direct hem-
orrhagic injury. Another patient death resulted from
rebleeding from a ruptured small aneurysm of the pos-
terior cerebral artery, which could not be detected on
the preoperative anigography, but was confirmed at

autopsy. Thus, overall morbidity was 12 (26.0%) and
mortality was 4 (8.7%) in this group.

As far as the size of aneurysms is concerned, surgical
outcomes of the large and giant aneurysm were ana-
lyzed. In the non-SAH group, complete clipping was
performed in all 4 cases and trapping combined with
EC-IC bypass in 3 cases. Ipsilateral visual disturbance
complicated in a case of the former (25%) and a case in
the latter (33%). In the SAH group, neck clipping was
performed in 10 of 11 patients. In the remaining case,
wrapping was performed due to severe calcification
especially at the neck of the aneurysm. In one of the
patients (9%) treated with neck clipping, a small in-
farction at the genu of the internal capsule causing a
hemiparesis of mild degree was seen.

Discussion

Paraclinoid aneurysms were historically treated by
Hunterian ligation of proximal occlusion of the ICA
or the common carotid artery and recently endovascu-
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Table 2. Recent comparable treatment series

Cases Treated SAH Clip Wrap Coil Occl. Morbidity Mortality

aneurysms

Day 1990 80 54 35% 7% 6%
Batjer 1994 89 89 44% 4 12% 1%
De Jesus 1999 28 35 24% 3 18% 4%
Roy 1997 26 28 30% 25 4% 0%
Thornton 2000 71 61 18% 49 12 3% 2%
Hoh 2000 216 238 25% 180 57 1 6% 0.4%
Park 2001 70 73 11% 3 84 8.3% 0%
Tihara 2003 112 111 0% 35 77 5.4% 0%
Present series 75 81 61% 76 1 4 12% 0%

larly [7, 10, 15, 30, 33, 41], also in use with combina-
tion with EC-IC bypass, especially for large and giant
aneurysms of this location in cases where clipping is
unfeasible [2, 16, 27, 38, 39]. However, this method
does not always prevent ischemic complications [21].
Also late occurrence of hemodynamically induced
aneurysms after the carotid ligation have been re-
ported experimentally and clinically [10, 22]. There-
fore, neck clipping of the aneurysm with preservation
of patency of the ICA is the most appropriate treat-
ment, although this has been considered and reported
to be technically difficult.

Complete neck clipping with partial clinoidectomy
[3, 35] and use of specially formed clips [40] have been
the subsequent technical development in combination
with microsurgery followed by the extensive clinoidec-
tomy to be credited to Dolenc [9].

In this study, we reviewed our recent experience of
surgical treatment for patients with paraclinoid aneur-
ysms with or without SAH separately. Our surgical
treatment provided favorable results in both groups.
One possible reason to explain this good result is that
we have routinely performed the SEAC for confirming
aneurysmal shape, location and relationship between
aneurysm and surrounding bone, neural and vascular
structures. The SEAC gives a wider surgical working
space hence also better illumination for careful obser-
vation and manipulation of the aneurysm and of the
ICA branches and enables secure proximal control,
leading to a better outcome. Sometimes the space
gained by the SEAC procedure proved to be the only
possible room available in which aneurysms could
be managed in view of the swollen or angry brain in
the SAH group. The SEAC procedure is less time-
consuming (usually within 20 min.) and less extensive
as compared with the method described by Dolenc [9]
and Kattner [29]. This procedure, enables use of the

trapping and ‘“‘puncture and collapse” method of
aneurysms obviating complicated and time consuming
combined methods of endovascular temporary occlu-
sion of the ICA and aspiration of blood-contents of
large or giant aneurysms through an indwelling cathe-
ter [1, 34, 42]. In our series, the SAH group had more
frequent complications as compared with the non
SAH group. This can be well understood from the
pathophysiological difference of the presenting disease
back ground; combination or non combination of
SAH. The former was complicated with perforating
artery infarctions, bleeding from an untreated (preop-
eratively undetected) aneurysm in the acute stage and
with devastating vasospasm in spite of our structured
therapy. Postoperative persistent visual deterioration
was observed in four cases (5%) so that the careful
manipulation of the optic nerve at the time of drilling
procedures of SEAC and of aneurysm clipping proce-
dure can not be overemphasized in the presence
already impaired optic nerve function or anatomical
derangement [12, 31].

We reviewed recent comparable reports regarding
treatment of paraclinoid aneurysms and have sum-
marized them in Table 2. Day [6], Batjer [3], De Jesus
[8] and Park [36] reported surgical results of paracli-
noid aneurysm. On the other hand, endovascular
embolization with GDC is gaining a considerable
position as an alternative method in the treatment of
aneurysms [17, 19]. As shown in Table 2, Thornton
[43] reported their experience with endovascular treat-
ment for paraclinoid aneurysms. Morbidity-mortality
was impressively low (5.5%) in their series. 10 of 71
paraclinoid aneurysms (14.1%) showed regrowth of
the aneurysms after embolization on repeat angiogra-
phy. Roy [37] also reported low morbidity (4%) as
compared to previous surgical series with complete
occlusion in 14 of 28 aneurysms (50%). Ho [25] and
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Iihara [28] have reported overall good results by select-
ing cases of high risk in the former or by selecting cases
according to aneurysm projection in the latter for coil
embolization. The rate of regrowth/coil compaction
was 26% after successful embolization and 5 of their
patients required retreatment, whereas no recurrence
was observed in the surgical group [25].

These facts suggest that interventional risk is gen-
erally lower in coil embolization than in surgical clip-
ping. However, aneurysms harboring broad neck have
been reported to be difficult to have sufficient anatom-
ical occlusion with embolization with GDC emboliza-
tion. Paraclinoid aneurysms often present with large or
giant aneurysms with broad neck, posing difficulties in
complete obliteration by currently available coiling
methods [44]. Acceptable coiling of aneurysms tends
to be complicated with recanalization (coild packing
or coil compaction and anreurysm regrowth. These
facts suggest that current coil embolization technique
is applicable principally only for narrow-necked (less
than 4 mm) aneurysms even when neck plasty method
with a balloon catheter is available [13]. This limita-
tion may partially be overcome by development of
new stent-assisted system in the near future [32], al-
though additional interventional procedure can be a
new source of further complication. Given the appar-
ent difference between clipping and embolization in
terms of recurrence of the treated aneurysms, underly-
ing mechanisms for recanalization or regrowth of
aneurysms should be further investigated to overcome
this problem.

Therefore, one would consider the combination of
coiling and clipping modalities in order to mutually
compensate their disadvantages [20]. However, adhe-
sion or incorporation of coils within the aneurysm
wall and protrusion of coils into the vicinity of aneur-
ysm neck would make future neck clipping more diffi-
cult, as was shown in our case of Fig. 2. Accordingly,
especially in aneurysms with broad-neck, primary di-
rect surgery is considered to be better as a first treat-
ment.

Conclusion

Paraclinoid aneurysms are known to demand spe-
cial therapeutic considerations due to their special
location of close vicinity to bony structures and impor-
tant neural and vascular structures. Most appropriate
treatment is to occlude aneurysms without compro-
mizing patency of the internal carotid artery and with-
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out causing any new neurological sequelae. The SEAC
procedure enables appropriate surgical management
of the aneurysms. Our results indicate that microsurgi-
cal aneurysm clipping in combination with this proce-
dures can still be a standard treatment inspite of recent
development of endovascular coiling procedures. In
light of the contemporary evidence available, endovas-
cular treatment does frequently present with incom-
plete occlusion and coil compaction for aneurysms of
this location.
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Summary

Objective. The surgical treatment of basilar bifurcation aneurysms
is challenging, and many of these aneurysms are currently treated by
endovascular means. However, the complete closure of the aneurysm
by surgical clipping still remains the best and most permanent cure
for the aneurysm. The “gold standard”, subtemporal approach was
established and introduced by Drake and it has been adapted by the
senior author Hernesniemi. We describe our present modified tech-
nique of this approach based on clinical experience.

Methods. The subtemporal approach to basilar bifurcation
aneurysms has been regularly used by the senior author Hernesniemi
in recent 15 years in over 200 operations in Kuopio and Helsinki,
Finland.

Results. This approach is suitable in most basilar bifurcation
aneurysms except for those high above the posterior clinoid process.
To avoid temporal lobe damage, cerebrospinal fluid drainage is
necessary. Benefits of subtemporal approach are short operative
and retraction times, and no need for skull base resection.

Conclusion. The subtemporal approach is simple and safe in expe-
rienced hands, and should be considered the standard method to
approach most basilar bifurcation aneurysms.

Keywords: Approach; subtemporal; pterional; cerebral aneurysm;
intracranial aneurysm; basilar bifurcation aneurysm; surgery.

Introduction

The surgical treatment of basilar bifurcation aneur-
ysms (BBAs) remains one of the most difficult tasks in
neurosurgery because of the anatomical and technical
difficulties. Recently, many of these rare ancurysms
located in a narrow space in front of the brain stem
have been treated by endovascular procedures in
many institutions. However, closure of the base of the
aneurysm by clipping still remains the most effective
cure for the aneurysm [12, 20]. Several surgical ap-
proaches, such as subtemporal approach, pterional
approach, supraorbital approach, orbitozygomatic
approach, transpetrosal approach and combined ap-

proaches are currently used for the treatment of BBAs
[1-6, 8-11, 13—19]. The subtemporal approach is the
oldest one, which was widely used by Drake and Peer-
less in more than 1000 patients [2—4]. The senior au-
thor Hernesniemi adopted the use the subtemporal
approach in the 80’s after studying chapters written
by Drake and Peerless in different text books. This
experience was later refined by coworking with these
authors [4, 7]. We describe our recently modified oper-
ative technique of the subtemporal approach.

Operative procedure
Craniotomy, approach to tentorial edge and basilar
bifurcation

The patient is positioned in the park bench position.
A small subtemporal craniotomy through a linear
incision is done. Ordinarily, the non-dominant, right
side is used, unless the projection or complexity of the
aneurysm, scarring from earlier operations, severe an-
atomical rotation of the basilar bifurcation, left oculo-
motor palsy, left sided blindness or right hemiparesis,
makes an approach from the dominant side necessary.

The subtemporal approach can be converted into a
pterional or posterior temporal bone flap, which, how-
ever, is rarely needed. The skin incision is at right angle
to the zygoma about 1 cm in front of the ear and is car-
ried down to the level of the zygomatic arch (Fig. 1A).
Here, care must be taken not to injure the upper
branch of the facial nerve, and it is advisable to retract
the lower part of the incision downwards with a ““fish
hooks” (Fig. 1A, C). After incising the fascia and tem-
poral muscle along its fibers to the arch, it is important
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to detach the muscle with its fascia posteriorly from
the temporal root of the zygoma (Fig. 1D). Anteriorly,
both leaves of the temporal fascia are separated from
the arch one centimeter’s distance with blunt dissec-
tion, not to injure the nerve (Fig. 1D). This allows
wider spreading of the temporal muscle with a curved
retractor and fishhooks (Fig. 1D). A small bone flap
sized 3 x 3 cm is done with one burr hole and cranio-
tome taking care not to injure the dura which may be
heavily attached to the skull at the most based part of
the craniotomy (Fig. 1D, E). Resection of a part of the
zygomatic arch can be done with a diamond drill, but
is not often necessary or very helpful (Fig. 1F, G).

The trick of the proper use of the subtemporal
approach lies in getting in quickly, without heavy com-
pression of the temporal lobe, and with just enough
space to reach the tentorial edge. Lumbar drainage
installed by the neurosurgeon before surgery, is the
key to successful surgery (Fig. 1B). Modern neuro-
anesthesia with Mannitol may be helpful to accelerate
slack brain, but without CSF drainage we would not
be recommend to start a subtemporal approach. In
the presence of hydrocephalus a frontal ventricular
drainage has been applied, and when widening the
opening into a pterional approach lamina terminalis
can also be opened.

With spinal drainage of 50-100 ml of CSF, the
brain will be slack when the dura is opened, even in
early surgery for ruptured aneurysms in good grade
patients (Fig. 1B, H). After opening the dura in V-
shaped form, base downwards, and after very careful
fixation of the dura with stitches to the surrounding
muscles or draping, the microscope should be brought
into position (Fig. 1H). Fibrin glue has proved to be
extremely useful in stopping possible epidural bleed-
ings. Absolute hemostasis is done before proceeding
deeper; otherwise blood may be poured on the opera-
tion field at the most critical moments of deep surgery.
The retraction of the temporal lobe should be slowly
increased. The brain is covered with oxidized cellulose
and large wet cottonoids. The line of retraction goes
first slightly downwards, then across the floor of the
middle fossa and after that upwards to the tentorial
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edge. The course of creating the operative route is like
taking the temporal lobe in your retracting hand and
pulling upwards to see the tentorial edge. A broad Aes-
culap >R retractor is used, very gently, and another
may assist to hold the temporal pole anteriorly.

The angle of the subtemporal approach ordinarily is
nearly perpendicular to the sagittal plane, but even
through a small craniotomy the angle can be changed.
An opposite P1 hidden behind a large sac with its per-
forators can usually be seen by angling the retractor
forward a few degrees under the temporal pole, chang-
ing the angle of the operating microscope and then dis-
placing the waist of the sac posteriorly. This maneuver
is particularly appropriate when a larger bone flap has
been used. Associated ipsilateral intact carotid aneur-
ysms are easily exposed for clipping by moving the
retractor tip forward a few centimeters under the tem-
poral pole.

One or two temporal lobe bridging veins crossing to
the floor of the middle fossa in the line of approach
must be divided, but usually other veins on either side
can be spared. The adjacent bridging veins are under
stretch but they may be dissected a few millimeters
from arachnoid to get more freedom for retraction.
The junction of the vein of Labbé with the lateral sinus
is further away posteriorly located and not in jeopardy
in this approach. It is critical that this vein is not
injured, to avoid major temporal lobe hemorrhagic
infarction.

As the edge of the tentorium comes slowly into view,
having the temporal lobe in your “hand”, the uncus
will leave its position inside the edge of the tentorium.
The uncus is the landmark for this retraction, as its el-
evation by the retractor tip exposes the opening into
the interpeduncular cistern. A medial temporal vein
may be divided before the final retractor placement
on the temporal lobe mesially at the base or under the
tip of the uncus.

As the uncus is raised with the tip of the retractor,
the third nerve is elevated with it, without placing dis-
turbing angular tension on it. It is usually possible to
work below the third nerve to clip the aneurysm except
for the case of a higher basilar bifurcation or a giant

<

Fig. 1. (A) Skin incision. The skin incision is at right angle to the zygoma about 1 cm in front of the ear and is carried to the level of the zygo-
matic arch. (B) Setting of lumbar spinal drainage. (C) Retraction. Care must be taken not to injure the upper branch of the facial nerve, and it is
better to retract the lower part of the incision downwards with a fish hook. A curved retractor and fish hooks allow wider spreading of the
temporal muscle. (D) Location of the burr hole. (E) Craniotomy. A small bone flap sized 3 x 3 cm is done with one burrhole. (F) Detaching
the heavily attached dura at the lowest part of the craniotomy. (G) Removal of lowest part of the skull by drilling. (H) Dural opening. Dura was
opened in a V-shaped form, base downwards, and fixed very carefully with stiches to the surrounding muscles or draping
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sac, when it may be necessary to separate the third
nerve from the uncus. The third nerve may be relaxed
by dividing the arachnoid bands holding it. The third
nerve tolerance to manipulation varies greatly: an ocu-
lomotor palsy may follow a most delicate dissection,
and sometimes no palsy is seen even after a relatively
strong, long lasting manipulation.

Even with the uncal retraction of the third nerve, the
opening into the interpeduncular cistern is narrow. It
can be widened significantly by the original simple ma-
neuver of placing a suture in the edge of the tent just in
front of, but free of, the insertion and intradural course
of the fourth nerve. This suturing is awkward in the
deep small gap, and it has been replaced by the use of
a small Aesculap >R clip reflecting the edge of the ten-
torium by about 1 cm towards the surgeon to the floor
of the middle fossa. The bleeding is stopped by the use
of fibrin glue. The fourth nerve is freed from its arach-
noid adhesions, and can be tucked below a cottonoid
under the tentorial edge for safety. If necessary, the
tentorium is divided and fixed also with a small Aescu-
lap clip(s) to get better access for temporary clipping of
the basilar artery. In the case of a low lying basilar bi-
furcation, tentorium division remains absolutely nec-
essary, and a more posterior approach with a larger
flap is planned from the beginning of the operation.

All the arachnoid is widely opened beginning just
above the fourth nerve and the superior cerebellar ar-
tery below the third nerve on the side of the midbrain,
going forward anterior to the third nerve freeing also
carotid and posterior communicating arteries. A small
space exists between the peduncle and the dorsum
sellae laterally. The brain stem can be compressed
against the clivus, hiding the interpeduncular fossa.
With careful preparation of the arachnoid and further
removal of CSF, the peduncle is retracted with the dis-
secting instruments and cottonoids to see the basilar
artery and the base of the aneurysm. The posterior
clinoid is not removed as the working field in this posi-
tion is lateral (posterior) to it.

Depending on the extent of the patient’s hemor-
rhage and the interval between the bleeding and sur-
gery, the interpeduncular fossa may be either filled
with clear CSF, packed with fresh or disintegrating
clot, or, occasionally in long delayed cases, obliterated
with dense arachnoiditis. To avoid heavier retractor
pressure in order to see the PCA above the third nerve,
it is convenient to follow the superior cerebellar artery
back under the third nerve to the BA, sucking away
clot to expose its origin just below that of P1. The
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lower aspect of P1 will disappear underneath the third
nerve. Even though still covered by a clot, the position
of the lateral aspect of the neck and waist of the aneur-
ysm is just medial to P1 and usually partially covered
laterally and posteriorly by the P1 perforators. The
PCoA should be carefully preserved in case some
injury to P1 occurs or if it becomes necessary to include
P1 in the clip. Furthermore, the PCoA gives rise to
important diencephalic branches (anterior thalamo-
perforating arteries) the integrity of which may be
compromised by its occlusion.

Intraoperative hypotension and temporary clipping

Tension in the aneurysm wall is related in an almost
linear fashion to systemic blood pressure. Induced
hypotension by various means has contributed to the
safety of aneurysm surgery with minimal risk of ische-
mia. Systemic hypotension, down to mean arterial
pressure (MAP) of 40-50 mmHg has been widely
recognized to reduce the tension and fragility of the
aneurysm wall. Recently, local or regional hypoten-
sion induced by temporary occlusion of the parent
artery has replaced systemic hypotension.

Temporary clipping of BA, which requires most de-
manding, difficult dissection and a lot of work, has
been recently replaced by balloon occlusion. P1 is al-
ways above the third nerve and the PCoA joins it; the
SCA is always below. A segment of the BA below the
SCA and free of perforators for 2 or 3 millimeters
should be always exposed for placement of a tempo-
rary clip. Our experience indicates that nearly none of
these aneurysms should be treated without the use of
temporary occlusion of BA.

Temporary clipping is safe and useful when very low
tension in the aneurysm is deemed essential for dissec-
tion, coagulation or clipping. For difficult aneurysms,
especially large ones at the basilar bifurcation, and
when one or both PCoAs are large, temporary trap-
ping has been used by occluding one or both PCoAs
during the BA occlusion. The opposite PCoA is usu-
ally seen unless the aneurysm fills the space. It is more
convenient to leave the temporary basilar clip in place
while removing and replacing the clip on a large PCoA
to provide the intervals for reflow.

Dissection of the aneurysm base

There is a big difference if the BBA is projected
forward (rare; may be attached to clivus when low),
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Fig. 2. (A) Schematic drawing shows the skin incision and a small
left sided tic craniotomy, and the operative sketch after total occlu-
sion of a basilar bifurcation aneurysm failed to be occluded by earlier
coiling and pterional right sided approach. A short ring clip leaves
P1-P2 and posterior communicating artery and third nerve inside
the ring. (B) Schematic drawing shows the skin incision and small
left sided tic craniotomy, and the operative sketch after total occlu-
sion of a BA-SCA aneurysm with a curved microclip before opening
and coagulating the aneurysm. The tenting suture has nowadays
been replaced by a short straight microclip. (C) Schematic drawing
shows the skin incision and small right sided tic craniotomy, and
the operative sketch after total occlusion of a large basilar bifurca-
tion aneurysm with two ring clips leaving P1-P2 and posterior
communicating artery inside the rings. The tenting sutures have
nowadays been replaced by short straight microclips
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upwards (most common) or backwards (most difficult
due to vicinity of the perforators). The front of the BA
is cleared of clot gently upward across the ipsilateral
P1 origin where the bulging of the anterior aspect of
the neck of the aneurysm is first seen. If the clot can
be sucked or teased away easily, the whole of the front
of the neck and waist of the aneurysm can be exposed
quickly. Occasionally, the clot is tough and adherent
to a thin neck; then, only enough neck is cleared to
accept the width of the clip blade. Depending on the
bulge of the neck and the projection of the aneurysm,
the opposite P1 can usually be seen by displacing the
waist of the sac posteriorly with a dissector. This will
confirm the angle the clip blades must take during ap-
plication, and further, will often help to visualize the
perforators arising from the opposite P1, as well as
the opposite third nerve. Sometimes, it will be neces-
sary to clear arachnoid with blunt or sharp dissection
on the other side of the neck to see the opposite P1
origin clearly with its perforators.

The major difficulties with this aneurysm lie behind
the sac. Rarely, it will stand free in the interpeduncular
space; usually, it will be half buried in the interpedun-
cular fossa. Clearing the base of P1 behind will prepare
the way for the important task of finding and separat-
ing the perforators. Gentle retraction of the crus is well
tolerated and will expose the posterolateral aspect of
the neck and waist of the sac, sucking or teasing away
old clot if needed. Most of the perforators arise from
P1 near its origin and course obliquely upward and
backward on the side and back of the base and waist
of the sac. They are often free or only lightly adherent
to small sacs, but are usually adherent, sometimes
densely, to large aneurysms. Not infrequently, one or
more perforators arising from the upper BA course up-
ward on the back of the neck. Getting behind the neck
usually requires gentle retraction forward of the waist
of the sac with the sucker tip, while using a small
curved dissector to clear and separate any perforators
clinging to the back of the neck. Usually, the perfora-
tors can be teased off, but occasionally one or more
can be quite adherent to a thin-walled neck. More
forceful dissection to free them is made less dangerous
by temporary occlusion of BA. Ordinarily, the neck
can be displaced forward far enough to see across the
interpeduncular fossa to the opposite peduncle, the
origin of the opposite P1 and the root of the opposite
third nerve. Adherent perforators must be separated
upward far enough so that the posterior clip blade can
slip inside them without kinking or tearing their origin.
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Clipping

The neck of an aneurysm is most completely obliter-
ated when the clip blades fall across the neck in parallel
with the parent bifurcation; then there is less risk of
kinking P1, particularly with large necks. This ideal
placement is more likely to occur with the subtemporal
exposure, and is identical to the principles used to treat
the much more common middle cerebral artery bifur-
cation aneurysms. Clips placed more perpendicular to
this crotch often leave tags of neck in front and behind
(““dog ears”), as the sides of the neck are approximated
and the bifurcation crimped. “Dog ears” of residual
neck can grow into new aneurysms in our ‘“‘and others”
experience.

The upward curve of Pl only stands free beside
small aneurysms, but is usually adherent to larger
sacs, often tightly. With the design of the fenestrated
clip in 1969 by Drake, P1 can be left adherent to the
sac, but open in the aperture while the blades fall
across the neck of the aneurysm. Some perforators or
the third nerve, too, may be included safely in the ap-
erture. To obscure vision least during clip application,
a very low profile clip applier should be used. The fe-
nestrated ring beyond the applier tips tends to obscure
vision in the narrow confines, especially behind the
aneurysm. The clip blades must be no longer than the
flattened, occluded neck or else the P1 origin(s) and its
perforators may be stenosed or occluded. Exact mea-
surement of the base in anterior-posterior projection
of the aneurysm in CT angiography has proved very
useful. A flattened neck is about 1.5 times the width
of an open, circular neck (for example a 6 mm aneur-
ysm base needs a clip with 9 mm blades for complete
occlusion). Placing the clip too far out on the neck
leave a part of the aneurysm base unsecured. The
origin of the SCA may not be mistaken for P1, as inad-
vertent occlusion of the basilar bifurcation will occur.
Not uncommonly a bit of the neck is left open in the
aperture just medial to the P1 root. This is usually the
cause of an aneurysm that still pulsates or bleeds on
needling, although it must be certain that the clip tips
cross to the far side of the neck. Repositioning of the
clip a little higher or addition of a straight tandem
clip may suffice to occlude the remaining neck. As the
posterior blade is passed behind the neck, one must be
certain that it is inside the perforators while using tem-
porary basilar occlusion to soften a dangerously thin
neck. As the blades are allowed to close and narrow
the neck, the opposite P1 will come into view so that
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final alignment, flush with the neck at the upper origins
of P1 on each side, can be made before final closure.
The posterior blade must not be put too far across,
for the root of the opposite third nerve courses up just
behind the opposite P1 and can be brushed or actually
injured by this blade. As for any aneurysm, immediate
inspection is done in front of and behind the neck to
determine whether each P1 is open and no perforators
are caught or kinked by the blades. Rotating the clip
handle forward usually exposes the posterior blade
and looking just above the blade will determine
whether or not any perforators emerge from under-
neath it. The clip must be removed and reapplied as
many times as necessary for perfect placement. Not
infrequently with the first placement, the blades will
be too high or too low on the opposite side and it is so-
bering how often, when surely all the perforators have
been seen and separated, one or more are still found
caught under the blade.

If single fenestrated clip blades cannot be positioned
perfectly without concern for the P1 origins or perfora-
tors, then shorter, fenestrated blades should be placed
so as to occlude accurately the far two-thirds of the
neck, leaving the near neck and P1 and perforators
open in the fenestration. Usually then it is simple to
separate this open but narrowed portion of the neck
from P1 and the perforators, and occlude it by adding
a tandem straight clip. This short clip may be applied
in front of or behind P1 and the perforators while be-
ing certain that it crosses all the neck remaining open
in the aperture of the first clip. Instead of using short
blades for the tandem clip just to occlude the remain-
ing neck in the fenestration, longer straight blades are
used and worked across the whole of the neck, just be-
yond the fenestrated clip, which then can be removed.
The straight clip blades then can be repositioned lower
on the neck if necessary. This is of particular value if
the fenestrated clip has slid down to obliterate the
P1(s) or if the fenestrated blades cannot be positioned
so as to occlude both sides of the neck. Provided they
do not kink P1, straight blades are more satisfactory;
there is no worry about any open near neck and with-
out the obscuration of the fenestrated rings, the tips
can be positioned very accurately on the far side of
the neck. If the aneurysm base is thick, it may keep
the blades of a long clip open on the far side to allow
continued filling of the aneurysms. A tandem, fenes-
trated clip will close the far side of the neck. Because
of the small gap and the clip handles, it may be difficult
to needle and collapse the sac to prove completed
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clipping, but it should be done. When coming subtem-
porally, bipolar coagulation is occasionally useful to
shrink and firm up bulbous or otherwise awkward
necks of aneurysms, but the fear for occlusion of
nearby or hidden perforators always remain. In clip-
ping of SCA and proximal PCA aneurysms, the per-
forators are usually not of so much concern, but the
height and direction of the aneurysm besides its size
deserve careful preoperative planning.

Local papaverine is applied after clipping of the
aneurysm. The wound is closed to the last stitch under
microscope in several layers extremely carefully with-
out leaving any drains.

Discussion

In 1958, the approaches to various segments of
the basilar artery were worked out by Drake in the
post-mortem room [2-4]. The anterior subtemporal
approach across the floor of the middle fossa and ten-
torial edge into the mouth of the incisura in front of the
midbrain seemed to provide the most direct and widest
exposure of the interpeduncular region. Consequently,
the subtemporal approach was used by Drake and
Peerless in 1250 cases in their never-to-repeated series
of 1767 patients with vertebrobasilar artery aneurysms
(VBAASs) in 1959-1992. Eighty percent (80%) of the
1234 patients with basilar tip aneurysms were treated
by subtemporal approach. The main reason for the
use of frontotemporal approach for Drake and
Peerless was the multiplicity with other aneurysms on
the anterior circulation. Much of the merit of this
approach is a matter of continued use and familiarity
with the anatomy. There is an awkward far side of the
operative field with its related difficulties by every
approach [1-6, 8—11, 13-19]. The major difficulties
with the basilar bifurcation aneurysm lie behind the
sac. The advances of the subtemporal approach are
that basilar tip aneurysms, especially their backside
can be visualized simply and quickly regardless of their
size, height, direction or multilocularity. The inner
third of the tent can be divided for very low necks and
placement of a temporary basilar artery clip, and there
is no necessity to open the cavernous sinus, to remove
the posterior clinoid or inner petrous apex. This
approach has been used by the senior author also for
posterior projecting ruptured carotid aneurysms. For
associated middle cerebral, carotid bifurcation and
anterior communicating aneurysms, the subtemporal
exposure usually has been abandoned for the transsyl-
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vian approach. However, optic tract and trajectory
above it are well seen during subtemporal approach,
and it seems possible that at least some of the anterior
communicating aneurysms could be clipped through
this approach. On the other hand, the transmastoid-
transpetrosal presigmoid approach, through a com-
pletely divided tentorium, has been used for difficult,
large, low placed necks, as well for basilar trunk aneur-
ysms.

In regard to temporary occlusion of basilar artery,
the safe time for temporary basilar clipping in normo-
thermia is unknown. Our experience indicates that
three to four minute intervals are safe for any artery,
and much dissection can be done in that time. The
highly variable collateral circulation will be a major
factor in the time element for each artery. Under bar-
biturates and Mannitol protection (1-2 gm/kg), up to
ten minutes of single total occlusion times seems to be
safe; between 10 to 15 minutes in small and large basi-
lar bifurcation aneurysms the mortality and morbidity
rised implying technically more difficult aneurysms.

Conclusion

The advantages of the subtemporal approach to the
basilar tip aneurysms (especially their backside) are its
simplicity and quickness regardless of the aneurysm
size, height, direction or multilocularity. In addition,
it is not necessary to open the cavernous sinus and re-
move the posterior clinoid or inner petrous apex. This
classical approach is still most useful for the surgical
treatment of basilar bifurcation aneurysms.
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Basilar bifurcation aneurysms. Lessons learnt from 40 consecutive cases
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Summary

Basilar bifurcation aneurysms are lately treated frequently with
endovascular technique. Microsurgical clipping occlusion technique
has, however, still its solid position because of its completeness. This
standard technique is required often due to unfeasibility and/or in-
completeness at the time of application of the endovascular tech-
nique for aneurysms of this location. The authors suggest following
strategies and tactics for safe and secure occlusion of aneurysms of
this location: pterional approach, selective extradural anterior clinoi-
dectomy SEAC, no transection of the posterior communicating ar-
tery, isolation of perforating arteries at the time of neck clipping
with oxycellulose and combination of the use of fenestrated clip and
conventional clip (especially for aneurysms projected posteriorly),
controlled hypotension (systolic pressure of around 100 mmHg),
temporary clipping (trapping) procedures of usually less than
15 min.

All these are aimed for prevention of intraoperative premature
rupture, and of injury of perforating arteries and for complete occlu-
sion of aneurysms in the narrow depth of the operative field.

Keywords: Basilar bifurcation aneurysm; selective extradural ante-
rior clinoidectomy SEAC; perforating artery injury; microsurgical
neck clipping; endovascular coiling.

Introduction

Treatment of basilar bifucation aneurysms has al-
ways been a challenging topic even since the introduc-
tion of microsurgery. In patients with relatively good
risk, mortality of less than 10% (ranged 2-8%) and
good outcome between 70-80% have been reported
by neurosurgeons of extreme expertise [3, 9, 10, 12,
13, 16]. Perforating artery injuries rendering unfavour-
able results have been reported between 7-10% [3, 9,
12]. Introduction of the endovascular coiling method
and its application to basilar bifurcation aneurysms
has become another modality of treatment [6, 13, 15].
The immediate results have been reported as good or
even better as compared to direct clipping methods. In-
complete occlusion of more than 10%, coil compaction
of around 25% and impossible to perform coiling

procedures of around 5% [13, 15] have been often
enumerated to be the common drawbacks of coiling
procedures. So the microsurgical treatment is still con-
sidered to be the standard method also superior to the
endovascular treatment as a result of its completeness.

The purpose of this communication is to describe
our recent strategies and tactics at the time of the mi-
crosurgical management learnt from our experience
of more than 40 consecutive cases of aneurysms of
this location.

Patients and results

From 1993 through October 2003, 42 cases (female 31 vs male 11)
of basilar bifurcation aneurysm were surgically treated in our depart-
ment. The age ranged from 28 to 81 years old with median of 50.2
years old. Ruptured aneurysms amounted to 31 cases (74%), unrup-
tured 2 cases (5%), incidental 7 (17%) and symptomatic 1 (2%). Post-
operative outcome at 3 months were as follows (Fig. 1): Good re-
covery GR 29 (69%), Moderately disabled MD 6 (14%), Severely
disabled SD 1 (2%), Vegetative state VS 4 (10%), Dead 2 (5%). Com-
plete neck clipping was possible in 88% of cases. The observed surgi-
cal complications were: perforator injuries 4 (9.5%), residual neck 2
(4%) and rupture 1 (2%) which took place four months later at the
site where a complete neck clipping could be initially performed.

Discussion

Preoperative evaluation of angiography

Beside size, form, neck width, direction of aneur-
ysms and their geographical relation to both Pl
origins, height of aneurysm neck has been considered
to be of cardinal importance to evaluate technical
difficulties beforehand and to select the suitable ap-
proaches [19].

Height of aneurysm neck on angiography (lateral
view) in most of the cases was within the range of
1.5 cm above the posterior clinoid process PCP. In five
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Fig. 1. Outcome of microsurgical treatment of basilar bifurcation aneurysms. Outcome at three months: GR good recovery, M D moderately
disabled, SD severely disabled, V'S vegetative state, D death. X: coiled after failed clipping procedure, ©: clipped after failed coiling procedure,
A coating, (a): giant aneurysm, (b): severe vasospasm, ®: symptomatic aneurysm, @: unruptured aneurysm

cases of this series (10%), necks were positioned lower
than the level of the PCP: two of them (7 mm and
10 mm) were managed with subtemporal approach
and the rest could be managed with pterional ap-
proach combined with selective extradural anterior
clinoidectomy SEAC [20]. Need of further combina-
tion of posterior clinoidectomy depended on the dis-
tance between the PCP and the basilar artery trunk.
The smaller this distance is, the more difficult is the
placement of a permanent clip to the aneurysm neck
or of a temporary clip to the basilar artery without ad-
ditional use of posterior clinoidectomy. So the distance
of more than 5 mm between the PCP and the basilar
artery signifies some technical ease of this procedure
also in cases with low positioned aneurysms.

Craniotomy with SEAC

There is no doubt that the subtemporal approach
pioneered by Drake et al is one of the standards
approach for the basilar bifurcation aneurysm [2, 3].
Especially this has been reported to be effective in pres-
ervation of the perforating arteries running at the pos-
terior surface of the aneurysm of this location even of
those aneurysms that are posteriorly projected. One
of the main drawbacks of this approach lies in the use
of it in aneurysm cases where there is accompanying

brain swelling at the acute stage of bleeding. We ap-
plied subtemporal approach only in three cases with
low positioned aneurysms. In one of these cases pre-
senting at the subacute stage of bleeding and with the
height of the aneurysm neck 3 mm below the PCP, sur-
gery through this approach was interrupted because of
swollen brain and therefore the patient was operated
upon later with the classical pterional approach with
additional SEAC.

Pterional approach developed by Yasargil et al. [17]
was applied for all cases except for cases mentioned
above and SEAC was combined (except for four cases
in the early series) in 90% of cases. One of the great ad-
vantages of pterional approach is considered to be ap-
plicability also for surgery in the acute stage, especially
in combination with SEAC and with opening of the
lamina terminalis for cerebrospinal fluid CSF drainage
[19]. The SEAC procedure adds several advantages to
surgery: a wider working space hence also better illu-
mination and better mobility of the internal carotid
artery and the optic nerve, this being of cardinal im-
portance [20]. Posterior clinoidectomy [16] and/or
transcavernous approach [4] to the aneurysm can be
performed with more ease (Fig. 2). SEAC procedure
has been reported to enlarge the carotid-oculomotor
space and the opticocarotid triangle OCT to more
than double [5, 22] so that the space gained can be
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Fig. 2. Artists drawing of our procedure in the microsurgical treatment of basilar bifurcation aneurysms by pterional approach. (A) a SEAC, b
Posterior clinoidectomy, ¢ O — no transection of the Pcom A. (B) d Temporary clipping. e Oxycellulose insertion. (C) f Combined clipping
procedure with the use of a fenestrated clip and a straight clip in which P1 and a part of the aneurysm neck incorporated to the P1 is preserved
at the fenestration of the former clip. The distal part of the incompletely occluded aneurysm is closed with a straight clip. (D) PCP-basilar artery
distance: if the distance is more than 5 mm, clipping procedures can be performed with more ease even if the aneurysm necks are 3 mm below

the level of PCP

used more effectively for placement of a temporary clip
even to the opposite P1 and for placement of a perma-
nent clip to aneurysms of relatively high position.

Transection of the posterior communicating artery

This technique has been recommended to be a help-
ful and harmless procedure for the access to aneurysms
of special location [17]. However, the occurrence of

tuberothalamic infarction due to ischemia of the
anterior thalamoperforating arteries territorial supply
especially after transection of the posterior communi-
cating artery PcomA [1, 11] is becoming increasingly
evident. This transection was performed in 15 of cases
of our early series: 11 cases were without any neurolog-
ical and neuroradiological sequellae, 3 cases presented
with initial slight hemiparesis followed by complete re-
covery as a consequence of tuberothalamic infarction
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on CT scan, and 1 case presented with persistent hemi-
paresis along with the infarction extending to the pos-
terior limb of the internal capsule. The complication of
persistent hemiparesis was considered to be due to an
individual variation of the perfusion territory pattern
of the sacrificed anterior thalamoperforating arteries
arising from the PcomA. After this complication of
persistent hemiparesis, our strategy of the use of
PcomA transection as a routine procedure has been
abandoned. Additionally the introduction of SEAC
has also made this procedure unnecessary. However
also to mention is that this type of infarction was also
observed in a further two cases of this series with sub-
arachnoid hemorrhage SAH without a PcomA tran-
section.

Temporary clipping and trapping

Temporary clipping method (including temporary
trapping method in about half of the cases) to obtain
secure aneurysm dissection and appropriate placement
of permanent clip was used in all but one case. In 75%
of the cases the duration was of less than 15 min. The
rest ranged between 15 min and 30 min. The longest
duration was 40 min. During the aneurysm dissection
the blood pressure was controlled and maintained at
100 mmHg of systolic pressure, under which local cor-
tical bood flow ICBF measured with thermal clear-
lance probe did nit change from the orginal ICBF
values. As additional neuroprotective measures Man-
nitol, barbiturate and heparine were used in accor-
dance to our protocol prior to and during the tempo-
rary clipping procedure [18]. Damaging sequellae due
to temporary clipping procedure could not be detected
in our series except for in one case presenting with
bilateral thalamic infarction presumably due to timing
of surgery being carried out at the very stage of vaso-
spasm.

Posteriorly projected aneurysms

Beside height and size of aneurysms, their projection
have been considered to be one of the factors which
make clipping procedures difficult especially at the
time of pterional approach, as the running course of
perforating arteries is behind aneurysms and therefore
hidden in this projection. Subtemporal approach has
been reported to be superior to the former for the man-
agement of such aneurysms at the time of dissection of
perforating arteries from aneurysms and hence their

Y. Yonekawa et al.

preservation [3]. But even with subtemporal approach
this dissection procedure in the depth is troublesome
especially in the presence of swollen brain at the acute
stage of SAH.

In this series five cases of which recently three were
treated successfully with the method of insertion of
oxycellulose between the back side of the aneurysm
and perforating artery for isolation [7, 14] followed by
occlusion of aneurysms by combination of a fenes-
trated clip and a conventional clip have been reported
elsewhere [21].

Others

For extremely high positioned aneurysms, some
special approaches have been reported: transorbital
transzygomatic approach and transthird ventricular
approach followed by subfrontal interhemispheric
approach [8]. Although we did not encounter the need
of these approaches in our series, as none of the aneur-
ysms were of such extremely high position, one might
take into consideration the approach of transrostrum
corporis callosi-lamina terminalis. This approach has
been developed for craniopharyngiomas or hypo-
thalamic tumors extending into the third ventricle and
into the intercrural and prepontine cistern [18]. This
approach offers an unexpextedly wide view of the
upper part of the basilar artery after opening the
lamina terminalis and the floor of the third ventricle
by a one sided (non dominant side) craniotomy with-
out compromising either the olfactory nerve or the
frontal sinus. Preservation of hypothalamic branches
running on the lamina terminalis and the wall of the
third ventricle is considered to be mandatory to pre-
vent postoperative deterioration of cognitive function.

This series includes five cases that required an
additional endovascular coiling procedure due to in-
completeness or impossibility of neck clipping and
four cases of neck clipping procedures; two cases of
posteriorly projected aneurysms, a case of residual
neck of one large aneurysm, a case of large aneurysm
with calcificed neck and a case of a de novo aneurysm
after neck clipping of basilar — superior cerebellar ar-
tery aneurysm 12 years ago in which neck clipping
procedure was hampered by previously placed clips.
This series includes, on the other hand, three cases af-
ter coiling procedures; one case of coil compaction
(Fig. 3) and two cases of unfeasibility of the coiling
procedure due to small size of the ruptured aneurysm
and due to tortuousness of vessels.
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Fig. 3. A case of coil packing followed by clip occlusion. (a) Before coiling. (b) Directly after coiling. (c) 3 months later. (d) Follow-up angiog-

raphy after the clipping.

Conclusion

Microsurgical occlusion of basilar bifurcation
aneurysms should be the standard treatment of use in
the face of the presently developing endovascular tech-
niques due to the completeness of aneurysm occlusion
acquired through this procedure. After having experi-
enced more than 40 consecutive cases of basilar bifur-
cation aneurysms, the authors describe their strategies
and tactics in the surgical management of basilar bifur-
cation aneurysms along with the surgical outcome.
The safe and effective use of SEAC procedure along
with pterional approach, no use of the technique of
PcomA transection, clips-combination technique
along with use of oxycellulose insertion for posteriorly
projected aneurysms and possible application of trans-
rostrum corporis callosi-lamina terminalis approach
for extremely high positioned aneurysms have been
emphasized.
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Endovascular treatment of cerebral vasospasm following aneurysmal subarachnoid

hemorrhage
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Summary

Endovascular treatment by balloon angioplasty or intra-arterial
papaverine infusion has been established as a valuable treatment
option in patients with cerebral vasospasm refractory to maximal
medical therapy. A summary of the indications, applications and
limitations is provided for microcatheter guided selective papaverine
infusion and transluminal balloon angioplasty in patients who sus-
tain cerebral vasospasm following subarachnoid haemorrhage.
Structured neuro-intensive and endovascular treatment of imminent
vasospasm integrate papaverine administration and balloon angio-
plasty as complimentary rather than alternative techniques.

Keywords: Transluminal balloon angioplasty; microcatheter
guided papaverine infusion; endovascular treatment; cerebral vaso-
spasm; subarachnoid haemorrhage.

Introduction

Cerebral vasospasm remains a leading cause of mor-
bidity and mortality following aneurysmal subarach-
noid hemorrhage [9]. Preventive measures include sur-
gical, medical and endovascular treatment. Surgical
measures are performed in conjunction with clipping
of the aneurysm and consist of flushing of the subar-
achnoid space and opening of the lamina terminalis.
In case of endovascular treatment of the ruptured
aneurysm, angiographic vasospasm may be treated
within the same session following occlusion of the
aneurysm. Endovascular means therefore are only
rarely preventive but are usually aimed at targeted
treatment of symptomatic and/or angiographic vaso-
spasm. Medical preventive treatment is always insti-
tuted consisting of calcium antagonist therapy in a first
step and hypertensive, hypervolemic therapy and
hemodilution (triple H therapy) when rising flow
velocities in basal cerebral arteries indicate impeding
vasospasm.

The discrepancy between a high incidence of angio-
graphic vasospasm or high flow velocity recordings by
transcranial colour Doppler sonography (TCD) be-
tween day 7 and 15 and a significantly lower incidence
of symptomatic vasospasm is explained by several fac-
tors. The high sensitivity of angiography and TCD to
detect and localize vasospasm, the individuals poten-
tial to compensate vasospasm by way of collaterals,
and last but not least the ability to judge a patients
clinical condition and its deterioration depending on
the Hunt and Hess grade.

Indication and methods

Cerebral vasospasm that is refractory to maximal medical man-
agement is an indication for endovascular therapy. In patients being
well amenable to clinical assessment progressive vasospasm is indi-
cated by confusion, deterioration in the level of consciousness and/
or development of a new focal neurologic deficit. In patients with
Hunt and Hess grade IV and V and in patients being intubated and
ventilated recognition of vasospasm is dependent on indirect means
only. Several techniques (bulbus oximetry, internal jugular vein
lactic acid differences) have been investigated to substantiate the
presence and location of cerebral vasospasm. TCD recordings have
proven to be efficient and sensitive but not specific for cerebral
vasospasm. TCD performed on a regular basis provides support to
non-invasive recognition of vasospasm when time averaged maximal
flow velocities exceed 140—-160 cm/s within the anterior, or middle
cerebral artery and intracranial internal carotid artery. A sudden
rise of 50 cm/s is indicative of moderate to severe vasospasm as
well. Prior to the decision to perform endovascular treatment a cra-
nial CT is performed. The objective is to exclude hydrocephalus,
haemorrhage, infarction or infection as causes of clinical deteriora-
tion or rising intracranial pressure values.

A new technique that is progressively being integrated into the di-
agnostic regimen is perfusion CT. Cerebral infarction either evident
on noncontrast CT or on blood volume parameter maps is a contra-
indication to perform endovascular therapy. However, significant
differences in territorial or hemispheric transit times not only sub-
stantiate the need to perform endovascular therapy but may help to
direct treatment to the vascular territory most severely affected.
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Fig. 1. 58 year old female with ruptured middle cerebral artery bifurcation aneurysm. Progressive right sided hemiparesis on day 8 following
subarachnoid haemorrhage. The lateral projection of the left carotid angiography (a) reveals marked vasospasm of the supraclinoid internal
carotid artery. Transluminal balloon angioplasty (b) due to circumscribed proximal location of vasospasm. Left lateral projection of carotid
angiography following angioplasty (c) depicts elimination of vasospasm with restoration of normal vessel calibre

Fig. 2. 65 year old male with ruptured Acom aneurysm. Confusion, right leg paresis on day 11 following subarachnoid haemorrhage. The
antero-oblique projection of the left carotid angiography (a) demonstrates marked vasospasm of both pericallosal arteries which are supplied
via a moderately narrowed left Al segment. The A1 on the right side was hypoplastic. Ap projection after contrast injection via the selectively
positioned microcatheter with the tip within the distal left A1 segment (b). Antero-oblique projection of left carotid angiography following
administration of 300 mg papaverine (c) shows marked vasodilatation within both A2 segments. The anterior cerebral artery and the proximal

middle cerebral artery have increased in calibre as well

The presence, location and degree of vasospasm are confirmed
by digital subtraction angiography (DSA). DSA as an invasive diag-
nostic procedure is performed only with the intent to perform endo-
vascular treatment.

Endovascular treatment

The objective of endovascular treatment of cerebral
arterial vasospasm is to restore adequate blood flow

and to prevent cerebral ischemia and infarction. Cere-
bral arterial vasospasm consists of an active and pas-
sive component. The active constituent is caused by
actin-myosin cross linking, while the passive compo-
nent is due to a fixed contractile apparatus within the
tunica media of the vessel wall. Endovascular treat-
ment is aimed at reversal of both components. Two
different techniques are applied: mechanical or phar-
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macological vessel dilatation. Mechanical vasodilata-
tion is achieved by means of transluminal balloon
angioplasty and is directed towards a circumscribed
proximal vessel segment. Balloon angioplasty was first
introduced in 1984 in the setting of clinical vasospasm
[18]. Balloon angioplasty reverses both active and pas-
sive components of vasospasm.

Pharmacological endovascular dilatation is based
on continuous intraarterial infusion of papaverine
via a microcatheter positioned within the proximal
intracranial vessel territory affected by vasospasm. Pa-
paverine treatment is effective within the entire vessel
territory primarily treated and recirculation exerts an
effect within other vascular territories as well. Its
action is predominantly directed towards the active
component of arterial vasospasm.

Treatment by balloon angioplasty is targeted to
proximal intracranial arterial vasospasm. Proximal
vasospasm affects the supraclinoid internal carotid ar-
tery, the middle cerebral artery mainstem, the proxi-
mal middle cerebral artery branches (M 2 segments)
and the A1 segment of the anterior cerebral artery [3,
16]. The arteries of the vertebro-basilar system includ-
ing the proximal posterior cerebral arteries (P1) are
accessible to balloon angioplasty as well, but only
rarely exhibit vasospasm. Vasospasm occurring distal
to the aforementioned vessel segments is not accessible
to endovascular balloon treatment due to small vessel
size. Balloon angioplasty is performed with compliable
balloon systems with a diameter of 1.5 and 2.0 to
3.0 mm. Even though angioplasty is directed to and
effective on a morphological basis in circumscribed
proximal vessel segments only, the rational is to im-
prove blood flow, oxygenation and metabolism within
the distal arterial territory as well [1, 5].

In order to achieve sufficient dilatation within a
longer proximal vessel segment or in multiple vessels,
repeated balloon inflations may be required in dif-
ferent positions. In patients with maximum degree
proximal vasospasm pre-treatment with intraarterial
papaverine injection is at times the only means to
achieve sufficient predilation to allow a balloon to be
placed without obstructing blood flow. Additional bal-
loon angioplasty on the other hand remains an option
in patients with proximal vasospasm refractory to pa-
paverine treatment [11].

Balloon angioplasty mechanically reverses the ac-
tive and passive component of vasospasm. By disten-
sion of the internal elastic lamina and tunica media,
smooth muscle constriction and fixation of the con-

tractile filaments and muscle fibres are thus eliminated.
Balloon angioplasty therefore bears the risk of vessel
rupture in case of overdistension of the vessel.

Vasospasm following angioplasty is not prone to re-
currence. The dilating effect of transluminal balloon
angioplasty was found to persist in 99% [3] and 100%
[16] of vessel segments treated.

Limitations of balloon angioplasty include the seg-
mental nature of dilatation and the inaccessibility of
distal vessel segments. A contraindication to balloon
angioplasty is a vasospastic vessel segment harbouring
a clipped or coil treated side wall aneurysm and an
unsecured aneurysm at or distal to the vessel segment
affected by vasospasm. Manifest cerebral ischemia
proven by CT or diffusion MR is a contraindication
for any endovascular intervention as well. In patients
with symptomatic or severe vasospasm at the time
of initial angiography after subarachnoid hemorrhage
a combined treatment approach may be performed
starting with obliteration of the aneurysm followed by
initiation of spasmolytic therapy. In 12 patients with
severe vasospasm on admission combined GDC occlu-
sion of the aneurysm and balloon angioplasty was per-
formed in 6 patients, papaverine infusion in two cases
or both treatment modalities in 4 patients in a single
session. In all patients angiographic improvement of
vasospasm was obtained [12].

Microcatheter guided intraarterial papaverine infu-
sion is an alternative or supplementary treatment to
balloon angioplasty in patients affected by vasospasm.
First introduced in 1992 Kaku and Yonekawa [7]
established superselective application of papaverine
via a microcatheter. The authors were the first to re-
port administration of papaverine in conjunction with
PTA. Superselective papaverine application via a mi-
crocatheter which is placed within the proximal vessel
segment has since evolved as a standard technique.
Kassell and coworkers [8] established 300 mg papaver-
ine as a standard dose dissolved within 100 ml of sa-
line. Heparine should not be added in order to prevent
crystal formation. Infusion is performed over a mini-
mum of 30 minutes. Papaverine may also be adminis-
tered as an adjunct following proximal angioplasty in
order to reverse additional distal vasospasm. The long
term effects of intraarterial papaverine treatment as
the sole therapy has been questioned in view of its
short pharmacologic half life of 8.5 minutes. After pa-
paverine infusion a beneficial effect was found to be
limited to the first three hours only by continuous
long term thermal diffusion rCBF measurements [17].
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Recurrence of vasospasm following papaverine treat-
ment is not uncommon. Repeated infusions due to re-
currence of vasospasm have been reported in 23.3%
[16] and even in 37.5% of patients [13]. The incidence
of a second recurrence following standard dose papa-
verine treatment is low [6.7%)] and tends to affect dif-
ferent vessels than the ones previously treated [16]. In
case of multi-territorial vasospasm or recurrence, the
papaverine dose may be increased up to 600 mg [13,
16]. Recurrence of vasospasm accounts for the major
limitation of papaverine treatment. However, repeti-
tive papaverine administrations may be performed
based on symptoms, TCD recordings or angiographic
findings. Even though the efficacy of papaverine has
been questioned within a later stage of vasospasm, a
maintained effect corresponding to initial treatments
has been shown. In 17 patients with recurrent vaso-
spasm papaverine administration reversed prolonged
circulation time in 90 of 91 (99%) vessels treated. Re-
peated infusions were as successful as the primary
treatment [10]. In case of symptomatic vasospasm
treatment should be instituted as early as possible. A
two hour window was found to exist for restoration of
blood flow by endovascular treatment [15].

Preventive treatment without clinical or angio-
graphic evidence of vasospasm is not indicated in
view of the following limitations and side effects. Lim-
itations of papaverine treatment are raised intracranial
pressure, and systemic hypotension. Side effects consist
of respiratory depression and brainstem dysfunction in
vertebral artery infusions [5], systemic hypotension
and propensity to seizures in supratentorial arterial
infusions [2].

Both papaverine and combined angioplasty and
papaverine treatment are conducted under general an-
aesthesia. Elevated intracranial pressure is strongly as-
sociated with poor outcome and death in a series of 62
patients treated by balloon angioplasty and papaver-
ine at the University of Cincinatti [1]. Papaverine was
most effective as a single dose treatment in distal
monoarterial vasospasm, if balloon angioplasty was
impossible or not considered safe. Balloon angioplasty
was indicated as an early treatment in multi-territorial
proximal vasospasm. In another study the efficacy of
balloon angioplasty was assessed in comparison to
papaverine therapy and to combined angioplasty and
papaverine spasmolytic treatment [14]. While the effect
on proximal flow velocities was most pronounced in 12
patients treated with balloon angioplasty, the effect on
cerebral blood flow and increase in vessel diameter was
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more prominent in 20 patients following papaverine
application. Combined treatment by papaverine and
angioplasty in 13 patients proved most effective with
respect to increase in cerebral blood flow and arterial
diameter.

Despite aggressive instantaneous and repetitive
treatment attempts by endovascular interventions the
overall benefit with respect to patients outcome is diffi-
cult to assess. Early clinical improvement following
endovascular treatment is strongly associated with
favourable outcome [4]. In a review of 38 patients en-
rolled as part of the American trial of tirilazad the au-
thors state the effectiveness of transluminal balloon an-
gioplasty but conclude that the superiority to medical
management is questionable [5]. In a series of 30 pa-
tients treated with papaverine infusion and angio-
plasty permanent clinical improvement was achieved
in 73.3% of patients [16]. These results compare fa-
vourably with a rate of 69% permanent improvement
in a series of 24 patients with papaverine as the sole
treatment [13] and are identical to a series of 101 PTA
treated vessels with maintained clinical improvement
in 74% of patients [3].

Conclusion

The complexity of vasospasm with respect to mono-
or multiterritorial location, proximal or distal vessel
territory involvement and different degrees of severity
render correlation of angiographic improvement with
clinical improvement difficult [5, 16]. This is not
surprising in view of the fact that endovascular treat-
ment is only one constituent of the challenging neuro-
intensive management of patients after subarachnoid
hemorrhage.
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The intracranial B-waves’ amplitude as prognostication criterion of neurological
complications in neuroendovascular interventions
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Summary

The purpose of this study was to evaluate dynamics of B-waves’
amplitudes (BWA) of blood flow velocity (BFV) in patients with cer-
ebrovascular diseases during endovascular operations. We examined
12 patients with neurovascular pathology during neuroendovascular
interventions. Patients were divided into two groups: lst group
(6 cases) — without intraoperative neurological complications, 2nd
group (6 cases) — with complications. Bilateral monitoring of BFV
in middle cerebral arteries was carried out applying Multi Dop X.
To estimate BWA Fourier analysis was used. In the 1st group preop-
erative BWA on the affected side was 3.9 + 0.6 cm/s. Intraoperative
(during an access to pathologic formation and its embolisation)
BWA increased up to 7.7 + 1.1 cm/s (p < 0.05). Postoperative
BWA decreased to 4.2 + 0.8 cm/s. In the 2nd group the preoperative
BWA on the affected side was 9.6 + 1.1 cm/s (p < 0.05), thus higher
than in the Ist group. Intraoperatively we observed further increase
of BWA up to 12.1 + 2.6 cm/s, accompanied by occurrence or in-
crease of neurological symptoms. Postoperative BWA decreased to
10.4 4+ 2.9 cm/s, whereas we didn’t observe regression of neurologi-
cal symptoms.

Keywords: Cerebral blood flow; cerebral autoregulation; transcra-
nial Doppler; spectral analysis; intracranial B-waves; neuroendovas-
cular intervention.

Introduction

Efficient treatment of neurovascular disorders is
strongly dependent on the state of cerebral circula-
tion during endovascular intervention [3, 4, 10, 13].
Quick and timely estimation of mechanisms regulating
cerebral blood flow (CBF) would allow to reveal
impaired function of cerebral circulation system at a
stage that precedes development of neurological com-
plications, and, thus, prevent them by taking necessary
treatment-and-prophylaxis measures.

Existing methods of regulation assessment are based
on use of transcranial Doppler to monitor the linear
blood flow velocity (BFV) in basilar arteries at differ-
ent stages of treatment of neurosurgical cases [3, 4, 10].

Special attention is paid to studying cerebral blood
flow autoregulation (CA) as one of the main properties
of a system of cerebral circulation supporting con-
stancy of CBF in case of changes of cerebral perfusion
pressure (CPP) within certain limits [1, 4, 19].

From the 90ies on, conventional methods to study
CA (in time domain) [1, 4, 6] were supplemented by
applying spectral analysis (in frequency domain) [2, 5,
7,9, 12, 16, 22]. Estimation of BFV and CPP in time
domain enabled obtaining information on static (by
changing CPP by pharmacological means) and dy-
namic (by using cuff or compression tests, as well as
Valsava’s maneuver) CA in case of normocapnia, hy-
pocapnia and hypercapnia [1, 11, 15, 17, 20]. Studying
CA on the basis of spectral analysis resulted in forming
a concept according to which CA was a complex
multi-component mechanism ensuring constancy of
CBF not only in quick changes of CPP, but also in
its slow spontaneous oscillations within MF (middle
frequency) (0.1 Hz) and LF (low frequency) (0.02—
0.07 Hz) ranges without any considerable effect on
systemic and cerebral hemodynamics as a whole [2, 6,
9, 12]. From this point of view CA can be regarded as a
high-pass filter transmitting HF oscillations of BFV
(>0.2 Hz) which are characterized by high coherence
and a smaller phase shift in comparison with analo-
gous oscillations of the systemic blood pressure (BP).
At the same time, this high-pass filter damps down
MF and LF oscillations of BFV (Mayer’s waves,
etc.). It manifests itself in low coherence and a bigger
phase shift between BFV and BP within the above
mentioned range. These data demonstrate that CA de-
pends on frequency and is more effective within MF
and LF ranges, as compared to HF range. Disorders
of CA lead to an increase of the filter’s transmitting
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capacity and, as a result, to higher coherence and a
smaller phase shift between BP and BFV within MF
and LF ranges of spontaneous oscillations.

Spectral analysis is an informative, simple and
absolutely safe method of CA estimation. Thanks to
this fact, it is used in clinical practice for diagnosis of
CA disorders in cases with intracranial aneurysms,
arteriovenous malformations and occluding lesions of
major cervical vessels [6, 9, 15, 18]. However, its wider
use is limited by the — technically often not feasible —
necessity of continuous recording of BP.

Though acknowledging that CA is a frequency-
dependent phenomenon, many researchers pay more
attention to studying the spontaneous oscillations
within the range of Mayer’s systemic waves and respi-
ratory waves instead of focusing on the B-waves
(0.008-0.03 Hz). For the first time these waves were
detected in the spectrum of intracranial pressure [8] its
rise causing an increase of B-waves’ amplitude. Later
on it was discovered that they originated within the
spectrum of BFV [14]. However, the exact cause for
their appearance is not entirely clear [14, 22]. B-waves
are likely to reflect a state of regulatory mechanisms
of CBF mediated via smooth-muscle cells of cerebral
vessels or stem pace-makers which change CBF within
certain periodicity by effecting the activity of vasomo-
tor neurons.

Our investigation is based on a supposition, accord-
ing to which disorders of CA not only cause changes of
coherence and a phase shift between BFV and BP
within the MF range, but also changes of B-waves’ pa-
rameters. The purpose of the study is to evaluate an
amplitude of intracranial B-waves of BFV and its
dynamics in endovascular interventions performed in
cases with neurovascular pathology.

Materials and methods

Description of patients

There were 12 cases (7 males and 5 females, aged 25-60) with
different neurovascular pathology, including malformations (7),
aneurysms (4) and carotid-cavernous fistula (1). Supratentorial and
subtentorial localization of malformations were observed in 6 and 1
patients respectively; all aneurysms were localized in the region of
the internal carotid artery.

Malformations and aneurysms manifested themselves in a single
episode of subarachnoid hemorrhage or a seizure; carotid-cavernous
fistula developed after head injury of moderate severity.

Accompanying somatic diseases were represented by coronary
heart disease, observed in elderly patients (50-60 years old); though
there was no need to prescribe additional cardiac drugs during the
period of treatment.
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The patients were admitted to a hospital a month after disease on-
set. As for admission, subsequent examination and intervention, they
were characterized either by absence of any neurological symptoms
or presence of oculomotor or minor motor disorders.

Interventions

Due to localization of malformations in eloquent cerebral areas,
big and giant aneurysms or their localization at the level of an oph-
thalmic segment of the internal carotid artery, endovascular opera-
tion was considered to be preferable to open surgical intervention.

Operations were executed according to a standard method with an
approach through the right femoral artery and use of catheters for
endovascular interventions (Balt). Superselective embolization of
malformations was performed through afferent vessels, using histo-
acryl as an embolizing substance; aneurysms and carotid-cavernous
fistula were occluded with mechanically detachable coils and latex
balloon. Anesthesiologic support consisted in sedation-analgesia (a
standard-dose combination of propofol and fentanyl).

Monitoring

Perioperative bilateral monitoring of BFV in the middle cerebral
artery was carried out applying Multi Dop X (DWL). BP was moni-
tored invasively through the 20-22 GA catheter, introduced into the
radial artery; the M-34 mingograph (Siemens) was used. Recorded
indices were monitored every 5 min during operation; a patient was
in a horizontal position with his head elevated up to 30°; monitoring
was carried out at rest against a background of preserved spontane-
ous breathing.

A protocol of perioperative monitoring during neuroendovascular
interventions was approved of by the Ethic Committee of the
Polenov Neurosurgical Institute. Monitoring started after receiving
the patient’s written consent.

Data analysis

Spectral analysis of B-waves of BFV in the middle cerebral artery
was carried out according to a standard algorithm with the help of
Statistica 6.0 for Windows (Time Series/Forecasting module). A
time series within an interval of 240-300 sec was chosen based on
the Kotelnikov-Shannon’s theorem stating the estimation of the
spectrum of LF oscillations requires analysis of a time series for a
period, which is at least twice as long as a maximum period of LF
oscillations (120 sec for B-waves). To ensure stability of this series,
spectral analysis was preceded by subtraction of the mean from
values of a time series. Smoothing of values, characteristic of one
period, was performed with the purpose of incidental noise suppres-
sion, reducing dispersion of a time series and revealing frequencies
with high spectral densities, which contributed significantly to a peri-
odic behavior of the whole time series. Smoothing was achieved
by transformation of the running weighted mean in Hemming’s
window. Then the spectral density of all oscillations in a chosen
time interval, including the range of intracranial B-waves (0.0083—
0.033 Hz), was calculated. Calculation of B-waves’ amplitude
(BWA) was carried out in accordance with the following formula:

BWA = vSD x F (cm/s)
(SD - spectral density, (cm/s)?/Hz; F — frequency, Hz)

Statistics

Statistical processing of data was carried out with the help
of standard methods (Statistica 6.0 for Windows). Criteria
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used were parametric (Student’s t-criterion) and non-parametric
(Kholmogorov-Smirnov’s criterion, Pirson’s y? criterion). Differ-
ence was considered to be statistically reliable with p < 0.05.

Results

BWA was estimated in succession at three stages of
intravascular intervention. The first stage preceded
with the introduction of a catheter guide into major
cervical vessels. The second stage corresponded to the
period of microcatheter’s delivery to the pathologic
formation and the actual surgical intervention. The
third stage corresponded to completion of the opera-
tion and removal of catheters.

The patients were subdivided into two groups, de-
pending on the course of the intraoperative period.
The 1st group included cases (6) without neurological
complications during intraoperative period; the 2nd
group (6) comprised patients with development of
intraoperative neurological complications (headache,
suppressed consciousness, nausea, vomiting, gross
motor and speech disturbances). The causes of compli-
cations were as follows: thrombosis of the internal
carotid artery — 2 cases with aneurysm and 1 case with
carotid-cavernous fistula; cerebral vasospasm and
intracranial hypertension — 1 female patient with
aneurysm and 1 male patient with malformation;
parenchymal-subarachnoid hemorrhage into cerebel-
lar hemispheres — 1 female patient with malformation
of subtentorial localization. As for the last female, de-
velopment of marked bulbar symptoms resulted in a
fatal outcome during the first postoperative day.

Patients without intraoperative complications

Mean values of BP, BFV and BWA, recorded on the
side of operation and on the opposite side in patients of
the Ist group at different stages of intravascular inter-
vention, are given in Table 1.

Due to anesthesiologic support (sedation-analgesia)
causing no considerable suppression of breathing
and BP reduction and transnasal insufflation of an
oxygen-air mixture, spontaneous breathing of patients
corresponded to normoventilation conditions. It was
confirmed by capnography data and measurements of
pCO; in arterial blood. At the main stage of operation
there was a reliable increase of BWA (p < 0.05)
(Table 1) on the side of intervention and on the oppo-
site side. On both sides no considerable changes of BP
and BFV were observed during intervention (Table 1).

Table 1. BP, BFV and BWA of patients of the first group at different
stages of endovascular intervention

Stages of BP BF parameters [cm/s]
operation [mm Hg]

On the side On the

of operation opposite side

BFV BWA BFV BWA
Preoperative 79+9 77+ 11 39406 82 +12 3.8+0.7
Intraoperative 84 +10 85+12 7.7+1.1 75412 75+13
Postoperative 84 + 11 87+ 14 42+0.8 83+ 15 40+0.6

Figure 1 demonstrates monitoring of BFV and
BWA on the side of operation at different stages of
intravascular intervention performed in a 25 years old
patient with giant aneurysm of the left internal carotid
artery. Complete exclusion of the aneurysm from
blood circulation was achieved by means of its occlu-
sion by a latex balloon. There were no intraoperative
and early postoperative neurological complications.

Patients with intraoperative complications

Mean values of BP, BFV and BWA, recorded on the
side of operation and on the opposite side in patients of
the 2nd group at different stages of intravascular inter-
vention, are given in Table 2.

Perioperative changes of BFV and BP in patients
of the 2nd group, as well as in cases of the 1st group,
were insignificant. Their breathing was spontaneous
and corresponded to normoventilation parameters.
BWA was considerably higher already before opera-
tion (p < 0.05), i.e. before performing manipulations
on major vessels (a change of an angiographic catheter
for a catheter guide, introduction of a microcatheter
into intracranial vessels), as compared to patients
without complications (Table 2). However, there were
no objective signs of augmentation of neurological
symptoms. Further increase of BWA, observed on the
side of operation and opposite side at the main stage
of intervention, was accompanied by occurrence or
increase of neurological symptoms (appearance of
headache, nausea, vomiting, motor and speech dis-
orders, sharp suppression of consciousness up to deep
stupor, sopor). Reduction of BWA after operation
(detachment of a spiral, balloon, injection of a glue
composition, removal of catheters) was insignificant.
There was no regression of neurological symptoms.

Figure 2 demonstrates monitoring of BFV and
BWA on an operated side in a 42 years old female
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Fig. 1. Monitoring of BFV and BWA on the side of operation before (A), during (B) and after (C) the operation, performed in 25 years old
patient with giant aneurysm of an ophthalmic segment of the left internal carotid artery

patient with a large saccular aneurysm of the supra-
clinoid segment of the left internal carotid artery.
Before operation BWA on the side of the aneurysm
was considerably higher than in patients without
complications; it was watched against a background
of relatively normal parameters of BFV in the left
middle cerebral artery. The patient developed nausea,
vomiting, psychomotor excitement, dysphasic dis-
orders at the stage of an approach to aneurysm (intro-
duction of a coil into aneurysm and its subsequent
detachment). Monitoring of BFV, carried out just

Table 2. BP, BFV and BW A of patients of the second group at differ-
ent stages of endovascular intervention

Stages of BP BF parameters [cm/s]
operation [mm Hg]

On the side On the

of operation opposite side

BFV BWA BFV BWA
Preoperative 85+ 11 71+13 96+1.1 79+15 84+ 14

Intraoperative 96 + 9
Postoperative 90 + 7

89+ 18 12.1 £2.6
66 +12 104 +2.9

83 +12 994123
64+13 79429

before the described aggravation, did not reveal its
considerable changes, though there was a further in-
crease of BWA. After a coil detachment and catheters
removal BWA reduced but did not reach the initial
means before the operation. After operation the fe-
male patient was admitted to the Intensive Care Unit,
where she spent a day and was subjected to intensive
infusion therapy. Neurological symptoms regressed
during a week.

Discussion

Volby et al., in 1982 found in patients with acute
subarachnoid hemorrhage, that correlation of B-waves
amplitude increase during recording of intracranial
pressure (ICP) with the severity of the bleeding accord-
ing to the Hunt and Hess scale, as well as with the
severity of intracranial hypertension and cerebral vas-
ospasm [21]. Carrying out spectral analysis of BFV
and ICP in patients with severe craniocerebral trauma,
Newell et al. [14] concluded that B-waves of ICP were
derivatives of B-waves of BFV, which, most likely,
characterized a state of myogenic or neurogenic mech-
anisms of CBF regulation. In our opinion, intracranial



The intracranial B-waves’ amplitude as prognostication criterion of neurological complications 57

100+  BFV [cmls] 129 BwA [cmis]
’ A
"‘"-.._‘_“_._'___..
4
50 0-
12-
100-
s /___\H
1 /
Y | B
|
S .
T #W&W| i E/
S50- 0-
100~
1 f 1| 129
Mt & ! | ol | AL
1 iy M) | "I'lrl' | i i " |¥‘.J V! M
I} ARV _:_‘I,“! ;-4'._!*" Ml } i LERreS W | J'r \ ™ e | J 8
! Ll \ 1“"‘: lwl |"‘I_ll_l'l_'l“‘I il -ul.l'.h alini s -~ ‘H\k\\/ g C
—_—
4 /
50
- T r-r—Trrrrr-rrorrrrrrrrrrrr 0 T T T T T T T T T
0 50 100 150 200 250  sec 8 35 mHz

Fig. 2. Monitoring of BFV and BWA on the side of operation before (A), during (B) and after (C) the operation, performed in 42 years old
patient with large aneurysm of a supraclinoid segment of the left internal carotid artery

B-waves reflect a state of regulatory mechanisms of = mal. Determining limits of normal values of BWA is
CBF as a whole. It appears, that different pathologic ~ a subject for further research.

states (intracranial hypertension, cerebral vasospasm, Mean values of BWA were compared with mean
hemorrhage, brain compression) are accompanied by  indices of a phase shift within the range of MF waves.
dysfunction of stem pace-makers, which control CBF,  This was done in both groups of patients at rest and
analogous with a effect of the brain stem on respiration ~ before intervention. As for the 1st group, the preoper-
rate, heart rate and other physiologic parameters. At  ative mean values of a phase shift between BFV and
the same time, these very states, causing changes of =~ BP within the range of MF waves were 79.8 + 11.4
CPP, result in impairment of vasodilatation and vaso-  on the side of operation and 83.4 + 13.4 — on the op-
constriction processes in cerebral vessels, which is re-  posite side. In the 2nd group mean values of phase shift
vealed with a cuff test, cross-spectral analysis within ~ within the same range were much smaller: 17.2 + 8.5
the range of MF waves. One cannot answer exactly  and 24.6 + 8.5 respectively (p < 0.05). These data are
whether a neurogenic or myogenic mechanism is the  similar to the ones previously presented by other au-
first to be affected; thus, this problem requires further thors [5, 6, 16].

examination. The data obtained demonstrate possible use of
It is known, that low coherence and a big phase shift BWA of BFV to estimate the state of a cerebral circu-
between BP and BFV within the range of MF waves,  lation system and prognosticating intra- and postoper-

observed in healthy individuals with normal CA, are ative neurological complications in endovascular
combined with a low BWA [4, 22]. Our examination  interventions performed in neurosurgical patients.

of neurosurgical patients with preserved CA and a It is doubtless that simultaneous recording of BFV
compensated function of the high-pass filter showed and other functionally important parameters (BP,
BWA indices close to normal values. As for cases ICP) gives more extensive information about the state
with impaired CA and a decompensated function of  of regulatory mechanisms of cerebral circulation sys-
the high-pass filter, BWA indices were far from nor- tem than studying BFV only. However, prolonged
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non-invasive recording of BP for some 4-5 minutes,
carried out with the help of the Finapress apparatus,
is accompanied by transient disorders of microcircula-
tion in a finger and, often causes measurement errors
and necessity to discontinue investigation and to place
a cuff on another finger. Using this simple (and avail-
able) method — that does not demand additional con-
tinuous measurement of BP and ICP — to estimate
BWA of BFV, would permit to reduce time and
volume of intraoperative investigation without effect-
ing diagnostic and prognostic significance of the
obtained results which is extremely important as to
ensure choosing an adequate algorithm of therapeutic
and preventive measures.
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Management of severe subarachnoid hemorrhage; significance of assessment of
both neurological and systemic insults at acute stage
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Summary

In order to elucidate mutual interrelationship between neurologi-
cal and systemic dysfunctions in patients with subarachnoid hemor-
rhage (SAH) at acute stage, neurological condition, systemic compli-
cations and plasma catecholamine (CA) level were studied in 1431
consecutive cases admitted within 72 hours after the onset. Five
hundred and twenty-four cases with Glasgow Coma Scale (GCS)
score 8 or less were assigned to the group of severely ill cases (G-ill),
907 cases with GCS score 9 or more to that of the less ill group (G-
well). Plasma CA level was extremely high at super-acute stage with-
in an hour after bleeding and lowered fairly quickly within 24 hours
to the normal range. Assuming the value obtained from a formula of
[blood sugar level (mg/dl)/serum potassium concentration (mEq/L)]
as stress index (SI), SI correlates well (r = 0.4~0.6) with serum cate-
cholamine level at acute stage. Thus, sympathetic hyperactivity after
SAH can be grossly estimated with SI. SI over 40 means that patients
might have considerable neurological insults as well as systemic
ones. For patients in G-well, SI over 50 means that there may be
risks for systemic complications even in cases with good neurological
condition.

Keywords: Subarachnoid hemorrhage; systemic complication;
neurological grade; sympathetic storm.

Introduction

It is well known that patients with severe SAH are
in severely ill condition not only by neurological but
also by systemic insults. Systemic dysfunctions accom-
panying acute SAH are thought to be caused mainly
by sympathetic hyperactivity which occurs at the onset
of hemorrhage. Massive release of catecholamines
(CA) by this abnormal sympathotonia often brings
about life-threatening cardiopulmonary and systemic
complications like varying types of arrhythmia, car-
diac failure, neurogenic pulmonary edema (NPE)
and/or extreme hypokalemia [1-8]. Clinical manifes-
tation of neurological insults and that of systemic dys-
functions in patients with poor grade SAH have been

studied well but separately so far. Thus, a precise rela-
tionship between these two clinical aspects of acute
SAH have not yet been elucidated sufficiently [§8]. In
this paper, we describe the results of a study about re-
lationship between these two conditions that are seem-
ingly independent but actually connected well to each
other.

Patients and methods

The cohort which was studied in this report comprised 1431 con-
secutive SAH patients admitted within 72 hours after the onset. Five
hundred and twenty-four patients with Glasgow Coma Scale (GCS)
score 8 or less on admission were studied as a severely ill group (G-
ill), and 907 patients with GCS 9 or more were used as non-severely
ill control (G-well). Blood sample for serum level of CA, potassium
(K™) or glucose (BS) was obtained at the emergency room immedi-
ately after patient’s admission. Cases who had history of laboring re-
nal insufficiency or diabetus mellitus and who underwent resuscita-
tion for cardiopulmonary arrest caused by SAH were omitted from
the cohort in order to exclude influences of these conditions on serum
K™ or BS level. Statistical analyses were made by Fisher’s t-test, x-
square test or Kruskal-Wallis test. Regarding demographic back-
ground of the two groups, male to female ratio is 0.76 in G-ill and
0.64 in G-well that are not significantly different, while the average
age is higher in the former group than in the latter (56.8 + 13.1 vs
54.3 +12.0; P < 0.01).

Results

Serum CA level

Serum epinephrine level on admission in acute SAH
patients is extremely elevated nearly up to the level
of 800 pg/ml (almost 8—10 times higher than normal)
immediately after the hemorrhage and then gradually
falls down to the normal range within 24 hours. The
spiky rising and rapid dropping of temporal profile
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Fig. 1. Left: Time course of plasma CA after SAH. Dotted lines represent noradrenaline, and solid ones adrenaline. Horizontal lines are the
upper normal limits. Right: Time course of SI. Note the identical pattern of CA level and SI

is almost the same as with serum norepinephrine
levelin of which the initial peak value is around 1000—
1200 pg/ml (3—4 times higher than normal) (Fig. 1,
graph on the left).

Blood sugar, serum potassium level and stress index

An elevation of BS and reduction of Kt are phe-
nomena well-known to physicians treating patients
suffering acute SAH. Serum level of these two sub-
stances correlate well to the neurological grade on ad-
mission with statistical significance (P < 0.01), that is
mean BS level is higher and K+ level is lower in the
group of poorer grading. Consequently, providing a
value calculated from BS level divided by serum potas-
sium level (BS™#/dl/K+mEa/l) a5 Stress Index (SI), SI
significantly correlates (P < 0.01) with clinical grade.
Plotting a temporal profile of mean SI values at each
time stage after SAH, time course of SI is almost iden-
tical with that of plasma CA (Fig. 1, graph on the
right). A correlation coefficient between SI and cate-
cholamines at each time interval from the onset of
SAH is 0.5 to 0.6 with statistically significant probabil-
ity (P < 0.05) at least up to 12 to 24 hours. Thus, one
can roughly estimate the extent of sympathetic tone of
patients with acute SAH in emergency rooms by using
SI, which can easily be computed in ordinary clinical
setting from serum BS and potassium level.

Comparing the composition of neurological grades

in groups of every 5 SI scores, a significant difference
is present between the groups with SI below and above
40 (Fig. 2, graph on the top). This means that groups
with SI higher than 40 are significantly worse regard-
ing neurological state than those with SI below 40
(P < 0.01).

Cardiopulmonary complications and SI

As manifestation of serious cardiopulmonary com-
plications, neurogenic pulmonary edema (NPE) was
observed in 14.6% of overall cases, apnea attack in
10.9%, cardiac failure in 2.6% and ventricular tachy-
cardia or fibrillation (VT/VF) in 1.8%. Furthermore,
ischemic ST/T changes on ECG were identified in
33.6%. These complications are more frequently ob-
served in patients with higher SI, incidence of which
is significantly different (P < 0.05) between the groups
with SI below and above 40, and that with SI below or
above 50 (Fig. 2, graph at bottom). Incidence of com-
plications is 35.6% in G-ill and 12.5% in G-well with
a significant difference (P < 0.01). Mean SI of G-ill is
58.0 4+ 21.3 and that of G-well is 44.2 + 16.4, which is
significantly different (P < 0.01: Fig. 3, left columns).
In G-ill, mean SI is 57.2 in cases with complications
and 59.8 in those without (Fig. 3, columns in the
mid), while in G-well, mean SI is significantly different
(P < 0.01) in those with complications (SI = 52.5) and
those without (SI = 41.9) (Fig. 3, right columns).
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Discussion mortality still exceeds more than one third of overall
patients and only less than a quarter of patients with

Although management of patients suffering SAH at SAH can make a complete recovery [4]. The major
acute stage has been improved steadily in recent years, cause of mortality and morbidity from SAH can be



62

attributed to direct brain damages by SAH per se, re-
bleeding from the ruptured aneurysm or vasospasm.
However, in recent studies it has been recognized that
nearly a quarter of overall deaths from SAH was due
to systemic complications [9]. These life-threatening
complications are caused by sympathetic hyperactivity
which occurs immediately after the onset of SAH and
brings about excess discharge of CA [1-8]. The patho-
physiological mechanism of this drastic activation of
the sympathetic system concurring with SAH is as-
sumed to be due to damages to the tissue around the
anterior hypothalamus[1, 6, 8]. Neil-Dwyer and Doshi
[6] reported that histological changes of the hypothal-
amus in patients who had died following SAH con-
sisted of small perivascular hemorrhages, distensions
of perforated vessels with small ball hemorrhages,
oedema or the vessel walls involving the endothelial
cells with perivascular cuffing of polymorpholeuco-
cytes and microinfarction. Even complete infarction
of the hypothalamus was observed in some cases.
These hypothalamic lesions are supposed to be in-
duced by ischemic insults due to spasm of the small
vessels which supply the region [5, 6]. Although in the
literature there are numbers of reports describing that
an elevation of CA is sustained throughout the acute
phase for more than a week after SAH [2-6], data
which are shown here clearly demonstrate that plasma
CA rose up once to an extremely high level immedi-
ately after the bleeding, and then returned to normal
range fairly quickly within 12 to 24 hours (Fig. 1). Dis-
crepancies between the results of the literature and the
presented data can be explained by our study method
using blood samples obtained only at the time of pa-
tients’ arrival, in order to avoid the influence of stresses
on patients caused by surgical, medical and/or exami-
nation procedures, while those used in the literature
were obtained on and after admission when patients
may have been exposed to stressful procedures. Con-
sequently, as we did not examine the change of plasma
CA level after admission, our data can only delineate
the features of CA surge at initial or super-acute stage
after SAH. Moreover, it seems quite feasible that
many patients with SAH might suffer from prolonged
sympathetic hyperactivity, or more generally speak-
ing, dysfunction of the autonomic nervous system for
a certain period of time, because they have actual
tissue damages in the hypothalamus as shown histopa-
thologically in the literature [1, 6]. Some authors men-
tioned the acceleration of vagal as well as of sympa-
thetic activity at 4-5 days after onset of SAH, which
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might well be explained by these parenchymal lesions
[2]. So, although our data undoubtedly demonstrates
that abnormally elevated plasma norepinephrine and
epinephrine levels, which are induced by the initial im-
pact of SAH per se to the hypothalamus, are lowered
quickly toward the normal range within 24 hours after
bleeding, there might be a secondary effect of auto-
nomic derangement which possibly is prolonged and
may well influence, at least to some extent, the evolu-
tion of vasospasm [5].

In ordinary clinical setting, it is not easy to evaluate
accurately the extent of sympathetic activity. How-
ever, judging from similarity of the time course of
ST to that of plasma CA (Fig. 1) and a good statistical
correlation between these two parameters as men-
tioned above, it is not arbitrary to say that one can
grossly estimate sympathetic activity by calculating
SI from BS and K™, both of which can be easily and
quickly measured in the emergency room [7, 8]. By us-
ing SI as an indicator of plasma CA level, we can dem-
onstrate a relationship between neurological state and
sympathetic activity at acute stage. The group of pa-
tients with SI over 40 comprises significantly larger
numbers of neurologically ill patients than the group
with SI less than 40 does (Fig. 2, top). Namely, SI
over 40 means that the patients are quite ill due to sys-
temic sympathetic hyperactivity and at the same time
because of their neurological condition.

In this study, we adopted 5 typical cardiopulmonary
dysfunctions as systemic complications caused by
SAH, that involve NPE, apnea, cardiac insufficiency,
VT/VF or ischemic ST/T change on ECG. Among
those, NPE and cardiac insufficiency may occur simul-
taneously or in isolation [4]. Both NPE and electrocar-
diographic abnormalities are transient and observed
only in the acute phase [4], that is corresponding well
to the rise and fall pattern of plasma CA level demon-
strated here (Fig. 1). A study as to relationship be-
tween SI and incidence of complications demonstrated
that significant difference is observed between the
groups with SI below and above 40, and also between
those below and above 50 (Fig. 2, bottom). The pres-
ence of these 2 inflexion points of SI is compatible with
a difference in G-well with or without complication, of
which mean SI is 52.5 and 41.9, respectively (Fig. 3,
right columns). Mean SI is significantly higher in G-ill
than G-well (Fig. 3, left columns). Restricting to G-ill,
however, average SI is not different between the cases
with or without complications (Fig. 3, columns in the
mid). On the other hand in G-well, mean SI is signifi-
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cantly higher in those with complications than without
(Fig. 3, right columns). From these data, we can con-
clude that physicians treating patients with SAH at
acute stage should pay much attention to possible car-
diopulmonary complications in those who show high
SI above 50 though their neurological condition can
be assessed in G-well as well as in G-ill. Actually, a
precise analysis restricted to the patients who belong
to grade 1 or 2 revealed that mortality of 157 patients
with SI over 40 was 10.8% and that of 64 patients with
SI over 50 was 14.1%, and those figures were signifi-
cantly worse (P < 0.05 and P < 0.01, respectively)
than mortality of 5.0% in 278 patients of grade 1 or 2
with SI lower than 40.

Conclusion

Sympathetic hyperactivity at acute stage of SAH
can be grossly estimated with SI, which is easily com-
puted from serum BS and K*. SI over 40 may well
be used as an index showing the borderline between
patients suffering considerable neurological insults as
well as systemic ones and those not. Regarding pa-
tients in G-well, SI over 50 suggests that there may be
a formidable risk for systemic complications even in
cases with good neurological condition.
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Summary

Symptomatic cerebral vasospasm (CVS) with delayed ischemic
neurologic deficits affects about one third of the patients after aneur-
ysmal subarachnoid hemorrhage (SAH). In spite of the lack of defi-
nite evidence of large clinical trials, the devastating outcome of the
natural history of symptomatic CVS demands an aggressive CVS
treatment in a practically oriented, structured multimodal treatment
regimen. With our treatment protocol good functional outcome
could be reached in 66% of the patients with symptomatic CVS.
This policy requires close and fast multidisciplinary collaboration
between neurosurgeons, neuroradiologists, competent in endovascu-
lar interventions, and specialists for neurointensive care. We report
on our experience with 79 cases with symptomatic CVS and delayed
ischemic neurologic deficit (DIND) after aneurysmal SAH. The dif-
ferent treatment options with CVS are reviewed and practical guide-
lines for a step by step treatment are given.

Keywords: Cerebral vasospasm; triple h therapy; ischemia; spas-
molysis; hypothermia; barbiturate coma.

Introduction

With early aneurysm clipping delayed ischemic
neurologic deficit (DIND) due to cerebral vasospasm
(CVS) became the most common cause of death and
disability due to aneurysmal subarachnoid hemor-
rhage (SAH) [30]. Symptomatic CVS with DIND
affects about one third of the patients and, without
specific treatment, the outcome of DIND is devastat-
ing, causing death (30%) and permanent disability
(34%) [14, 16].

We report on our experience with 79 cases with
symptomatic CVS after aneurysmal SAH. The differ-
ent treatment options with CVS are reviewed and
practical guidelines for a structured step by step multi-
modal treatment protocol are given.

Materials and methods

Patient population

The study was approved as a part of the project E-015/99 by the
Ethics Committee of the University of Zurich. Between January

1999 and December 2003 198 patients with SAH were admitted
within three days after symptoms onset into the Department of
Neurosurgery, University Hospital Zurich and were treated with
aneurysm clipping. In 1999 a standardized protocol for detec-
tion and treatment of CVS was established. Patients data, imag-
ing studies and characteristics of treatment were prospectively
analyzed. Neurological outcome was assessed after 3 and 12
months in the outpatient clinic by an independent neurologist using
the Glasgow Outcome Scale (GOS) [24]. Those patients who did not
show up at control were contacted and asked about their functional
status.

Structured treatment

Aneurysm clipping was performed with the standard microsur-
gical technique described by Yasargil [64]. Only patients having
undergone aneurysm clipping within three days after SAH were
included. All patients were treated with nimodipine for 21 days.
Patients were kept flat in bed as long as cerebral autoregulation, ex-
amined with transcranial Doppler (TCD), was defect. Before the
patients developed signs of CVS daily fluid balance was aimed to be
positive, adjusting fluid intake by intravenous infusion of crystalloids
and hydroxylethyl-starch solution (HES) 1000 ml per day. No pro-
phylactic triple h (hypertensive hypervolemic hemodilution) therapy
was initiated. Dexamethasone was given perioperative. Prophylactic
antiepileptic treatment with phenytoine or valproate was initiated in
SAH patients with Hunt and Hess grade 3 and higher. In patients
with SAH Hunt and Hess grade 1 to 3, sedation was stopped imme-
diately after surgery. In patients with severe SAH Hunt and Hess
grade 4 to 5, a ventricular catheter (NMT Neuroscience, Frankfurt,
Germany or Raumedic, Rehau, Germany) was inserted to provide
continuous intracranial pressure (ICP) monitoring and drainage of
cerebrospinal fluid (CSF) if necessary. If a ventricular catheter could
not be placed within the ventricular system because of massive brain
edema, a subdural (NMT Neuroscience, Frankfurt, Germany) or an
intraparenchymatous (Raumedic, Rehau, Germany) ICP probe was
inserted. With elevated ICP (>15 mmHg) treatment with intermit-
tent CSF drainage, osmotherapy (Mannitol 20% and hypertonic
NaCl-hydroxyethyl-starch solution), mild hyperventilation (target
PaCO, values adapted to jugular bulb oximetry) and tris-hydroxy-
methyl-aminomethane (THAM) buffer was initiated. Patients with
persistant ICP-values > 15 mmHg were eligible for treatment with
barbiturate coma combined with mild hypothermia. Medical ther-
apy, barbiturate coma and hypothermia treatment were performed
according to a standardized algorithm for treatment of elevated
ICP [31].
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Detection of cerebral vasospasm

TCD blood flow measurements were performed daily. “Symptom-
atic CVS” was defined in the absence of sedation and poor neurolog-
ical grade by the occurrence of DIND (decrease in consciousness,
new focal neurological deficits). Before “symptomatic CVS” was
suspected, hypoxia, electrolyte imbalance and hydrocephalus were
excluded by a further CT scan. CVS in all patients were confirmed
by digital subtraction angiography. If the neurological state could
not be properly assessed (e.g. sedation or poor neurological grade),
patients were additionally monitored with jugular bulb oxymetry,
lactate measurements from the jugular bulb [20], daily cerebral blood
flow (CBF) measurements [33] and/or perfusion CT examinations. If
jugular bulb O;-desaturation occurred, arteriovenous differences of
lactate (avDL) were — 0.2 umol/dl or less, CBF-values decreased by
more than 20% and/or differences in territorial or hemispheric transit
times occurred in perfusion CT, “symptomatic CVS” was suspected
and digital subtraction angiography was performed. All patients
with new ischemic infarctions — in comparison with the postoperative
CT examination — were classified likewise to have “symptomatic
CVS”.

Treatment of cerebral vasospasm

If signs of CVS occurred, patients were treated according to a
multimodal structured treatment protocol (Table 1).

Hypertensive hypervolemic hemodilution (triple h) therapy was
induced if TCD mean blood flow velocities increased (mean middle
cerebral artery (MCA) blood flow velocities > 140 cm/sec or in-
crease up to >50 cm/sec within 24 hours) and/or the patient de-
veloped symptomatic CVS. Contraindications to initiate triple h
therapy were heart failure, valvular heart disease, symptomatic
coronary heart disease, cardiac arrhythmias and aortic aneurysms.
Triple h therapy was guided with a new system to monitor systemic
hemodynamics [36]. A 13 cm long 4-F arterial thermistor catheter
(PV-2015L13, Pulsion Medical Systems, Munich) was inserted into
the femoral artery and connected to the pulse contour analysis com-
puter (PICCO Pulsion Medical Systems, Munich). Thermodilution
measurements with calibration of cardiac index (CI) and determina-
tion of global enddiastolic volume index (GEDVI), intrathoracic
blood volume index (ITBVI) and extravascular lung water index
(EVLWI) were performed every six hours. In addition to the con-
ventional parameters (mean arterial pressure (MAP) > 105 mmHg,
central venous pressure (CVP) 8-12 mmHg and hematocrit 28—
32%) triple h therapy was adapted to the following target values:
CI > 41/min/m?, ITBVI 900-1000 ml/m? and EVLWI < 10 ml/kg.
Triple h therapy was induced by administration of crystalloid and
colloid infusions. Dobutamine and norepinephrine were adjusted
to maximize cardiac function. Excessive natriuresis and diuresis (os-
molarity in urine > osmolarity in serum, sodium in serum < 140
mmol/l) was inhibited with fludrocortisone 0.2 mg/day, excessive
water diuresis (osmolarity in urine < osmolarity in serum, sodium
in serum > 140 mmol/l) with desmopressine 1-4 x 2 ug i.v. per
day.

Endovascular treatment: If patients with DIND did not improve or
worsened despite triple h therapy digital subtraction angiography
and endovascular treatment with percutaneous balloon angioplasty
and/or superselective papaverine infusion (totale dose of 300 mg)
into the vasospastic vessels were performed [17, 25]. Contraindica-
tions for endovascular treatment were the presence of incompletely
clipped aneurysms, ischemic infarctions or space-occupying brain
edema in CT.

Barbiturate coma, hypothermia: Symptomatic CVS, resistant to
the above treatment or reoccurring after two to three spasmolysis
sessions were treated with barbiturate coma and/or hypothermia, if
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ever possible, as a combined treatment. Barbiturate coma with
thiopental (loading dose of 10 mg/kgBW, followed by continuous
infusion) was induced at the same time as induction of hypothermia
and was adapted to a burst suppression pattern in continuous EEG-
monitoring. Cooling of the patients (target brain temperature 33 °C)
was accomplished by using cooling blankets (Bair Hugger, Augus-
tine Medical, Saint Prarie; MN, USA and Blanketrol, CSZ, Cincin-
natti; OH, USA) or endovascular cooling catheters (Cool Line
Catheter and Coolgard System; Alsius Corporation, Irvine, CA,
USA) [31]. Patients were excluded if they initially suffered from con-
gestive heart failure, neurogenic pulmonary edema, severe aspiration
pneumonia, other infections or Raynaud’s phenomenon. Hypother-
mia only was performed if specific contraindications for thiopental
were present such as liver failure, hyperkaliemia or hypernatriemia.
Barbiturate coma and hypothermia were continued until signs of
CVS decreased. Barbiturate coma and hypothermia were terminated
earlier if signs of severe infection, cardiovascular instability, liver
failure (barbiturate coma), severe electrolyte disturbances (barbitu-
rate coma) or coagulation disorders (hypothermia) were observed.

Outcome measurements

Neurological outcome was assessed after three and 12 months in
the outpatient clinic by a neurologist using the Glasgow Outcome
Score (GOS) [24], GOS 1 denominating death, GOS 2 vegetative
state (unable to interact with the environment), GOS 3 severe disabil-
ity (unable to live independently but able to follow commands), GOS
4 moderate disability (capable of living independently but unable
to return to work or school) and GOS 5 mild or no disability (able
to return to work or school). Those patients who did not show up at
control were contacted and asked about their functional status.

Results

From 198 patients treated with aneurysm clipping
within three days after SAH, TCD mean blood flow
velocities increased in 105 patients (52.5%). 79 patients
developed symptomatic CVS (39.9%). Characteristics
of patients with symptomatic CVS are given in Table
2. The majority of patients with symptomatic CVS
suffered from severe SAH. 50 patients (63.3%) had
Hunt and Hess grades 3 to 5 and 69 patients (87.4%)
belonged to the Fisher grades 3 and 4. Treatment char-
acteristics are given in Table 3. 78 patients (98.7%)
were treated with triple h therapy. In one patient with
symptomatic CVS triple h therapy was not initiated
because of heart failure. In 45 (57.7%) of the 78 pa-
tients triple h therapy had a sustained positive effect
and symptoms of CVS decreased, making further ther-
apy steps such as spasmolysis, barbiturate coma and
hypothermia unnecessary. 33 patients (41.8%), despite
of therapeutic triple h therapy, did not improve or
worsened. These patients were subjected to digital sub-
traction angiography and percutaneous angioplasty
and/or superselective papaverine infusion. Due to re-
occurrence of CVS five patients were treated twice
and two patients three times with spasmolysis. 13
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Table 1. Structured treatment protocol Department of Neurosurgery, University Hospital Zurich

Prophylactic treatment with high risk for CVS:

i.v. or s.c. with diabetes insipidus

« Early exclusion of bleeding source (aneurysm clipping/coiling)
« Positive fluid balance (cristalloids 4+ 500 ml-
* Fludrocortisone 1 x 0.2 mg p.os with cerebral salt wasting, desmopressine 1-4 x 2 ug

* Nimodipine 6 x 30—-60 mg p.os or 1-2 mg/hour cont. i.v.

1000 ml HES-solution i.v. per day)

v

v

TCD blood flow velocities 1:
(Vmeanmca > 140 cm/sec or increase >50
cm/sec per day)

Symptoms/signs of CVS:

(Exclude hypoxia, electrolyte imbalance,
hydrocephalus)

* DIND

+ Juglar bulb O,-desaturation, avDL < —0.2
umol/dl

* CBF | > 20% compared to base line value

* Perfusion deficit in contrast-enhanced CT

* Ischemic infarctions in CT

y

¥

Triple h therapy:

disease, cardiac arrythmias, aortic aneurysms

* Contraindications: Heart failure, valvular —, symptomatic coronary heart

* Target values: MAP > 105 mmHg, CVP 8-12 mmHg, Hk 30%,
CI > 4 I/min/m?, ITBVI 900-1000 ml/m?, EVLWI < 10 ml/kg

v v

!

No symptoms/signs of CVS
except increased TCD blood
flow velocities:

* Continue triple h therapy until
TCD blood flow velocities
normalize or until day 10-14

improve/get worse:
* Stop triple h therapy

Symptoms/signs of CVS do not

Symptoms/signs of CVS
improve:

* Continue triple h therapy
until TCD blood flow
velocities normalize or
until day 10-14

!

Angiography:
* Confirmation of CVS

!

i.a. Papaverine):
* Contraindications: Incompletely

brain edema, ischemic infarctions

Endovascular treatment (Balloon angioplasty,

clipped/coiled aneurysm, space-occupying

Symptoms/signs of
CVS improve:
 Continue triple h
therapy if it was

initially beneficial

—>

y ¢

!

Contraindications for

endovascular treatment endovascular treatment sessions

Reoccurrance of CVS after repetitive

No response to endovascular
treatment

v v

!

Hypothermia and/or barbiturate coma:

* Contraindications: Heart failure, neurogenic pulmonary edema, severe pneumonia, infections (hypothermia:
coagulation disorders, Raynaud’s phenomenon; barbiturate coma: liver failure, hypernatriemia, hyperkaliemia
* Duration: Until signs of CVS improve or early discontinuation in case of severe side effects

CVS Cerebral vasospasm; TCD transcranial Doppler; V,eanmca mean blood flow velocity in the middle cerebral artery; 4vDL arteriovenous
difference of lactate; DIND delayed ischemic neurologic deficit; CBF cerebral blood flow; M AP mean arterial pressure; CVP central venous
pressure; Hk hematocrit; CI cardiac index; ITBVI intrathoracic blood volume index; EVLWI extravascular lung water index.

patients had contraindications for endovascular treat-
ment (eight patients with space-occupying brain
edema and five with ischemic infarctions in CT scans)
and 13 patients suffered from resistant or reoccurring

CVS to repetitive spasmolysis. These patients were
treated with barbiturate coma and/or hypothermia,
23 with combined treatment and three patients with
hypothermia only. From these patients with refractory
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Table 2. Patient characteristics

E. Keller et al.

Table 4. Patient outcome

Number of patients
with symptomatic
CVS (n = 79; 100%)

Number of patients
with symptomatic
CVS (n = 79; 100%)

Age; mean (SD) 50.9 (11.9)
Gender

— Male 17 (21.5%)
— Female 62 (78.5%)
GCS before surgery, mean (SD) 10.0 (4.6)
Grading

— H & H grade 5 10 (12.7%)
— H & H grade 4 25 (31.6%)
— H & H grade 3 15 (19.0%)
— H & H grade 2 27 (34.2%)
— H & H grade 1 2 (2.5%)
— Fisher grade 4 42 (53.2%)
— Fisher grade 3 27 (34.2%)
— Fisher grade 2 8(10.1%)
— Fisher grade 1 2 (2.5%)

n Number; GCS Glasgow Coma Scale; H & H Hunt and Hess grade.

Table 3. Treatment characteristics

Number of patients
with symptomatic
CVS (n = 79; 100%)

Triple h therapy 78 (98.7%)
Spasmolysis 33 (41.8%)
— Once 26 (32.9%)
— Twice 5(6.3%)
— Three times 2 (2.6%)
Hypothermia combined 23 (29.1%)
with barbiturate coma
Hypothermia only 3(3.8%)

n Number; Triple h hypertensive hypervolemic hemodilution.

CVS 13 patients (50%) survived with good functional
outcome (GOS 4 and 5), 6 patients (23.1%) survived
severely disabled and 7 patients (26.9%) died.

Of the total of 198 patients having suffered from
aneurysmal SAH, six patients (3%) died from CVS
and 16 patients (8.1%) suffered from permanent
additional deficits from CVS (Table 4). 13 patients
survived severely disabled or in a vegetative state
(GOS 3 and 2 in 6.5%). In patients with symptomatic
CVS good functional outcome (GOS 4 and 5) could be
achieved in 52 of 79 patients (65.8%). 13 of the patients
(16.5%) survived severely disabled and 14 (17.7%)
died, six due to multiple infarctions, due to rebleeding
and seven due to severe infections with acute respira-
tory distress syndrome or sepsis.

Died of CVS 6 (7.6%)

Permanent additional deficits 16 (20.3%)
because of CVS

GOS

-5 36 (45.6%)

-4 16 (20.2%)

-3 13 (16.5%)

-2 0 (0%)

-1 14 (17.7%)

n Number; cvs cerebral vasospasm; GOS Glasgow Outcome Scale.

Discussion

In the cooperative aneurysm study 7.2% of the
patients died from CVS and 6.3% survived with severe
disability from CVS [30]. It is difficult to compare
reports of management results because of different pa-
tient populations regarding the prognostic factors for
poor outcome, in addition to variations in timing and
methods for quantification of outcome. In our series,
applying a step by step multimodal treatment protocol
in 198 patients with aneurysmal SAH, 3% died from
CVS and 6.5% survived severely disabled or in a vege-
tative state from CVS. From 79 patients with symp-
tomatic CVS, good functional outcome could be ob-
tained in 66% of the cases.

Recommendations for a structured treatment protocol

Prediction of CVS

In clinical practice not only treatment, but the accu-
racy of prediction and detection of symptomatic CVS,
most difficult in patients under sedation and with poor
neurological grade, is a very most important aspect in-
fluencing the outcome of patients after SAH. Recently,
Claassen et al. revised the Fisher scale according to the
risk to develop CVS [12]. The highest risk of develop-
ing DIND occurs in patients with thick basal cistern
blood and the presence of blood in the lateral ven-
tricles. After SAH, the complex changes of cerebral
hemodynamics and oxygenation pattern with the
development of DIND are underestimated if TCD-
monitoring and angiography are considered singularly
[1]. The role of TCD in predicting symptomatic CVS is
limited to the cases where very high mean blood flow
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velocities are detected [61]. Moreover, to control the
treatment of CVS, TCD values are influenced by
triple h therapy [40]. Discrepancies between radio-
graphic findings and DIND may depend on the rela-
tionship between local cerebral oxygen-requirement
and -delivery, which only can be determined if CBF
and cerebral oxygen extraction can be estimated. Jug-
ular bulb oximetry reflects the balance between CBF
and the cerebral metabolic rate of oxygen (CMRO,).
It represents, nevertheless, only global cerebral perfu-
sion. The sensitivity of SjvO, to detect smaller ische-
mic areas secondary to CVS of single vessels is limited
[33]. In cases of distal arterial narrowing, new tech-
niques applying near infrared spectroscopy (NIRS)
with a indocyanine green (ICG) dye dilution mode
measuring regional values of local cortical perfusion
may be more sensitive, especially in detecting micro-
vascular or ‘“distal”’ vasospasm [32, 35]. Daily TCD
blood flow velocities-checks during the highest vaso-
spasm risk period (between 4 and 10 days postbleed),
however, may warn of spasm development [1, 38] and
allow more aggressive prophylactic treatment of
threatening CVS with triple h therapy. Cerebral an-
giography with direct visualization of proximal CVS
and prolonged transit time of the contrast flow remains
the golden standard procedure to diagnose CVS.
Angiography should be routinely performed after
aneurysm clipping within 14 days after ictus and in
case of occurrence of symptomatic CVS at an earlier
date. Shortcomings of angiography include the lack in
detecting micovascular vasospasm and the risks of the
procedure including catheter-induced vasospasm or
vessel dissection. Advantages lie in the potential for
endovascular intervention.

Pharmacologic approaches

Nimodipine, a specific blocker of the L-type
voltage-gated calcium channels, has been tested in
several controlled trials [2, 46]. But not the originally
anticipated direct effects on vascular smooth muscle
cells, but the neuroprotective effects may be of some
clinical benefit in patients who never experience vaso-
spasm, macroscopically visible in angiography [42].
Barker and Ogilvie showed in a later metanalysis im-
provements in good and fair outcomes, as well as re-
ductions of death rate and CT detected infarcts with
nimodipine [6]. The modified steroid free radical scav-
enger tirilazad mesylate, inhibiting iron-dependendent
lipid perxidation and scavering free radicals, has been
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investigated in four large controlled trials [28]. After
first promising results later metanalysis showed only
post hoc positive effects in patients with poor grades
[15]. Many other medical treatment options are under
investigation and can not be discussed in detail within
this limited context. First pilot studies with high dose
magnesium sulphate, with its vascular protection
properties, showed promising results [10, 60]. After
randomization of 60 patients in a controlled clinical
study our own results showed that with magnesium
sulfate infusion (dosage of 16 mmol in 15 mins. i.v.,
thereafter 64 mmol/24 h continuously i.v., adapted to
a target magnesium level in serum of 2x baseline value
for 14 days) had to be interrupted because of severe
hypotension in 40% of the patients (unpublished
data). The complex regulatory mechanisms of vascular
smooth vessel tone after SAH are under extensive
research and may lead to further promising treatment
options like nitric oxide donors or selective endothelin-
1 antagonists [14, 49, 65].

Triple h therapy

Benefits of triple h therapy have never been unequiv-
ocally demonstrated by randomized controlled trials
[52]. In early studies patients with volume expansion
showed less DIND and better outcome compared to
control patients who were kept dehydrated [51], where-
as in more recent studies no effect of hypervolemia on
either CBF or DIND was found if control patients
already receiving over 3000 ml fluids per day [37].
Dorsch therefore concludes that adequate fluid load-
ing might be the most important aspect of early treat-
ment and CVS prophylaxis and that it is reasonable to
reserve the more vigorous loading and induced hyper-
tension for when DIND occurs [14]. Therefore, as a
prophylactic treatment in patients with high risk for
CVS, fluid balance has to be carefully observed and
kept positive within 1000—-1500 ml per day and hema-
tocrit is aimed to be 30%, providing the optimal level
of reduced blood viscosity and improving CBF while
still maintaining adequate serum oxygen carrying
capacity [23]. The usefulness of triple h therapy, how-
ever, reversing secondary neurological deficits in 59%
of our patients, is obvious in our daily clinical practice.
Therefore, according to our treatment protocol, if
TCD blood flow velocities increase and/or the patients
develop symptoms of CVS triple h therapy is aggres-
sively initiated. If triple h therapy fails to improve
DIND or if the patients worsen during triple h ther-
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apy, other treatment options have to be applied and,
avoiding harmful side effects, triple h therapy can be
reset. In order to guide triple h therapy and achieve as
high efficiency as possible and to avoid volume over-
load with consecutive pulmonary edema as the most
severe complication [5, 29, 57] extended monitoring of
systemic hemodynamics is needed. Target values have
to be defined, aimed at consequently and documented
for quality control. Monitoring of mean arterial pres-
sure (MAP), central venous pressure (CVP) and pul-
monary artery occlusive wedge pressure (PAOP) are
conventionally used to control triple h therapy [29],
although their limitations to estimate intravascular
volume state are well recognized [50]. Moreover, pul-
monary artery catheterization as an invasive method
is controversially discussed in the literature [13]. Re-
cently an alternative method based on transpulmonary
double-indicator dilution for assessment of intravascu-
lar volume has been established [22]. Global enddias-
tolic volume (GEDYV) and intrathoracic blood volume
(ITBV) have been reported to reflect the intravascular
volume status more adequately than CVP or PAOP.
Further, extravascular lung water (EVLW) is a reli-
able predictor for early pulmonary edema [22]. Own
experiences showed that the new monitoring system
might be the optimal instrument to guide triple h ther-
apy [36]. Excessive natriuresis and diueresis may occur
in the context of “cerebral salt wasting” most often in
patients with ruptured aneurysms of the anterior com-
municating artery [63] and may be aggravated by fluid
and volume load with triple h therapy. Polyuria may
anticipate effective intravascular volume expansion.
Mori et al. showed that the inhibition of natriuresis
with fludrocortisone reduces the sodium and water in-
take required for hypervolemia and prevents hypona-
triema. Therefore, with a high osmolarity in urine and
a normal to low sodium in serum, fludrocortisone
0.2 mg/day may be supplemented with triple h ther-
apy. In our institution, on the other hand, excessive
water diuresis (low osmolarity in urine, high sodium
in serum), similar to a constellation of diabetes insipi-
dus, is treated with desmopressine 1-4 x 2 ug i.v. per
day to avoid hypernatriemia [43].

Endovascular treatment

Indications, technology and side effects of endovas-
cular treatment are described in detail in the subse-
quent article. For the neurointensivist the following
aspects are to be emphasized. Balloon angioplasty
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and papaverine spasmolysis are performed in general
anaesthesia. Symptomatic CVS leads to reduced O,
delivery in the affected vascular territories with acute
ischemia. General anaesthesia, reducing metabolic re-
quirements of the brain, may counteract this O, imbal-
ance until blood flow in vasospastic vessels is restored
by a successful endovascular intervention. Respiratory
arrest with vertebral artery injections and seizures
are described during spasmolysis. Furthermore, in a
patient with CVS, most often being confused and
agitated, anaesthesia ensures that the patient does not
move during the intervention. As a side effect of papa-
verine, with its vasodilatatory capacity, systemic hypo-
tension may occur, which has to be treated aggres-
sively with volume expansion, dobutamine and
norepinephrine. According to our experience, mainte-
nance of induced hypertension, high cardiac output
and hypervolemia during and after the procedure are
most important issues, in order to increase the effi-
ciency of the endovascular intervention and to reduce
the reoccurrence rate of CVS. Development of ele-
vated ICP is described after papaverine instillation in
patients with bilateral diffuse vasospasm [3]. Therefore
brain edema and elevated ICP are considered as
contraindications for papaverine treatment and ICP
monitoring is recommended in patients at risk.

Other vasodilators for intra-arterial and systemic
treatment are under examination. Arakawa et al.
published a small case series treated with the cardiac
inotrope milrinone, a phosphodiesterase inhibitor like
papaverine [4]. Its use is limited by the side effect of
severe systemic hypotension. In our clinical practice,
we apply low dosages of milrinone through continuous
intravenous infusion to augment hyperdynamic ther-
apy by enhancing cardiac performance if cardiac out-
put is diminished because of high systemic vascular
arterial resistance in combination with catechol-
amines. Fasudil hydrochloride, a enzyme protein
kinase C inhibitor, intraarterialy infused, has been
shown to reduce symptomatic CVS [55]. Its use, at
present, is limited to Japan.

Barbiturate coma, hypothermia

Animal and clinical studies have shown that hypo-
thermia has the potential to limit the extent of second-
ary brain damage [7, 11, 39, 47]. Several positive effects
relevant in SAH have been demonstrated, e.g. temper-
ature dependent reduction of cerebral oxygen metabo-
lism [20, 34], stabilization of the blood-brain barrier
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[56], decreased release of neurotransmitters [26], atten-
uation of free radical production, and decreased posti-
schemic edema formation [47].

Numerous neuroprotective mechanisms, partly sim-
ilar to hypothermia, could be shown for barbiturates
[9, 62]. The application of thiopental boli with tempo-
rary clipping is wide spread in neuroanesthesia [53]. In
1980 Kassell applied barbiturate coma in 12 patients
with refractory CVS [27]. With limited resources in in-
tensive care the results were disappointing. 11 patients
died from uncontrollable intracranial hypertension,
cardiac arrythmias or infections. In three patients,
treated with combined barbiturate coma and hypo-
thermia severe acid base and electrolyte disturbances
occurred. With improved supportive intensive care,
Finfer et al. in 1999 published the results of 11 patients
with angioplasty resistant CVS treated with barbitu-
rate coma, 10 of them surviving with good functional
outcome [18]. Hypothermia has been applied with
temporary clipping during aneurysm surgery [21] and
in patients after severe SAH, brain edema and elevated
ICP [19, 44]. Only a small case series treated with
hypothermia (32°C-34°C) because of refractory
CVS is described by Nagao [45]. Among eight patients
five survived with good functional outcome and two
patients survived moderately disabled.

In the present series 26 patients were treated with
barbiturate coma and/or hypothermia. 13 patients
had contraindications for endovascular treatment
(space-occupying brain edema or ischemic infarctions)
and 13 patients suffered from resistant or reoccurring
CVS after repetitive spasmolysis. From these 23 pa-
tients, with most resistant CVS, 50% survived with a
good functional outcome.

However, one has to be aware of the potentially
hazardous side effects of hypothermia and barbiturate
coma. From 21 patients with high grade SAH and re-
fractory intracranial hypertension, treated with long
term hypothermia/barbiturate coma up to 16 days, all
patients developed severe infections [19]. It is known
from animal and clinical studies, that hypothermia, as
well as barbiturates, predispose to bacterial infections
[8, 58]. Biggar et al. showed in pigs, that hypothermia
impairs neutrophil circulation and their release from
the bone marrow. Hypothermia may also cause bone
marrow suppression and platelet sequestration in the
spleen [41, 48, 54]. In addition, it has been shown in
trauma patients, that leukocytes and neutrophils are
reversibly and significantly decreased in thiopental
coma [8]. Furthermore, patients treated with long
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term hypothermia develop thrombocytopenia, defects
in the platelet’s ability to produce thromboxane B2
with possible bleeding complications [59]. Platelets
have to transfused early and amply. Because of acid
base and electrolyte disturbances (hypernatriemia and
hyperkaliemia) as well as negative cardiac inotropic
effects barbiturate coma have to be discontinued often.
In fact, without hypothermia/barbiturate coma pa-
tients with refractory CVS might exhibit poor outcome
and death. In this context, the application of aggres-
sive treatment regimen with severe side effects and
elaborate intensive care treatment are justifiable.

Conclusions

With a structured step by step treatment protocol
for symptomatic CVS good functional outcome can
be reached in 66% of the patients. Dorsch in a recent
review concluded that with CVS as a multifactorial
problem, it is likely that detection, prevention and
treatment will continue to require application along
several different lines [14]. In spite of the lack of defi-
nite evidence of large clinical trials, the devastating
outcome of natural history of symptomatic CVS de-
mands an aggressive CVS treatment in a structured,
practically oriented multimodal treatment protocol.
This policy requires close and fast multidisciplinary
collaboration between neurosurgeons, neuroradiolo-
gists, competent in endovascular interventions, and
specialists for neurointensive care.
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Summary

The treatment and natural course of unruptured cerebral aneur-
ysms were analyzed in 615 patients with 712 unruptured cerebral
aneurysms registered from seven Japanese national hospitals and
Zurich University hospital. For 209 aneurysms in 181 cases, the nat-
ural course of the aneurysms was observed without surgical treat-
ment. During the follow-up period of 3,862 months (321.8 years),
11 of these aneurysms ruptured giving a rupture rate of 3.42%/year.
Five of these 11 aneurysms were less than 10 mm in diameter. Seven-
teen aneurysms of these 209 untreated aneurysms had blebs. Seven of
these 17 aneurysms ruptured yielding the high rupture rate of 28.3%/
year. The likelihood of unruptured cerebral aneurysms to rupture
was not exceedingly low even when the aneurysms were smaller
than 10 mm. Since the risk of rupture and morbidity in relation to
surgical treatment cannot be predicted by size alone, the morphol-
ogy, especially the presence of blebs, should be considered when
treating unruptured cerebral aneurysms. In 434 patients, 503 cere-
bral aneurysms were treated surgically either by craniotomy in 472
aneurysms or endovascular coil embolization in 31 aneurysms. Sur-
gical outcome was influenced by the presence of concurrent diseases,
patient age, size and location of the aneurysms. Complications after
surgical treatment of 128 incidentally found aneurysms were re-
ported in four cases; three cases of hemiparesis and one case showing
disturbance of higher brain function, with a morbidity rate of 3.1%.
These results suggest that surgical treatment may be acceptable in
cases of incidentally found cerebral aneurysms, especially when blebs
are present.

Keywords: Unruptured cerebral aneurysm; multi-center study.

Introduction

Recently, we have more frequently encountered pa-
tients with asymptomatic unruptured cerebral aneur-
ysms. Since subarachnoid hemorrhage (SAH) due to
rupture of cerebral aneurysms is a serious disorder

with high mortality and morbidity despite recent prog-
ress in SAH management, it may be reasonable to pre-
vent potentially disastrous SAH by treating cerebral
aneurysms before they rupture. A general consensus
for the management of unruptured aneurysms, how-
ever, has not yet been established, since there are no
prospective randomized trials of interventional treat-
ment versus conservative management. Regarding the
natural course of unruptured cerebral aneurysms Ju-
vela et al. [3] reported that rupture rate was 10% within
10 years after diagnosis, 26% after 20 years and 32%
after 30 years. Yasui et al. reported that the overall
rupture rate was 2.3%/year and that the size of these
aneurysms was less than 9 mm in 11 of 22 cases devel-
oping SAH. In five cases, aneurysms were smaller than
5 mm [5, 6]. In 1998, the International Study of Un-
ruptured Intracranial Aneurysms (ISUIA) reported
that the rupture rate of cerebral aneurysms smaller
than 10 mm was unexpectedly low at 0.05%/year [2].
Although there were criticisms that a rather large num-
ber of patients with unruptured aneurysms were ex-
cluded from the study after surgeons indicated a high
likelihood of rupture, and only the remaining patients
were followed to analyze the natural history [1], this re-
port had a rather large impact on the general public.
Treatment indications for unruptured cerebral ancur-
ysms have been markedly influenced by the report. In
1999, a multi-center study for the treatment of unrup-
tured cerebral aneurysms was organized to re-evaluate
treatment by accumulating basic data on the natural
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course of unruptured cerebral aneurysms and the sur-
gical outcome after treatment. This multi-center study
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from the Japanese Ministry of Health, Labor and Wel-
fare. This paper reports the results of the study.

Materials and methods

Between 1999 and 2001, a total of 615 patients with 712 unrup-
tured cerebral aneurysms were registered in seven Japanese national
hospitals and Zurich University hospital in Switzerland. For 209
aneurysms in 181 cases, the natural course of the aneurysms was ob-
served without surgical treatment. Other cerebral aneurysms were
treated surgically either by craniotomy in 472 cases or by endovascu-
lar coil embolization in 31 cases. Age distribution of all registered pa-
tients, surgically treated and untreated patients are shown in Fig. la—
¢, respectively. Patients aged 60—69 years comprised the peak in each
group, although younger patients tended to receive surgical treat-
ment while the older group remained untreated. Size of the cerebral
aneurysms is shown in Fig. 2a (surgically treated group) and 2b (un-
treated group). Aneurysms were larger in treated patients.

The locations of cerebral aneurysms are shown in Fig. 3a (surgi-
cally treated group) and 3b (untreated group); Patients with unrup-
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tured cerebral aneurysms were also categorized into four groups by
clinical manifestations (Fig. 4a and b): group I; unruptured cerebral
aneurysms accompanied by ruptured aneurysm (38 untreated and 93
treated cases), group II; unruptured cerebral aneurysms with other
intracranial lesions (50 untreated and 115 treated cases), group III;
symptomatic unruptured cerebral aneurysms (19 untreated and 98
treated cases), group IV; incidentally found unruptured cerebral

aneurysms (74 untreated and 128 treated cases). In our study, a total
of 202 patients were registered as incidental aneurysms in group IV.
Aneurysmal size was as follows: 2 to 5 mm in 72 cases, 6 to 9 mm in
74 cases, 10 to 14 mm in 32 cases, 15 to 24 mm in 16 cases, larger
than 25 mm in six cases and unknown in 2 cases. The percentage
of incidentally detected aneurysms measuring less than 10 mm was
72.3% (146 cases). In one of 202 cases, aneurysmal size increased
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over 48 months and clipping of the aneurysm was performed. Of 202
incidental cases, 128 cases were treated surgically and 74 cases were
not treated.

Results

Natural course

For 209 aneurysms in 181 cases, the natural course
of aneurysms was observed without treatment. Dur-
ing an overall follow-up period totaling 3,862 months
(321.8 years), 11 of these aneurysms ruptured, giving
a rupture rate of 3.42%/year. Although larger aneur-

T. Tsukahara et al.

ysms tend to show a higher rupture rate with sub-
sequent SAH, five of these 11 aneurysms were smaller
than 10 mm and two were even smaller than 5 mm
(Fig. 5). Risk of rupture was not determined by size
alone. Their shape had much more influence on the
rupture rate. Aneurysms with blebs caused SAH with
a much higher rupture rate. The rupture rate of
aneurysms with blebs smaller than 10 mm was 39%,
and two aneurysms with blebs even smaller than
5 mm caused SAH (Fig. 6). Eight of these 11 aneur-
ysms were found incidentally and classified in group
IV. The remaining three cases were as follows: two
were symptomatic aneurysms (headache and visual
disturbance) and one was accompanied by cerebral is-
chemic disease.

In cight of the 74 untreated cases of group IV, the
aneurysms ruptured. In four cases, the size of aneur-
ysms was larger than 10 mm, and in four cases the
size was less than 10 mm. In two patients with multiple
aneurysms measuring less than 5 mm each and with
blebs, anterior communicating aneurysms (Acom)
and IC-PC aneurysms, which were the smallest of mul-
tiple aneurysms, caused SAH. The outcome after rup-
ture was poor. Three patients died immediately after
rupture, one patient remained in a persistent vegetative
state, and two patients were mildly disabled despite
surgical treatment.

Surgical outcome

Neurological deterioration occurred after treatment
in 52 (11.0%) of 472 craniotomies and in 3 (9.6%) of 31
endovascular treatments. There was no SAH reported
after craniotomies and one case of SAH was reported
after endovascular treatment.

Treatment results were analyzed after the aneurysms
were grouped according to patient age, size and loca-
tion of the aneurysms and their clinical manifestations.

Age (Fig. 7a); Outcome of patients aged 80 or more
was worse, although the number of surgically treated
patients in that age group was small.

Size (Fig. 7b); A higher number of patients with
neurological deterioration was reported among pa-
tients with an aneurysm larger than 15 mm, although
a higher number of neurological improvements was
also observed among patients with larger aneurysm.

Location (Fig. 7c); A higher number of patients
with neurological deterioration was reported among
patients with aneurysms involving the basilar bifurca-
tion compared to those with aneurysms at other sites.
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Clinical manifestation (Fig. 7d); In groups I and II,
the preoperative medical condition of patients and
accompanying diseases significantly influenced patient
outcome. In group III, cranial nerve palsies caused by

15~24mm 25mm-~

aneurysms smaller than 10 mm were improved post-
operatively in nine cases. However, neurological defi-
cits caused by aneurysms larger than 25 mm more fre-
quently worsened after surgery.

Outcome after surgery in group IV is shown in figure
6. The outcome was evaluated by Glasgow outcome
scale (GOS) 124 of 128 patients showed good recovery
with a mortality of 0% and morbidity of 3.1% (Fig. 8).
Two patients were severely disabled by cerebral infarc-
tion after surgery on a 2—5 mm MCA aneurysm and
15-24 mm ICA aneurysm, respectively, two patients
were also mildly disabled by cerebral infarction after
surgery on 10-14 mm and 15-24 mm ICA aneurysms,
respectively. The other 11 patients, although they are
estimated to have good recovery by GOS, subjectively
experienced neurological worsening. Five patients had
visual field defect after surgery for IC-ophthalmic
aneurysms. Two patients had oculomotor nerve palsy
after surgery on IC-PC aneurysms. Two patients with
intracerebral hemorrhage of the frontal base, and one
with chronic subdural hematoma, experienced impair-
ment of higher brain function after surgery on Acom
aneurysms. One patient also showed impairment of
higher brain function after surgery on MCA aneur-
ysm.
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Discussion

Decision-making regarding the treatment of unrup-
tured cerebral aneurysms should be based on the natu-
ral history and risk of treatment options. At present,
however, both the natural course of unruptured cere-
bral aneurysm and outcome after treatment have not
always been clear. Cranial examination using MRI
or MR angiography has found asymptomatic cerebral

aneurysms in over 2% of total examinees [4]. These in-
cidental cerebral aneurysms, which were classified as
group IV in our study, detected on cranial imaging
differed in nature from symptomatic aneurysms or
asymptomatic unruptured aneurysms accompanied
by other cerebral lesions. Therefore, management of
these aneurysms should be considered separately. In
our study, for 209 aneurysms in 181 cases, the natural
course of the aneurysms was observed without surgical
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treatment. During the total follow-up period of 3,862
months (321.8 years), 11 of these aneurysms ruptured
giving a rupture rate of 3.42%/year. This rupture rate
is comparable to that in previous studies. Six of these
11 aneurysms were larger than 10 mm and two were

fusiform aneurysms of vertebro-basilar arteries. The
remaining two were giant aneurysms of the IC-
ophthalmic and basilar tip. These aneurysms were ob-
served via the natural course without treatment be-
cause of the high risk of surgical treatment. Prognosis
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of these aneurysms is unfortunately rather poor so that
we cannot discuss their management simultaneously
with that of other smaller aneurysms. The main con-
troversy in the management of unruptured cerebral
aneurysms involves the management of smaller aneur-
ysms. In our study, five of 144 aneurysms smaller than
10 mm ruptured and two ruptured aneurysms with
blebs were less than 5 mm. These follow-up results
suggested that the rupture rate of smaller aneurysms
is not extremely low and aneurysms with an irregular
shape such as a bleb have a considerably higher rup-
ture rate than those with a uniform shape. The higher
rupture rate of smaller aneurysms in our study com-
pared to that in ISUIA, may be explained by differ-
ences in the nature of untreated aneurysms and surgi-
cal indications. In our study, many smaller aneurysms
tended to be followed without treatment even if the
aneurysm had an irregular shape such as blebs. How-
ever, in ISUIA, many unruptured aneurysms with
irregular shape were treated surgically and thus ex-
cluded from observation. Before the ISUIA report,
many Japanese neurosurgeons treated unruptured
aneurysms with irregular shape rather positively even
when small. However, the ISUIA report was highly
influential on such surgical indication. Our study sug-
gested that we need to recommend surgical treatment
for small unruptured aneurysms with irregular shape
if the surgical risk is considered low.

Conclusions

When we estimate the outcome after surgical treat-
ment of unruptured cerebral aneurysm, we must eval-
uate not only the mortality or morbidity rate but also
the quality of life for the patient, including issues re-
lated to higher brain function such as cognitive impair-
ment, for example. Since the outcome after treatment

T. Tsukahara et al.

varied with the state of the patient before treatment,
the results of treatment should be analyzed considering
the preoperative neurological status of the patient. In
our study, neurological deterioration after treatment
of unruptured aneurysms were observed in 10.9%;
17% in group 1, 8.7% in group II, 14.3% in group III
and 11.7% in group IV. These clinical results depend
on preoperative conditions. So in group I or III, the se-
verity of the accompanying diseases, SAH in group I
and other neurological disease in group II or 11, influ-
enced the patient outcome. In group II, two patients
died within one year after treatment due to other dis-
eases unrelated to the cerebral aneurysms. Apparently
unruptured cerebral aneurysms accompanied by con-
ditions such as brain tumor or severe systemic diseases
are outside the indications for surgery.

In group IV, since patients had no accompanying
diseases, the outcome after treatment was better than
that of other patient groups. In this group, 124 of
128 patients (96.9%) showed good recovery, while
two cases were mildly disabled and two cases were se-
verely disabled when postoperative quality of life was
evaluated by the Glasgow outcome scale. However,
11.7% of patients had some neurological disorder after
surgery. In our study, five patients had visual field de-
fect after treatment of asymptomatic IC-ophthalmic
aneurysms. Since the rupture rate of these IC-
ophthalmic aneurysms may be relatively low, surgical
treatment of these aneurysms are outside of indication.
Our study also reported that some patients experi-
enced impairment of higher brain function, although
they were estimated to have good recovery on GOS.
These results suggest that we must evaluate the surgi-
cal results of these patients more precisely considering
higher brain function and neuropsychological aspects.

In conclusion, since the risk of rupture and morbid-
ity in relation to surgical treatment cannot be predicted
by size alone, we must manage unruptured cerebral
aneurysms in consideration of their morphology, loca-
tion and condition of the patient.
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Endovascular treatment of unruptured cerebral aneurysms

T. Terada, M. Tsuura, H. Matsumoto, O. Masuo, T. Tsumoto, H. Yamaga, and T. Itakura

Department of Neurological Surgery, Wakayama Medical University, Wakayama, Japan

Summary

76 consecutive patients with 78 unruptured cerebral aneurysms
underwent endovascular therapy from July 1999 to May 2004 in
our institute. For the wide-necked aneurysms, the remodeling tech-
nique, double microcatheter technique, or stent-assisted coil emboli-
zation was used, while a parent artery occlusion or covered stent was
applied for the giant or fusiform aneurysms. Immediate angiograph-
ical results demonstrated 33 complete occlusions, 26 neck remnants,
and 14 dome fillings. Four cases were treated with parent occlusion
or stenting only, and one case was not treated with embolization but
with clipping due to the rupture of the aneurysm during coil emboli-
zation. Immediate angiographic findings demonstrated that in
aneurysms between 5 to 10 mm, the rate of complete occlusion was
48%, that of neck remnants 33%, and that of dome fillings 27%. In
aneurysms between 11 to 25 mm, the rate of complete occlusion
was 14%, that of neck remnants 28%, and that of dome fillings was
58%. In the angiographic follow-up results, all aneurysms smaller
than 5 mm showed complete occlusion. In aneurysms between 5 to
10 mm, 74% of the aneurysms showed complete occlusion, and 21%
showed neck remnants, and 5% showed dome filling. In aneurysms
between 10 to 24 mm, 25% showed complete occlusion, while 75%
showed dome filling. The overall mortality rate was 0% and the
morbidity rate was 3.7% (2 major strokes, 1 minor stroke) at 30-
days after embolization. In the clinical follow-up study, one case of
a large basilar tip aneurysm caused a fatal rupture 28 months after
the initial embolization. Endovascular therapy was performed on
the unruptured aneurysms and was found to be an acceptable treat-
ment, except for durability in cases of large aneurysms.

Keywords: Embolization; detachable coil; unruptured aneurysm;
remodeling technique; stent.

Introduction

The efficacy of coil embolization for ruptured cere-
bral aneurysms has been proven by a randomized con-
trolled trial [6]. However, the efficacy of endovascular
therapy for unruptured cerebral aneurysms is still un-
known [1], although several papers reported the supe-
riority of embolization over direct surgery in a short-
term follow-up period [2, 5, 6]. Coil embolization has
shown a short-term clinical and angiographical effi-

cacy as a therapeutic alternative to the surgical treat-
ment of intracranial aneurysms [2, 5, 6]. However, the
long-term effect of coil embolization to prevent growth
or rupture of unruptured aneurysms has not been
proven. We report the results of coil embolization in
76 patients with 78 aneurysms, including clinical
outcome, morbidity-mortality rate, and long-term
follow-up data.

Materials and methods

76 patients with 78 unruptured cerebral aneurysms underwent coil
embolization at Wakayama Medical University and its branch hos-
pitals from July 1999 to May 2004. The male/female ratio was 24/52
and mean patient’s age was 59.4 years with a range of 24-79 years.

Patients were classified into three groups: 55 patients had unrup-
tured aneurysms discovered incidentally during angiography or
magnetic resonance angiography (MRA). 15 patients had unrup-
tured aneurysms associated with a ruptured one. Eight patients had
unruptured aneurysms with a mass effect, such as cranial nerve palsy
etc.

Location of the aneurysms is shown in Table 1. There were 41
aneurysms located in the anterior circulation and 37 in the posterior
circulation. The most common location of the aneurysms in our se-
ries was basilar tip (n = 22).

The aneurysms were classified into five groups by size, as follows:
less than 5 mm, 5-10 mm, 11-24 mm, >25 mm, and the fusiform

Table 1. Location of aneurysms

Anterior circulation Posterior circulation

—

— Paraclinoid
- ICPC

- MCA

— Acom

— Cav-pet

— ICtop

— IC-Ach

— IC trunk
Total

— BA tip 22
— BA trunk 7
- VA
Total 37

—_—— = NN OB oo
o0

N
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type. There were 14 aneurysms less than 5 mm, 50 that were 5—
10 mm, 7 that were 11-24 mm, 4 that were >25 m, and 3 fusiform
aneurysms.

Coil embolization was performed based on the following criteria.

Age <= 70 years
Aneurysm >= 5 mm

Coil embolization was chosen for basilar tip, basilar trunk, and para-
clinoid aneurysms.

For aneurysms in other location, coil embolization was chosen if
the shape of the aneurysm was suitable for coil embolization using a
single microcatheter and usual coils only (simple technique).

Method of embolization

The procedure was performed under general anesthesia and sys-
temic heparinization. A microcatheter was navigated into the aneur-
ysm under the road mapping mode and a detachable coil (mainly a
GDC) was delivered sequentially and deployed into the aneurysm
until tight packing was achieved. For wide-necked aneurysms, a re-
modeling technique [9] using compliant balloons such as the Com-
modore (J&J) or Hyperform (MTI), double microcatheter technique
or stent-assisted coil embolization was used. 62 aneurysms were em-
bolized using these simple techniques. 13 cases were treated using the
remodeling technique, two with the stent-assisted technique, and two
with the double microcatheter technique. For aneurysms with mass
effect, parent occlusion using coils or balloons or a covered stent was
deployed across the neck of the aneurysm.

Clinical and angiographic follow-up was performed as follows.
Angiographical follow-up was performed every 6 months until 24
months after embolization, and an MRA was performed every year
from 2 years after embolization. The angiographical data was classi-
fied into the following three categories: complete occlusion, neck
remnant, and dome filling.

Results

Immediate angiographic results demonstrated 33
complete occlusions, 26 neck remnants, and 14 dome
fillings. Four cases were treated with parent occlusion
or stenting only, and one case was not treated with em-
bolization but with clipping.

Immediate angiographic results were analyzed ac-
cording to the size of aneurysm. In aneurysms smaller
than 5 mm, the rate of complete occlusion was 36%,
that for the neck remnants 36%, and that for the
dome filling aneurysms 28%. In aneurysms between 5
to 10 mm, the rate of complete occlusion was 48%,
that for the neck remnants 33%, and that for the
dome fillings 27%. In aneurysms between 11 to
25 mm, the rate of complete occlusion was 14%, that
for the neck remnants 28%, and that for the dome fil-
lings 58%.

Angiographic follow-up results demonstrated that
all aneurysms smaller than 5 mm showed complete
occlusion. In aneurysms between 5 to 10 mm, 74% of
the aneurysms showed complete occlusion, and 21%
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showed neck remnants, and 5% showed dome filling.
In aneurysms between 10 to 24 mm, 25% showed com-
plete occlusion, while 75% showed dome filling.

As for complications during the procedure, one
aneurysm was perforated with the first GDC coil. An
immediate angiography demonstrated extravasation
of the contrast medium. Heparin was immediately re-
versed. Then, the coil that penetrated the aneurysmal
wall was deployed in extra and intraaneurysmal space.
However, the entire lumen of the aneurysm was not
packed. Therefore, the patient was moved to the oper-
ation room and surgical clipping was performed for
the partially embolized MCA aneurysm. The patient
was discharged without any new neurological deficits
after surgery. Five thrombo-embolic complications
appeared in 82 aneurysms. The overall mortality rate
was 0%, and the morbidity rate was 3.7% (2 major
strokes, 1 minor stroke ) at 30-days after embolization.

In the clinical follow-up study, one case of a large
basilar tip aneurysm caused a fatal rupture 28 months
after initial embolization. In this case, the patient had
not visited the hospital for 28 months after emboliza-
tion. He finally came to our hospital 28 months after
embolization due to abdominal pain. At that time, a
plain craniogram was examined, and a change in the
shape of the embolized coil was found. An angiogra-
phy was scheduled, but the day before admission he
suffered a massive subarachnoid hemorrhage and
died. The rupture rate of all aneurysms in our series
was 1.3% in the follow-up period of mean 3.2 years.
Therefore, the annual rupture rate in our series was
0.4%.

Representative cases

A 67-year-old male was admitted to our hospital for
the treatment of unruptured basilar tip aneurysm of
10 x 8 x 8 mm in size, which was found on angiogra-
phy for the diagnosis of cerebral infarction (Fig. 1 a,b).
Coil embolization was performed under general anes-
thesia. The aneurysm was wide-necked, and a remod-
eling technique was used for the coil embolization. A
Commodore double lumen balloon catheter was in-
troduced from the left vertebral artery and a micro-
catheter for coil embolization (Prowler-14) was intro-
duced from the right vertebral artery. A GDC-18 coil
(8 mm x 20 cm) was introduced into the aneurysm
under dilatation of the balloon placed from the left
posterior cerebral artery to the basilar artery. After de-
ployment of the first coil to preserve the bilateral pos-
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Fig. 1. Angiographic findings of case 1. (A) AP view of the vertebral angiography. A wide-necked aneurysm was demonstrated. (B) Lateral
view of the vertebral angiography. (C) AP view of the vertebral angiography after coil embolization. Bilateral posterior cerebral arteries were
preserved. (D) Lateral view of the vertebral angiography. (E) AP view of the vertebral angiography one year after initial embolization. Dome
filling was not demonstrated. (F) Lateral view of the vertebral angiography one year after initial embolization

terior cerebral arteries, packing coils were introduced
into the framing coil (Fig. 1 c¢,d). Embolization was
completed under the condition of dome filling. On the
follow-up angiogram one year after embolization, the
aneurysm had been obliterated keeping the bilateral
posterior cerebral arteries patent (Fig. 1 e,f).

A 50-year-old male had a small intracerebral hem-
orrhage. On CT, an isodensity mass was found in the
interpeduncular cistern. Angiography revealed a large
unruptured basilar tip aneurysm 14 x 10 x 11 mm
in size (Fig. 2 a,b). The neck of the aneurysm was
broad, and bilateral posterior cerebral arteries had
branched from the dome of the aneurysm. The dou-
ble microcatheter technique was used to embolize
this aneurysm. GDC-18 coils 12 mm x 30 cm and
10 mm x 30 cm were deployed into the aneurysm

from microcatheters introduced from the bilateral ver-
tebral arteries. The aneurysm was embolized but the
dome of the aneurysm was partially filled with contrast
medium to keep the bilateral posterior cerebral arteries
patent (Fig. 2 c,d). The patient had not visited our hos-
pital until 28 months after the procedure, at which time
deformity of the initially embolized coil was found
(Fig. 2 e,f). The evening of the day of his visit to
the hospital, a massive subarachnoid hemorrhage oc-
curred and he died.

Discussion

Aneurysmal SAH has a 30-day mortality rate of
45% and an approximately 50% rate of disabilities
among survivors. The prevention of SAH has been
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Fig. 2. Radiological findings of case 2. (A,B) Vertebral angiography demonstrated wide-necked basilar tip aneurysm. (C,D) The aneurysm was
embolized and left the bilateral posterior cerebral arteries patent. (E) Plain craniogram after initial coil embolization. (F) Plain craniogram 28

months after initial embolization

promoted as the most effective strategy for reducing
the morbidity and mortality rate. Recently, the largest
study of unruptured cerebral aneurysms, the Interna-
tional Study of Unruptured Intracranial Aneurysms,
reported a rupture rate of 0.05% for unruptured
aneurysms < 10 mm in diameter and no history of
SAH, and 0.5% for those with previous SAH. In
aneurysms > 10 mm, the rupture rate was approxi-
mately 1% [3]. More recently, the ISUIA published a
slightly higher rate of rupture of unruptured cerebral
aneurysms after detailed evaluation of aneurysma lo-
cation [3].

For treating unruptured cerebral aneurysms, coil
embolization has proven to be effective in early and
clinical evaluations. Johnston et al [4] reported the
results of surgical clipping and coil embolization of
unruptured cerebral aneurysms. A morbidity rate of

18.5% was found in the surgical group and 10.6% in
the endovascular group, and the mortality rate was
2.3% and 0.4%, respectively. We treated 78 unruptured
cerebral aneurysms, on which direct surgery was diffi-
cult to perform. Therefore, many aneurysms in the
posterior circulation and paraclinoid area were in-
cluded in our series. Morbidity and mortality rates at
30-days were 3.7% and 0%, respectively. These results
are acceptable for the treatment of unruptured cere-
bral aneurysms. However, the biggest problem with
coil embolization is recanalization after embolization.
In smaller aneurysms of <10 mm, the recanalization
rate was lower than 25%, while in large aneurysms of
>=11 mm, the recanalization rate was 75%. Of the
large aneurysms, one aneurysm caused a fatal sub-
arachnoid hemorrhage 28 months after embolization.
Various types of new coils have been developed to
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solve this problem, such as the Matrix coil [9], hydro-
coil, or bFGF core coils [5], which are supposed to
induce fibrosis inside the aneurysm to prevent recanal-
ization.
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Management of ruptured aneurysms combined with coexisting aneurysms
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Summary

In patients suffering from subarachnoid haemorrhage (SAH) and
presenting with multiple intracranial aneurysms (MIA) two ques-
tions have to be decided on: Ist when is the ideal moment to elimi-
nate the ruptured aneurysm and 2nd when to treat the coexisting
aneurysms.

In our series we retrospectively analysed 124 SAH-patients pre-
senting with a total of 323 aneurysms.

In 57 patients the ruptured aneurysm and all coexisting aneurysms
were clipped during the first operation, whereas in 9 patients only
some of the coexisting aneurysms (group-A; age in median 55 years)
were clipped besides the ruptured one. In 55 patients (group-B; age
in median 55 years) the first operation was restricted to clipping
the ruptured aneurysm, dealing with the coexisting aneurysm sub-
sequently. Immediately after admission 3 patients passed away. One
of the 64 patients waiting (average 60 days, median 14 days) for the
subsequent clipping of the not yet secured aneurysms suffered a
SAH. Six to 12 months after the initial SAH, 78% of the cases in
both groups reached a Glasgow Outcome Score of 4 or 5.

Even if in patients with coexisting unruptured intracranial aneur-
ysms the elimination of each and every aneurysm is recommended,
the advantages of an unstaged procedure versus the additional strain
caused by the prolongation of the procedure, e.g. approach over the
midline, 2 or more craniotomies, and the risk of additional ischemic
damage to the brain, caused by increased manipulation of cerebral
arteries and brain tissue, have to be carefully considered. This is of
special importance in dealing with patients in higher Hunt and Hess
grades.

Keywords: Aneurysm surgery; intracranial aneurysms; manage-
ment outcome; multiple aneurysms; subarachnoid hemorrhage.

Introduction

Eliminating a ruptured aneurysm is a prophylactic
procedure preventing rebleeding and facilitating the
treatment of delayed vasospasm. Unless a space occu-
pying haematoma or an acute hydrocephalus can be
drained, the procedure does not improve the actual
condition of the patient, but is apt to hurt the brain
even more, as it reacts especially sensitive to additional
damage.

In patients suffering from multiple intracranial

aneurysms (MIA) not only the ideal moment to elimi-
nate the ruptured aneurysm has to be decided on but
also when to treat the coexisting aneurysms.

The aim of this study is a retrospective analysis of
our policy dealing with MIA.

Material and method

Evaluation of the records of all the patients having been treated
for ruptured intracranial aneurysms in the Neurosurgical Depart-
ment of the University-Hospital Zurich between 1997 and 2003, es-
tablished 124 patients presenting with subarachnoid haemorrhage
(SAH) and MIA (Table 1).

At time of entering the Neurosurgical Department of the
University-Hospital Zurich 60,4% of patients presented with a Glas-
gow Coma Score of 13-15, 26,6% with 8 points or less (Table 2).
Table 3 shows the degree of haemorrhage according to the Fisher-
Scale. Immediately after arriving in the Neurosurgical Department
and before a treatment could start 3 patients died.

The localisation of the 124 ruptured aneurysms and the 199
coexisting aneurysms is shown in Table 4. 81 patients suffered from
2 intracranial aneurysms, 25 from 3 aneurysms and 18 patients from
4 or more intracranial aneurysms.

Table 1. Population (n = 124)

Age Men Females Total
30-39 3 7 10
40-49 7 26 33
50-59 11 29 40
60-69 4 27 31
70-79 0 8 8
80-89 0 2 2
25 99 124
Table 2. Initial Glasgow Coma Score
3to8 33 (26,6%)
9to 11 5 (4,0%)
13to 15 75 (60,4%)
Unknown 11 (8,8%)
124
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Table 3. Fisher Grading
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Table 5. Sequence of clipping|Initial Glasgow Coma Score (n = 121)

0 3 (2,4%)

1 10 (8,0%)

2 20 (16,1%)

3 27 (21,7%)

4 64 (51,6%)
124

Table 4. Locations of the aneurysms (n = 323)

Ruptured Non ruptured Total %
(n=124) (n=199)
MCA 37 (29,8%) 72 (36,2%) 109 33,7%
ICA 29 (23,4%) 75 (37,7%) 104 32,2%
Acoma 34 (27,4%) 13 (6,5%) 47 14,5%
BA 7 (5,6%) 8 (4,0%) 15 4,6%
PICA 6 (4,8%) 7 (3,5%) 13 4%
dist. ACA 9 (7,3%) 14 (7,0%) 23 7,1%
PCA 2 (1,6%) 5 (2,5%) 7 2,2%
Others 0 5 (2,5%) 5 1,5%
124 199 323
Results

In 85 patients (69%) the ruptured aneurysm was
clipped within 72 hours after the SAH, in 28 of them
as an emergency to evacuate a space occupying intra-
cerebral haematoma.

Sequence of clipping of the ruptured and the coexisting
aneurysms

In 66 (55%) patients several or all the aneurysms
were clipped in one session (group A), in 55 (45%)
patients initially only the ruptured aneurysm was elim-
inated whereas the coexisting aneurysms were secured
later on. Immediately after admission 3 patients passed
away.

Table 5 and Table 6 show the initial (“‘time of enter-
ing the Neurosurgical Department”) Glasgow Coma
Score (GCS), respectively Fisher Grade, for patients
of group A (“simultaneous” ) and group B (‘“staged”).

Group A (simultaneous procedure): In 57 (this is in
47% of 124 patients) of the 66 (55%) patients not only
the ruptured but all the diagnosed aneurysms were
clipped within the initial session. In 50 of these 57
patients this could be achieved by performing one
craniotomy only — 38 of the coexisting aneurysms
were located ipsilateral to the ruptured one, in 12
patients the coexisting aneurysms could be reached by
passing the midline. In 7 patients 2 craniotomies were
done in the initial session (Table 7). Finally, in 9

Group A Group B
(simultaneous) (staged)
GCS-3-8 17 25,7% 16 29%
GCS9-12 4 6% 4 7,3%
GCS 13-15 42 63,6% 30 54,5%
Unknown 3 4,5% 5 9%
66 55

Table 6. Sequence of clipping[Fisher Grade (n = 121)

Grading Group A Group B
(simultaneous) (staged)

Fisher 0 3 (4,5%) 2 (3,6%)

Fisher 1 9 (13,6%) 3 (5,4%)

Fisher 2 11 (16,6%) 6 (16,5%)

Fisher 3 15 (22,7%) 15 (27,2%)

Fisher 4 28 (42,4%) 29 (52,7%)
66 55

Table 7. Locations of the aneurysms|Sequence of clippingloperative
approach| (n = 112%)

Unrupt. Aneurysms Group A Group B
(simultaneous) (staged)

Ipsilateral 38 (66,7%) 14 (25,4%)

Contralateral 12 (21%) 31 (56,3%)

2 Craniotomies necessary 7 (12,3%) 10 (18,1%)
57% 55

* In an other 9 patients presenting with 34 Aneurysms, initially the
ruptured and several (but not all) coexisting aneurysms were clipped.
Only 2 of these 9 patient had the coexisting aneurysms ipsilateral to
the ruptured one.

patients presenting with 34 aneurysms, the ruptured
and several (but not all) coexisting aneurysms were
also clipped within the initial session.

Group B (staged procedure): In 55 (45%) patients
only the ruptured aneurysm was secured initially,
whereas the coexisting aneurysms were secured later
on. In 7 cases several aneurysms were left due to bad
condition several aneurysms were left untouched in 7
of these 55 patients.

Outcome (6 to 12 months after the initial SAH):
Table 8 shows the Glasgow Outcome Score (GOS) in
patients undergoing 1, 2 or several sessions. About
78% of the cases of each group reached a GOS of 4
and 5.

With an GCS of 9 or higher at time of entering the
Neurosurgical Department 87% of patients reached a
Glasgow Outcome Score GCS of 4 and 5.
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Table 8. Sequence of clipping|Glasgow Outcome Score (n = 121)

Table 9. Correlation initial GCS|GOS

GOS Group A Group B
(simultaneous) (staged)

1 2 (3,5%) 2 (3,6%)

2 2 (3,5%) 3 (5,4%)

3 8 (14%) 7 (12,7%)

4 22 (38,6%) 21 (38,2%)

5 23 (40,4%) 22 (40%)
57 55

Discussion

To prevent rebleeding and to facilitate the treatment
of possibly arising delayed vasospasm, ruptured cere-
bral aneurysms should be eliminated from circulation
as early as possible, ideally without adding further
damage to the brain [2, 3, 5, 13, 14, 27].

About one third of patients suffering from a rup-
tured cerebral aneurysm are found to have additional
asymptomatic aneurysms [8, 12, 16, 20]. In patients
with MIA the aneurysms located at the bifurcation,
such as the anterior communicating artery and the
middle cerebral artery, bleed easily to contrast with
lateral aneurysms such as those found at the branching
and bending points on the internal carotid artery [23].

Coexisting aneurysms of all sizes in patients with
SAH due to another treated aneurysm carry a higher
risk for future haemorrhage than similar sized aneur-
ysms without a SAH history and have to be considered
for treatment [1].

Actually, in treating ruptured aneurysms, early
operation (day 0-3) is generally accepted, at least in
patients in good condition [17, 21]. Even if there is no
clear evidence advocating early or late surgical treat-
ment after aneurysmal rupture [3], ultra early surgery
and a nonselective policy need not necessarily generate
a large number of dependent survivors, even among
elderly poor-grade patients [4, 14].

In patients with coexisting unruptured intracranial
aneurysms the elimination of all the aneurysms is rec-
ommended [5, 7, 29], at best within one session [18, 24,
26] and within one week from onset [15]. An unstaged
procedure has several advantages over a staged one:

— In case of difficulties in identifying the ruptured
aneurysm clipping all the coexisting aneurysms pre-
vents further bleedings [9].

— It allows an aggressive treatment of delayed cerebral
ischemia without risking the rupture of unsecured
coexisting aneurysms.

GCS GOS4/5
GCS-3-8 54,5%
GCS9-12 87,5%
GCS 13-15 86,1%
Unknown 37,5%

— The patient need not be confronted with the possi-
bilities of suffering further bleedings or subsequent
procedures.

These advantages have to be balanced against the
additional strain caused by the prolongation of the
procedure, e.g. approach over the midline, 2 or more
craniotomies, and the risk of additional ischemic dam-
age to the brain, caused by increased manipulation of
cerebral arteries and brain tissue. This is of special im-
portance in dealing with patients in higher HH-grades.

Our retrospective analysis includes 124 patients
(80% women) suffering from subarachnoid haemor-
rhage, presenting a total of 323 aneurysms. Women
seem to present a higher percentage of MIA than men
[10, 12, 16]. The highest rate of rupture was found in
aneurysms located at the Acom (72%), followed by
aneurysms of the BA (46%) and finally of the ICA.

In 57 patients all the coexisting aneurysms were
clipped within the same session as the ruptured one,
whereas in 9 patients only some of the coexisting
aneurysms (group-A; age in median 55 years) were
clipped at the same time. In 55 patients (group-B; age
in median 55 years) the first operation saw only the
clipping of the ruptured aneurysm, the coexisting
aneurysms being treated subsequently.

1 of the 64 patients waiting (average 60 days,
median 14 days) for the subsequent clipping of the not
yet secured aneurysms suffered a SAH.

In spite of the differences of the stress caused by
the one-step procedure in comparison with a staged
procedure — 20% of patients in group A needed an
approach over the midline to the contralateral side, in
an other 14% 2 craniotomies had to be done — about
78% of the cases in both groups reached a GOS of 4
or 5, 6 to 12 months after the initial SAH . There is no
striking difference in age between group A and group
B (53,5 years and 56 years respectively). Concerning
GCS at time of entering the Neurosurgical Depart-
ment and Fisher-Grade, there are more patients with
a high GCS and a low Fisher-Grade in group A (Table
5 and 6).
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One of the reasons for reaching a GOS of 4 or 5 in
about 78% of our population might be the fact, that
in patients with low GCS and high Fisher Grading we
are given to proceed stepwise in securing the aneur-
ysms. Another one might be our attitude to decide
during surgery about how to handle the coexisting
aneurysms. In patients presenting a tight, swollen
brain, it is wise not to persist in a one-step procedure,
the same is true when clipping of the ruptured aneur-
ysm turns out to be unexpectedly difficult [6, 8, 18, 19].

Nevertheless, deciding on a staged procedure, de-
mands careful inspection of the aneurysms as to elimi-
nate the appearance of a recent ruptured aneurysm
and the risk of subsequent bleedings from untreated
aneurysms has to be realised [22, 26, 28].
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Summary

We retrospectively analyzed the prevalence and surgical outcomes
of unruptured cerebral aneurysms in the elderly for the past five
years. Between 1998 and 2002, we collected data from 575 subjects
with unruptured aneurysms who had no history of subarachnoid
hemorrhage (SAH). One hundred and eighty-two of these patients
(31.7%) were aged >70 years and they had 233 aneurysms. The pro-
portion of older patients among all subjects increased significantly
from 21.4% in 1998 to 40.3% in 2002.

Unruptured aneurysms found in the elderly had a predominance
of female, higher frequency of multiple aneurysms, and lower fre-
quency of anterior communicating artery aneurysms when com-
pared with those in the younger patients. The majority of intradural
aneurysms detected in the elderly were less than 10 mm in diameter
(84.8%). One hundred and eleven out of 224 intradural aneurysms in
the elderly were treated (49.6%); most aneurysms were directly
clipped, while only 13 aneurysms including six basilar artery aneur-
ysms were coiled endovascularly. Among the 83 elderly subjects who
underwent direct surgery, perioperative complication appeared in
seven subjects (morbidity 8.4%, mortality 1.2%). No SAH occurred
postoperatively and conservatively during 1-5 years of follow-up.

Since the rupture rate of small unruptured aneurysms without
SAH history is reported to be low, surgical indication should be
considered with care particularly in the elderly.

Keywords: Unruptured cerebral aneurysms; elderly patients; out-
come; subarachnoid hemorrhage.

Introduction

Recent epidemiological studies have revealed that
the incidence of subarachnoid hemorrhage (SAH) in
the elderly has been increasing, and that overall out-
come of SAH is poor [16, 17, 23, 32]. Whether the inci-
dence of SAH is parallel to the prevalence of unrup-
tured cerebral aneurysms and whether incidentally
detected aneurysms result in fatal rupture remains un-
certain. We have to face the fact that an increasing
number of unruptured aneurysms even in the elderly
are discovered owing to advancements in non-invasive
neuroimaging techniques such as magnetic resonance

angiography (MRA) and computed tomography an-
giography (CTA) [32].

Indications for surgical treatment of unruptured
aneurysms are generally thought to depend on age,
physical and neurological status, patient psychological
factors, and location, size, and shape of aneurysms [21,
26, 30, 31, 36]. Increased surgical risks and reduced life
expectancy among the elderly would decrease the sur-
gical benefits, and even minor perioperative complica-
tions may cause serious problems [3, 5, 21]. Therefore,
justification for surgery of unruptured aneurysm in the
elderly has not yet been established.

Beginning in January 1998, we collected records in
our database for consecutive patients with unruptured
cerebral aneurysms diagnosed at our university hospi-
tal or affiliated hospitals. In the present study, we ret-
rospectively collected data for the past five years on
subjects with newly diagnosed unruptured aneurysms
that were not associated with SAH, to clarify trends
in the prevalence and management of unruptured
aneurysms in the elderly.

Materials and methods

Between January 1998 and December 2002, 575 subjects with
unruptured intracranial aneurysms newly diagnosed by MRA and/
or CTA were enrolled in this study. When needed, catheter angiogra-
phy was performed for confirmation of the MRA or CTA findings
and for planning the optimal treatment, i.e. neck clipping or endo-
vascular coiling. Subjects were classified into two age groups, >70
years old and <70 years old, according to the criteria of the Japan
Geriatric Neurosurgery Society. No patient with a history of SAH
was included in the study. Trends for the prevalence and manage-
ment of unruptured aneurysms among the elderly were analyzed
and compared with those in the younger subjects.

Aneurysms detected were classified as small (<5 mm), medium
(5-9 mm), large (10-24 mm) or giant (=25 mm) on the basis of the
maximal diameter. Surgical outcome was assessed according to the
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Fig. 1. Location of the unruptured intradural aneurysms. Horizontal bar indicates frequency of aneurysms detected. White column and black
column indicate subjects aged <70 years and those aged >70 years, respectively. *P < 0.05, **P < 0.01. A CoA4 Anterior communicating artery;
M CA middle cerebral artery; /CA internal carotid artery; distal ACA distal anterior cerebral artery; BA basilar artery; VA vertebral artery

Glasgow Outcome Scale [14] three months after surgery. Any neuro-
logical deficit occurring within 30 days of surgery was considered a
surgical complication.

The proportion of elderly among all subjects with unruptured
aneurysms in each year from 1998 to 2002, and differences in fre-
quencies between the groups were compared with chi-square test. A
value of P < 0.05 was considered significant.

Results

Of 575 subjects with unruptured intracranial aneur-
ysms, 182 (31.7%) were aged >70 years and had 233
aneurysms (198 in the anterior circulation; 26 in the
posterior circulation; 9 in the cavernous portion of the
internal carotid artery). The frequency of female in-
creased progressively with age, comprising 73.1% of
the elderly subjects. The proportion of elderly patients
increased yearly from 21.4% in 1998, reaching 40.3%
in 2002 (P < 0.01).

In subjects aged <70 years, the most frequent reason
for the diagnosis of unruptured aneurysm was non-
specific symptoms such as chronic headache, dizziness
and vertigo. Incidental detection at the brain check-up
[24] was the second most frequent reason and fre-
quency was significantly higher than that in the elderly
(31.8% vs. 17.0%, P < 0.01). On the other hand,
unruptured aneurysms in the elderly were mostly di-
agnosed during routine imaging for other cerebro-
vascular diseases including symptomatic cerebral in-
farction, and frequency was much higher than that in
the younger subjects (35.2% vs. 17.5%, P < 0.01).

A total of 620 intradural aneurysms were detected in
this study, of which 12.6% were located in the posterior

circulation. The most frequently found location was
the middle cerebral artery (32.7%), followed by the
internal carotid artery (30.2%). The anterior commu-
nicating artery was only 17.1%. As shown in Fig. 1,
the frequency of the anterior communicating artery
aneurysm was much lower in the elderly (11.6% vs.
20.2%, P < 0.01) while that of the distal anterior cere-
bral artery aneurysm was slightly but significantly
higher in the elderly (8.0% vs. 4.0%, P < 0.05).

In the elderly subjects as well as the younger pa-
tients intradural aneurysms with size 5-9 mm in di-
ameter were most frequently found. Frequencies of
aneurysms < 5 mm and aneurysms < 10 mm in the
elderly were not significantly different from those
found in the younger subjects (42.4% vs. 36.9%,
84.8% vs. 83.4%, respectively).

The frequency of female subjects and of multiple
aneurysms were significantly higher in the elderly
(Table 1). Family history of either SAH or unruptured
cerebral aneurysm within the second-degree relatives
was not significantly different between the two groups.
In the elderly, the frequency of the treatment for intra-
dural aneurysms was 52.0% in the anterior circulation,
and 30.8% in the posterior circulation. Thirty-one of
95 (32.6%) small aneurysms, 60 of 95 (63.2%) medium
aneurysms, 19 of 31 (61.3%) large aneurysms, and 1 of
3 (33.3%) giant aneurysms were surgically treated.
Small aneurysms less than 5 mm in diameter were less
frequently treated in the elderly than the younger
subjects (32.6% vs. 47.3%, P < 0.05); however, aneur-
ysms > 5 mm in diameter were similarly treated be-
tween the two groups.
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Table 1. Comparison of frequencies in subjects with unruptured aneurysms between <70 years and =70 years of age

Total (%) <70y.0. (%) >70y.0. (%) p value
Number of subjects 575 393 182
Female subjects 363 (63.1) 230 (58.5) 133 (73.1) 0.0008
Multiple aneurysms 93 (16.2) 52(13.2) 41 (22.5) 0.0049
Family history 38 (6.6) 26 (6.6) 12 (6.6) 0.9920
Intradural aneurysms 620 (100) 396 (100) 224 (100)
Treated aneurysms 352 (56.8) 241 (60.9) 111 (49.6) 0.0063
Craniotomy 307 (49.5) 209 (52.8) 98 (43.8) 0.0308
Endovascular 45(7.3) 32 (8.1) 13 (5.8) 0.2938

Family history, family history of either SAH or unruptured cerebral aneurysm within second-degree relatives; craniotomy, direct clipping of the

aneurysm; endovascular, endovascular coiling.

Table 2. Surgical complications after direct clipping of the unruptured aneurysm in the elderly

Age/sex Aneurysm location Aneurysm size (mm) Outcome (GOS) Cause of poor condition

74 F PCoA 10-24 MD postoperative ICA stenosis

73 M MCA <5 MD perforator injury (hemiparesis)
72F PCoA 5-9 D poor general condition

7TM MCA <5 MD chronic subdural hematoma
77TM MCA 5-9 SD perforator injury (hemiparesis)
77 F ACoA 5-9 MD perforator injury (mild dementia)
72F PCoA <5 MD oculomotor palsy

M Male; F female; PCoA posterior communicating artery; MCA middle cerebral artery; 4CoA anterior communicating artery; /CA internal
carotid artery; GOS Glasgow Outcome Scale; M D moderate disability; SD severe disability; D death.

Of 224 intradural aneurysms detected in the elderly,
more than half were conservatively followed up,
43.8% were treated by craniotomy, while 5.8% or
only 13 aneurysms including six basilar artery aneur-
ysms were treated endovascularly (Table 1). Treat-
ment (clipping or endovascular coiling) for intradural
aneurysms was less frequently performed in 111 of
224 in the elderly (49.6%), compared with 241 of 396
in the younger subjects (60.9%). The frequency of cra-
niotomy was slightly lower in the elderly, while that of
endovascular treatment was not significantly different.
Among 83 elderly subjects who underwent direct clip-
ping, perioperative complication appeared in seven
subjects (morbidity 8.4% at three months after surgery,
mortality 1.2%, Table 2). Most complications were
due to perforator injury during surgery, although those
were not specifically apparent in the elderly. There was
no SAH reported postoperatively and conservatively
during 1-5 years of follow-up. The morbidity rate in
the elderly was slightly lower than that in the younger
subjects, although this difference did not reach signifi-
cance (8.4% vs. 10.8%).

Discussion

There is currently insufficient evidence to recom-
mend a standard management for unruptured cerebral
aneurysms [2, 7, 10, 13, 20, 27, 29]; particularly only
few data have been reported regarding management
for those in the elderly without a history of SAH [4,
18]. Although treatment risks are commonly thought
to be higher in the elderly [19, 25], several reports indi-
cate that advancing age alone does not necessarily pre-
clude good outcome in aneurysm surgery [9, 22]. In
our study, morbidity rate in the elderly was not higher
than that of the younger subjects. Since frequencies of
treatment for aneurysms > 5 mm in diameter were
similar between the two groups, relatively low fre-
quency of surgical complication in the elderly might
be attributable to appropriate subject selection in per-
forming surgery.

We had only one patient who exhibited permanent
mental deterioration after clipping of the anterior
communicating artery aneurysm, which is reported to
occasionally appear in the elderly [1, 6, 8, 15]. Since we
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did not perform neuropsychological examinations in
all subjects perioperatively, we might have under-
estimated the complication rate following surgery.
Further evaluations including neuropsychological
studies for overall outcomes in surgery for unruptured
aneurysms are warranted especially in the elderly.

The present study demonstrated that discovery of
unruptured aneurysms in the elderly has progressively
increased. In addition, our data showed trends for un-
ruptured aneurysms found in the elderly, with female
predominance, higher frequency of multiple aneur-
ysm, and lower frequency of anterior communicating
artery aneurysm, which are thought to be among the
most important factors in aneurysmal rupture [2, 17,
30]. Moreover, the majority of aneurysms detected
were less than 10 mm in diameter, which were fre-
quently treated even in the elderly. Although the an-
nual rupture rate of unruptured cerebral aneurysms
is still controversial [11, 12, 28, 33, 35], that of small
aneurysms without a SAH history is generally consid-
ered low. Therefore, we should have further informa-
tion about characteristics of small-unruptured aneur-
ysms in the elderly to avoid unnecessary invasive
procedures, and improve overall outcomes of surgery
for unruptured aneurysms with appropriate subject
selection.

With increasing proportion of people aged >70
years, the detection rate of unruptured cerebral aneur-
ysms in the elderly has also been rising. Thus, manage-
ment of unruptured aneurysms in elderly patients will
be much more important in the coming years. Further
prospective studies to accumulate data related both to
the natural history of unruptured aneurysms [12, 34,
35] and to surgical outcomes are necessary to deter-
mine surgical indications for unruptured aneurysms in
the elderly.
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Summary

Three special cases of AVM finally treated with conventional mi-
crosurgical method are presented. Two cases of medium sized AVMs
were located at the central region, one of them was primarily treated
with Gamma-knife followed by endovascular embolization having
been complicated with growing cyst formation followed ultimately
by microsurgical removal. The AVM of another case was embolized
three times, followed by removal of the residual nidus under awake
surgery. The third AVM located at the hypothalamus in the vicinity
of the optic nerve was considered unsuitable for embolization and
Gamma-knife therapy, and therefore removed by microsurgery us-
ing special approaches after a trial of embolization.

In terms of microsurgical removal, preoperative embolization,
embolization material, awake surgery and selection of special ap-
proaches are discussed.

Keywords: Arteriovenous malformation; gamma-knife; cyst for-
mation; eloquent area; embolization; awake surgery; approach.

Introduction

The introduction and use of additional modalities
other than the classical microsurgical removal in the
treatment of arterio-venous malformations AVMs
such as embolization and stereotactic radiosurgery
have changed the overall management of AVMs espe-
cially in terms of the currently practised indications,
timing and combination treatment of these malforma-
tions. Three cases of AVMs located at eloquent areas
and/or at functionally important structures finally
treated with microsurgical removal are presented with
special discussion on cyst formation after Gamma-
knife therapy and several technical points inherent to
surgical removal of AVMs. The significance of presur-
gical embolization, awake surgery and selection of spe-
cial surgical approach is emphasized.

Case reports

Case 1 RT (Fig. 1). This 28 years old male had an intracerebral
hematoma at the age of four in 1984 due to an AVM and underwent
surgical evacuation of the hematoma. The medium size (6 cm) AVM
was mainly located at the postcentral gyrus with a main feeder of the
Rolandic artery and with drainers of the vein of Rolando and the
vein of Labbé. He was primarily treated with Gamma-knife twice in
1987 and 1990 resulting in partial occlusion. The AVM presented
with partial and generalized epileptic seizures which had recently
become resistant to medication. Follow-up MRI in 2001 displayed
increase in the size of AVM surrounded by two cysts. A cyst forma-
tion was noticed anterior to the nidus already at the time of check-up
a year earlier. Another cyst of 3 cm in size was newly detected
postero-supero-medial to the nidus without any neurological deteri-
oration. The patient was hospitalized in 2002 due to neurological
deterioration with increased spastic hemiparesis on the left side along
with some sensory disturbance as a consequence of growth of the cyst
with space occupying effect. The AVM was partially embolized fol-
lowed by microsurgical removal of the AVM along with extirpation
of both cysts in March 2003. Postoperative course was uneventful.
Pathology of the cyst revealed to be gliosis containing a lot of calcifi-
cation and some hyalinization. At the time of postoperative follow-
ing up on 16. April 2004, the patient was doing well with slight hemi-
paresis but without any focal epileptic seizure under antiepileptic
medication. Neuroimagings of MRI and MRA displayed complete
removal of AVM nidus and cysts without any midline shifts.

Case 2 MC (Fig. 2). This 35 year old female suffered from slight
weakness of the right extremity associated with dizziness, tinnitus
and right sided ptosis three years ago (1999). AVM of 3 x 4 cm was
found located at the postcentral gyrus and the inferior parietal lobule
with main feeder of the Rolandic artery and with drainers of veins of
Rolando. The first embolization procedure in 1999 at another insti-
tution resulted in partial embolization and was complicated with a
right sided hemiparesis, which recovered almost completely within
three months. The patient decided to have the AVM removed surgi-
cally due to the constant psychological stress. After an additional
two staged embolization in our institution resulting in 80-90% occlu-
sion of the nidus in 2003, microsurgical removal of the residual nidus
was performed under awake surgery on 17. July 2003. The surgery
was complicated with hemiparesis on the right side appearing 48
hours after surgery. Follow-up CT scan showed a small intracerebral
hemorrhage probably of congested venous origin, which was not
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Fig. 1. (A) (a) 2000: 13 years after the first Gamma-knife therapy and 10 years after the second Gamma-knife therapy. Cyst formation at the
post central gyrus and presumably beginning of another cyst fromation at the inferior parietal lobule at the very vicinity of the residual AVM
nidus. (b) 2001: enlargement of the nidus and the cyst. (c) 2002: remarkable growth of the cyst with space occupying effect. (d) 2004: status after
the removal of the cyst and the residual AVM. (B) Left column: MR angiogram and the conventional digital angiogram DSA displays the
residual AVM after twice a Gamma-knife therapy. Middle column: DSA shows preoperative embolization of ca. 50% of the nidus. Right col-
umn: Postoperative follow-up MRA displays complete resection of the AVM corresponding with MRI picture of d.2004
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Case MC 1960 F

Case MC 1960 F

Fig. 2. (A) Left column: DSA 3 years after a partial embolization of the AVM. Middle column: after 3rd embolization resulted in ca. 80-90%
occlusion of the AVM. Right column: State of complete removal of the nidus after awake surgery. (B) MRI before surgical removal of the
partially embolized AVM. CT scan shows venous hemorrahge occurring 2 days after surgery
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Fig. 3. Left column: Circles indicate the AVM nidus containing aneurysmatic components. Middle column: the sagittal CT view shows hem-
atocephalus in which the third ventricle and the fourth ventricle are full of hematoma due to rupture of the AVM. Arrow indicates the access to
the nidus via the RCCLTA. Bottom images indicates a super-selective angiography with the nidus at the hypothalamus and draining veins of
the internal cerebral vein and the vein of Rosenthal. Right column: Follow-up DSA shows complete removal of the AVM

seen on CT scan taken the next day after surgery. Follow-up angiog-
raphy displayed complete removal of the AVM. The hemiparesis
subsided almost completely at the time of follow-up three months
later and the patient returned to previous work.

Case WP (Fig. 3). 37 year old male suffered from SAH for the first
time in 2001. The patient underwent partial embolization for the
small AVM detected in the right hypothalamus at that time. The
AVM bled again in April 2004 into the third and the fourth ventricle.
The patient presented with generalized seizure associated with loss of
consciousness. On angiography a small nidus of 1 cm with some
aneurysmatic components was found in the right hypothalamus and
in the very vicinity of the right optic nerve and the chiasm. The nidus
was fed by direct branches of the right internal carotid artery and
drained into the vein of Rosenthal and into the internal cerebral
vein. After another trial of embolization, which was abandoned for
fear of the risk of visual disturbances and hypothalamic dysfunction,
direct microsurgical removal was performed in April 2004 with the
right pterional approach plus selective extradural anterior clinoidec-
tomy SEAC in combination with a transrostrum corporis callosi—
lamina terminalis approach TRCLTA. Part of the nidus located at
the lateral eminence under the right optic tract could be removed by
the former approach and the remaining nidus with extension into the
right hypothalamus with aneurysmatic component was removed by
the latter TRCLTA after an additional right sided frontal craniot-
omy. Careful treatment in the intensive care unit was necessary for
a couple of weeks: long lasting disturbance in consciousness, diabetes
insipidus associated with electrolyte disturbances due to hematoce-
phalus and hypothalamic syndrome. It took several months for the

patient to recover (outcome of moderate disability) with some recent
memory disturbances but with neither visual disturbance nor hemi-
paresis.

Discussion

Three cases of AVMs finally treated with microsur-
gical removal are presented. These are specific exam-
ples in which other treatment modalities were primar-
ily applied for years because of the AVM location in
eloquent cortical and subcortical sites and of their dif-
ficult surgical accessibility. Discussion will be focussed
on the following topics.

Cyst formation after Gamma-knife therapy of AVMs

Among complications of Gamma-knife therapy,
cyst formation due to gliosis and spongy degeneration
of the brain tissue has been reported to be rather in-
frequent and to be benign, so that need of surgical
treatment seems to be exceptional [4, 6-8, 10]. Our
case with medium sized AVM submitted to Gamma-
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knife therapy twice resulted in partial obliteration of
the nidus and in cyst formation after 10 years showing
that a careful follow-up is mandatory and for a long
time duration. Once this complication is found out
especially in the presence of residual nidus, opimal
timing of removal of the residual AVM and the cyst
should not be overlooked.

Preoperative embolization and embolization material

It is now evident that endovascular embolization
alone itself can complete AVM treatment in consider-
able cases [10]. On the other hand, there is so far to
date no publication known to prove systematically
the benefit of presurgical partial embolization in a
large series of AVM patients. We support, however,
the view that preoperative embolization makes micro-
surgical removal easier: less intraoperative bleeding
due to partial embolization, decreased numbers of
feeding arteries from the depth. For this purpose, mer-
its of embolization with liquid material such as EVAL
was reported [4], but embolization with bucrylate
turned out to have several advantages, although a rigid
or solid mass of embolized AVM interferes in its prep-
aration in the depth. Piece by piece removal of embol-
ized AVM is possible and some demarcation layer
between partially embolized AVMs and their sur-
rounding tissue due to ischemia and/or heating effect
at the time of polymerization makes nidus preparation
easier [2].

Awake surgery

Awake surgery is common for the microsurgical
removal of gliomas in eloquent areas, this has been
developed especially for epilepsy surgery [3, 6]. Awake
surgery for the AVM of our case 2 revealed to be effec-
tive, although the case was complicated with small
bleeding. This may be due to venous congestion [1].
One could check motor and sensory functions at the
time of temporary occlusion of some perinidal feeding
branches of the Rolandic artery and at the time of
stimulation of the cortex around the AVM nidus.
Case No 1 would have been treated with success with
the same method namely preoperative embolization
and awake surgery without any use of Gamma-knife
therapy. Awake surgery for small and medium sized
AVMs in an eloquent area should be seriously taken
into consideration as treatment option with or without
presurgical embolization.

Selection of approaches

The case No 3 of rather small hypothalamic AVM
with repeated intraventricular bleeding is considered
to be inappropriate for endovascular embolization or
Gamma-knife therapy because the feeding arteries
also supply important structures and also the close
proximity of the optic nerve to the hypothalamus. For
the safe surgical removal some special approaches
were necessary. Use of the additional SEAC procedure
[11] to the pterional approach enabled to have access
to the nidus of AVM at the eminentia lateralis by
increased mobilization of the optic nerve and of the
internal carotid artery (hence enlarging the optico-
carotid triangle) determining feeding arteries and non
feeding arteries originating directly from the ICA.
Transrostrum corporis callosi-lamina terminalis
approach TRCLA [9] enabled us to have access to the
nidus with aneurysmatic component in the right hypo-
thalamus. This is a specific case example in which se-
lection of the appropriate surgical approach for safe
removal of an AVM was crucial.

Conclusion

Three cases of microsurgical removal of AVMs at
eloquent areas and/or functionally important struc-
tures are presented. Strategical consideration on the
use of preoperative embolization, awake surgery and
selection of approaches are discussed along with
special mention of cyst formation as a complication
of Gamma-knife therapy which required surgical
removal.

References

1. Al-Rodhan NR, Sundt TM Jr, Piepgras DG, Nichols DA,
Rufenacht D, Stevens LN (1993) Occlusive hyperemia: a theory
for the hemodynamic complications following resection of in-
tracerebral arteriovenous malformations. J Neurosurg 78: 167—
175

2. Iwama T, Yoshimura K, Keller E, Imhof HG, Khan N,
Leblebicioglu-Konii D, Tanaka M, Valavanis A, Yonekawa Y
(2003) Emergency craniotomy for intraparenchymal massive
hematoma after embolization of supratentorial arteriovenous
malformations. Neurosurgery 53: 12511260

3. Ojemann G, Ojemann J, Lettich E, Berger M (1989) Corical lan-
guage localization in left, dominant hemispehere. An electrical
stimulation mapping investigation in 117 patients. J Neurosurg
71: 316-326

4. Taki W, Yonekawa Y, Iwata H, Uno A, Yamashita K,
Amemiya H (1990) A new liquid material for embolization of
arteriovenous malformations. AJNR 11: 163-168



Y. Yonekawa et al.: Three cases of AVM at eloquent areas finally treated with conventional microsurgical method

5. Tanaka T, Kobayashi T, Kida Y (1998) Two cases of cyst for-

mation after Gamma-knife surgery for AVM. Surg Cereb Stroke
(Jpn) 26: 15-19

. Taylor MD, Bernstein M (1999) Awake craniotomy with brain
mapping as the routine surgical approach to treating patients
with supratentorial intraaxial tumors: a prospective trial of 200
cases. J Neurosurg 90: 35-41

. Yamamoto M, Ide M, Jimbo M, Takakura K, Hirai T, Lind-
quist C, Karlsson B (1996) Gamma knife radiosurgery in
medium-sized arteriovenous malformations. Surg Cereb Stroke
(Jpn) 24: 465-473

. Yamamoto M, Jimbo M, Hara M, Saito I, Mori K (1996)
Gamma-knife radiosurgery for arteriovenous malformations:
long-term follow-up results focusing on complications occurring
more than 5 years after irradiation. Neurosrugery 38: 906-914

9

10.

11.

. Yonekawa Y (2003) Radical removal of craniopharygiomas —
Consideration on approaches and their consequences. 13th
meeting of Japan society for hypothalamic and pituitary tumors.
Matsue, Japan February 5. 2002

Yonekawa Y, Fandino J, Taub E (2001) Surgical therapy. In:
Fisher M, Bogousslavsky J (eds) Current review of cerebrovas-
cular disease. Current Medicine, Philadelphia, pp 219-232
Yonekawa Y, Ogata N, Imhof HG, Olivecrona M, Strommer
K, Kwak TE, Roth P, Groscurth P (1997) Selective extradural
anterior clinoidectomy for supra- and parasellar processes.
Technical note. J Neurosurg 87: 636-642

Correspondence: Yasuhiro Yonekawa, Neurochirurgische Uni-

versititsklinik Zurich, Frauenklinikstresse 10, 8091 Zurich, Switzer-
land. e-mail: yasuhiro.yonekawa@usz.ch



Acta Neurochir (2005) [Suppl] 94: 111-114
© Springer-Verlag 2005
Printed in Austria

Early surgery for ruptured cerebral arteriovenous malformations

J. Kuhmonen', A. Piippo’, K. Viirt!, A. Karatas', K. Ishii’, P. Winkler?, M. Niemeli', M. Porras>,

and J. Hernesniemi!

! Department of Neurosurgery, Helsinki University Central Hospital, Helsinki, Finland
2 Department of Neurosurgery, Ludwig-Maximilians-University of Munich, Munich, Germany
3 Department of Radiology, Helsinki University Central Hospital, Helsinki, Finland

Summary

Acute surgery on cerebral arteriovenous malformations (AVMs)
has seldom been reported or used. We reviewed 49 patients of ages
2 months to 78 years (mean 32.8 years), 32 male (65%) and 17 female
(35%), treated acutely (within 4 days of bleed) in Helsinki Neurosur-
gery during 1997-2002. The following variables were assessed in
regards to the outcome (Glasgow outcome score; GOS; 2—3 months
after bleed): age, sex, Hunt and Hess Grade (HH), Spetzler-Martin
Grade (SMG), location of AVM, size of intraparenchymal haema-
toma (ICH), and presence of intraventricular haemorrhage (IVH).

Most of the patients were in a poor clinical condition on admission
(two thirds were HH 4-5). 45 (92%) patients underwent extirpation
of AVM and evacuation of ICH, within 4 days after bleed. Over 55%
had good functional outcome. GOS correlated significantly with HH
(p=0.001), age (p = 0.006), and IVH (p = 0.049). On the other
hand, SMG, location of AVM, and size of haematoma did not sig-
nificantly predict the outcome. Microneurosurgery with preoperative
embolization has made possible the excision of 90% of AVMs. It is
our experience that it can be done acute and early, and it saves lives
as compared to natural history of cerebral AVMs or late surgery,
and accelerates rehabilitation of the patients.

Keywords: Arteriovenous malformation; vascular malformation;
subarachnoid haemorrhage; intracerebral haematoma, acute sur-
gery.

Introduction

Arteriovenous malformations (AVMs) are relatively
rare but, nevertheless, a major cause of haemorrhagic
stroke in the young population. It has been suggested
that 45-70% of the adult AVM patients present with
an acute intracranial haemorrhage [1, 3, 10, 12]. Sev-
eral previous studies of the natural history of AVMs
have estimated that there is a 2 to 4% annual risk of
haemorrhage from an AVM [1, 3, 8, 12], and a risk of

recurrent haemorrhage of 7 to 14% per year initially,
declining to a prehaemorrhage level after 5 years [3, 8].

While most ruptured cerebral aneurysms are oper-
ated on acutely since more than 25 years, acute surgery
on cerebral AVMs has seldom been reported or used.
It has been claimed to be contraindicated and danger-
ous leading to persistent deficits [11, 14]. On the other
hand, surgery has the clear advantage of enabling a
complete removal of an AVM in one session, and
thus, abolishing the risk of the most dreaded event, re-
current haemorrhage. The aim of this review of acutely
operated patients with ruptured cerebral AVM was to
find predicting factors for the outcome.

Materials and methods

Out of more than 1000 cerebral AVMs treated during years 1932
2004 in Helsinki and Kuopio, we reviewed all patients with ruptured
cerebral AVM that were operated within 4 days after haemorrhage
between 1997 and 2002 in the Department of Neurosurgery, Helsinki
University Central Hospital. During this time period, altogether 179
cerebral AVMs were operated on, 100 of them unruptured. The 49
patients scrutinised — being close to one sixth of more than 300
cerebral AVMs operated on by the senior author (JH) [5] — 32 male
(65%) and 17 female (35%), had a mean age of 32.8 years (range
0.2-78 years). Data were obtained from medical records and radio-
graphic studies including demographics, Hunt and Hess Grade
(HH) [7] at admission, Glasgow outcome score (GOS; GR = good
recovery; MD = moderate disability; SD = severe disability; V =
vegetative; D = dead) [9] 2-3 months after haemorrhage, size of
intraparenchymal haematoma (ICH), presence of intraventicular
haemorrhage (IVH), location of AVM, Spetzler-Martin Grade
(SMG) [15], and operative treatment.

45 (92%) patients underwent craniotomy and extirpation of AVM,
and evacuation of ICH, if necessary. Of the remaining four patients
(8%), three were acutely treated with ventricular drainage (one pa-
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tient primarily in Thailand) and one patient had trephination and
evacuation of ICH primarily in Estonia. All patients had preopera-
tively head CT, DSA and/or CTA, and most patients also a MRI.
Embolization was used if feasible in association to DSA. A postop-
erative angiography was always performed and repeated, if neces-
sary.

Data were analyzed with the SPSS for Windows (release
9.0.1.1999, SPSS Inc.). Univariate association of continuous vari-
ables was tested by Spearman rank (rs) correlation coefficients. Anal-
ysis of factors that may contribute to the outcome was undertaken by
unconditional logistic regression. Maximum-likelihood stepwise for-
ward elimination procedures were used, with selection of variables
based on the magnitude of their probability values (<0.05). A two-
tailed p-value < 0.05 was considered significant.

Results

Most of the patients were HH 4 and 5 at admission:
13 (27%) and 19 (39%), respectively. Size of ICH was
smaller than 2.5 cm in 10 patients (20%), 2.5-5 cm in
27 patients (55%), and more than 5 cm in 12 patients
(25%). Twenty-one patients (43%) had a complicating
IVH. Twenty-one (43%) of the AVMs were SMG 2, al-
most 60% of the AVMs were grades 1 and 2. More
than half of the patients had good functional outcome
(GOS GR or MD) 2-3 months after bleed. The out-
come correlated significantly with HH (p = 0.001),
age (p =0.006), and IVH (p = 0.049). The correla-
tions of GOS with HH, SMG, size of ICH, and IVH
are shown in Table 1. Figure 1 demonstrates radiolog-
ical findings of two patients. Only one postoperative
angiography showed a small residual AVM, this was
not re-treated during the follow up time.

Discussion

These data of 49 patients with ruptured AVM, oper-
ated acutely after haemorrhage show that most of the
patients were in a poor clinical condition on arrival
(two thirds were HH 4-5). Almost 80% of the patients
had a significant ICH, and more than 40% also a
complicating IVH. In 92% of the patients AVM was
acutely extirpated. Over 55% of the patients had good
functional outcome 2-3 months after bleed. Factors
that clearly predicted the outcome were HH and age.
Also, presence of IVH correlated with GOS.

We evaluated the outcome 2—-3 months after bleed.
A longer recovery period is required to detect more
final outcome. The follow up of the patients will be
extended up to one year in our next studies.

Earlier studies have considered variables such as
SMG (AVM size, location in the eloquent areas, and
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Table 1. The Glasgow outcome score (GOS)

GOS

HH GR MD SD 14 D Total
1 3 0 0 0 0 3
2 4 3 2 0 0 9
3 3 0 2 0 0 5
4 4 3 5 0 1 13
5 5 2 4 3 5 19
Total 19 8 13 3 6 49
SMG

1 6 0 1 1 0 8
2 9 1 9 0 2 21
3 1 6 3 1 2 13
4 2 1 0 1 2 6
5 1 0 0 0 0 1
Total 19 8 13 3 6 49
ICH

<25 cm 4 3 1 0 2 10
2.5-5 cm 12 3 8 0 4 27
>5cm 3 2 4 3 0 12
Total 19 8 13 3 6 49
IVH 5 4 6 2 4 21

GR Good recovery; M D moderate disability; SD severe disability; V'
vegetative; D dead: 2-3 months after haemorrhage in correlation
with Hunt and Hess (HH) and Spetzler-Martin Grades (SMG),
size () of intraparenchymal haematoma (ICH ), and presence of
intraventricular haematoma (IVH ).

deep venous drainage) [6, 11, 15] and patient’s clinical
condition at the time of surgery [4, 6, 13, 16] to influ-
ence the management outcome. However, morbidity
and mortality rates have varied in some previous
studies because of patient selection (exclusion of
patients in primarily poor condition [2]). We included
all admitted patients consecutively in our series. One
recent study has suggested an independent effect of
age on the risk of AVM surgery [4]. Our data shows
age to have significant influence on the outcome. It is
the primary severity of the bleed, not SMG, location
of AVM, and size of ICH, that significantly influences
the outcome. This might be due to our aggressive and
acute treatment, i.e., within 4 days of bleed, careful
evacuation of ICH, when needed, and 98% success in
excising AVM totally in the same session.

Microneurosurgery with preoperative embolization
has made possible the excision of 90% of arteriovenous
malformations; and it is our experience that it can be
done early to save lives and to accelerate rehabilitation
of the patients. A few surgeons specialising in the sur-
gery of AVMs and aneurysms should be available in
every country.
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Fig. 1. (A) A huge intraparenchymal haematoma (/CH) two days after embolization of (B) a left temporal arteriovenous malformation
(AVM ) in 39-year-old male. Preoperatively Hunt and Hess Grade (HH ) was 5. ICH was evacuated and AVM extirpated, resulting in vegeta-
tive state at 3 months after bleed, and finally severe disability. (C—D) 38-year-old male admitted deeply unconscious (HH 5) to hospital. (C) CT
scan showing massive intraventricular haematoma. (D) Vertebral angiography revealed a trigonal AVM, which was extirpated. Unfortunately
the patient did not survive
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Summary

Awareness of a potential arteriovenous fistula is critical for diag-
nosis of cranial as well as spinal fistulas. The natural history of cra-
nial and spinal dural arteriovenous fistulas has been clarified during
the last decade and interdisciplinary therapies have experienced a
substantial development recently. The classification of Cognard &
Merland is now the most widely accepted one for cranial dural
AVF. It is based on the degree of flow reversal in the sinuses and cor-
tical veins and reflects well the natural history of the different lesions
and serves as basis for therapeutic indications. Several studies have
defined the annual bleeding risk of cranial dural fistulas between 1.8
and 15%, depending on the pattern of venous drainage and initial
symptomatology. Surgical, endovascular and radiosurgical methods
must be selectively chosen for the treatment. The risk associated with
surgical or endovascular treatment of benign fistulas is higher than
the risk of eliminating fistulas that have already led to cortical
venous reflux. Transvenous endovascular occlusion or surgical
disconnection of draining veins is the treatment of first choice for
cranial and spinal dAVF with venous flow reversal. Benign cranial
dural arteriovenous fistulas are a developing indication for radiosur-
gery.

Keywords: Dural arteriovenous fistula; classification; microsur-
gery; embolisation; radiosurgery.

Cranial arteriovenous fistulas

Cranial and spinal arteriovenous shunts correspond
to two types of lesions: (1) Direct fistulas (carotid-
cavernous, carotid-jugular, vertebro-vertebral) and
(2) indirect or dural arteriovenous fistulas (dAVF).
Direct arteriovenous fistulas most commonly affect
the cavernous sinus. According to the angiographic
classification of Barrow et al these direct internal
carotid artery-cavernous sinus fistulas (CCF) are clas-
sified as a CCF Type A [2]. These direct fistulas are
usually the result of a head trauma, with or without
clinically evident basilar skull fracture, or penetrating
injuries. Rupture of an intracavernous ICA aneurysm
can also produce a direct Type A fistula. The other

types of CCF are indirect truly dural arteriovenous
fistulas in the dura around the cavernous sinus. Barrow
et al. described three types of indirect fistulas depend-
ing on the dural vascular supply from the ICA and
ECA respectively (Types B, C, D).

More generally, intracranial dAVFs represent arte-
riovenous shunts from a dural arterial supply to a
dural venous drainage channel (see Fig. 1). The nidus
of arteriovenous shunting is contained within the leaf-
lets of the dura mater, the wall of a dural sinus, the
falx, or the tentorium [1]. Unlike pial arteriovenous
malformations, dAVFs seldom have a discrete nidus.
Instead, they are composed of numerous arteriovenous

Fig 1. (left) MRA of a dural arteriovenous fistula of the confluens
sinuum, showing varicose dilatation of the confluens, venous drain-
age mainly via the transverse sinuses and arterial supply by both
carotid systems and the vertebral arteries; (right) arterial and venous
phase of external carotid angiography showing multiple dilated scalp
arteries, retrograde leptomeningeal venous flow and flow reversal
and thrombosis in the superior sagittal sinus. This 18-year-old man
presented with intracranial hypertension. He was cured by multiple
endovascular and surgical interventions resulting in complete resec-
tion of the confluens
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microfistulas with thickened dural arteries and dilated
draining channels. The feeding arteries are dural ar-
teries and therefore mainly branches of the external
carotids system. Most frequent feeders are the occipi-
tal, tentorial, and middle meningeal arteries. Dural
AVFs occasionally obtain blood also from the internal
carotid or vertebral system.

Epidemiology and clinical characteristics

Most frequently the transverse or sigmoid sinus
(60%) is affected. The next common sites are the cav-
ernous sinus (15%), the tentorial incisura (10%), and
the superior sagittal sinus and dural convexity (10%),
followed by fistulas in the anterior and middle cranial
fossa (10%).

The natural history of dAVFs is highly variable
[16, 17]. Fistulas can be asymptomatic or present with
benign or aggressive symptoms. Cognard et al. re-
viewed the symptoms and progression of dAVFs, and
correlated the findings with various angiographic pat-
terns [4]. They found that lesions that drain into a sinus
with antegrade flow rarely cause aggressive symptoms,
such as intracranial hypertension, epilepsy or neuro-
logical deficits (see Table 1). They observed an increas-
ing percentage of aggressive symptoms with retrograde
flow in the sinus and/or cortical veins, and that the risk
of haemorrhage was associated with cortical venous

Table 1. Cognard & Merland classification of cranial dural arteriove-
nous fistulas [4, 6]

Haemodynamic  Risk of aggressive Risk of
characteristics symptoms haemorrhage
Type 1 antegrade flow in 1% 0%
sinuses and
bridging veins
Type Il a retrograde flow 37% 0%
in sinus
Type Il b retrograde flow 30% 20%
in bridging
veins
Type Il a+b retrograde flow 67% 6%
in sinus and
bridging veins
Type 111 direct fistula in 76% 40%
bridging vein
Type IV direct fistula in 97% 66%
varicose
bridging vein
Type V spinal venous 100% 46%

drainage
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drainage. Particularly dAVFs with direct cortical
venous drainage and venous ectasia were likely to
present with aggressive symptoms (97%) and haemor-
rhage (66%). The bleeding rate of dAVFs was clarified
by analysis of major case series only recently. Brown
and collaborators defined in 1994 by a prospective
non-selected follow-up study the average bleeding risk
as 1.8%/year [3]. Satomi and coworkers from Toronto
confirmed in 2002 that benign cranial dural arteriove-
nous fistulas have indeed a good outcome under con-
servative management with only 2% conversion to
cortical drainage during follow-up [23]. Van Dijk and
coworkers showed in 2002 that the clinical course of
cranial dural arteriovenous fistulas with long-term per-
sistent cortical venous reflux is unfavourable with a
10%/year mortality and a total of 15% annual events
[31]. Duffau et al. described in 1999 a subgroup of in-
tracranial dural arteriovenous fistulas which is prone
to early re-bleeding [7].

Treatment options

When patients present with minor complaints of
noise in the head or headaches, often no treatment
needs to be offered. However, pulsatile tinnitus, head-
ache or mastoid pain can be so severe that they limit
quality of life. In these cases the potential risk and
benefit of treatment has to be considered carefully. In
patients with progressive disabling symptoms and in
those who are at increased risk for haemorrhage
according to the angiographic pattern of the dAVF,
definite treatment is warranted.

Many treatment strategies for dAAVFs have been de-
scribed in the literature. Accepted treatment options
include microsurgery, embolisation and radiosurgery
or combinations of these methods [24, 25].

Microneurosurgery

Sundt and Piepgras published the first systematic
series regarding surgical treatment of arteriovenous
malformations of the lateral and sigmoid dural sinuses
[27]. The preferred surgical treatment was complete
excision coupled with packing of the sigmoid sinus.
The operative approach was illustrated and discussed
in detail. Results and complications were reviewed in
27 patients whose symptomatology had progressed
under conservative management; 22 of these cases
harboured primary lesions and five had recurrences.
There were 22 excellent, one good, and two poor re-
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sults (both of the latter from blindness that preceded
surgery). There were two deaths, both in patients pre-
viously operated on with incomplete removal or oblit-
eration of the dAVF by attempted embolisation.

Surgical excision, with or without prior embolisa-
tion, remains the most versatile and effective therapeu-
tic option for complete elimination of dAVFs. Simple
ligature of feeding vessels produced success rates of
only 0 to 8% and can no longer be recommended
[15]. It is agreed that curative treatment of dAVFs
generally involves excision of the diseased venous seg-
ment. However, surgical excision of dAVFs is associ-
ated with notable mortality and morbidity, especially
when the transverse-sigmoid sinus or the tentorium
are involved. Surgical resection of these dAVFs carries
the risk of aggravating the underlying venous hyper-
tension. Elimination of the arterial supply has been
advocated if the sinus continues to provide a major
route of venous drainage. However, arterial occlusion
alone usually leads to recurrence. En bloc resection of
the diseased sinus along with the nidus can be per-
formed when the sinus is thrombosed or there is
prominent collateral venous drainage. Arterialized
red draining veins can be taken with impunity, but rad-
ical resection may be limited when disease involves
major dural sinuses or bridging veins, especially when
these venous channels are still patent with antegrade
drainage [24].

Apart from formal resection permanent clinical and
angiographic cure can be expected by complete oblit-
eration of the venous outflow. Thompson and co-
workers as well as Collice et al. described interruption
of leptomeningeal drainage for cranial dural AV fistu-
las with pure leptomeningeal drainage [5, 12, 30]. For
fistulas with a pure leptomeningeal drainage this mode
of therapy has become the method of choice (see Figs.
2 and 3). If only the retrograde leptomeningeal outflow
is obliterated in sinus fistulas with secondary cortical
reflux (Cognard Type 2 b and 2 a+b) conversion of
an aggressive fistula into a benign one can be expected
from obliteration of the leptomeningeal drainage [32].

In our opinion, surgery is indicated when embolisa-
tion is impossible or results in subtotal occlusion and
when life-threatening or debilitating symptoms such
as haemorrhage, retrograde venous drainage, intracra-
nial hypertension, focal deficit, or epilepsy are present.
Pulsatile tinnitus, headache, and mastoid pain may
also indicate the need for therapy. Subtotal occlusion
of a fistula by surgery or embolisation alone is not
protective against further complications, especially
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haemorrhage. The goal of treatment is to achieve a
rapid and complete anatomical cure.

Endovascular treatment

Successful endovascular transarterial occlusion of
dAVFs has been reported. However, long-term
follow-up review of patients often was lacking. If
followed long enough, embolised dAVFs have been
shown to recanalise [24, 25, 33]. Only for lesions of
the cavernous sinus, embolisation was already prior
to the advent of transvenous techniques recommended
as the primary treatment by almost all authors. The
reported success rates are some 60% for transarterial
approaches. For lesions in other locations, it is now
quite clear that transarterial embolisation may signifi-
cantly decrease flow through a dAVF, but arterial
embolisation is unlikely to result in complete and per-
manent obliteration of the fistula. Transvenous or
combined transvenous-arterial approaches seem to be
more efficacious for dAVFs that remain patent after
transarterial therapy or that cannot be reached arteri-
ally. Halbach and co-workers pioneered transvenous
embolisation of dural fistulas involving the transverse
and sigmoid sinuses [11]. Today the higher efficacy of
transvenous embolisation compared to transarterial
embolisation is generally accepted. However, the risks
and long-term results of transvenous obliteration are
still unknown. Roy and Raymond emphasized that
the occlusion must be precise [22]. An erroneous occlu-
sion could reroute the fistulous output and overload an
intracerebral vein. Cavernous dural fistulas with a ve-
nous access route can be treated by this technique
without significant risk of harm. However, dAVFs in
other locations must be carefully evaluated to ensure
that the embolisation does not interfere with normal
venous drainage of the adjacent brain. This is particu-
larly true for low-risk fistulas, in which the brain still
uses the involved sinus for venous drainage.

Radiosurgery

Lewis et al. reported on nine patients with tentorial
dAVFs treated with transarterial embolisation com-
bined with stereotactic radiosurgery. Five of the seven
patients who underwent radiosurgery had a residual
dAVF after a mean follow-up period of 24 months
and one patient suffered transient radiation injury to
the brain stem [13]. Link ez al. developed a treatment
strategy that includes radiosurgery followed by partic-
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Fig. 2. A 59-year-old man presented with sudden headache and hemianopia. MRI showed a right parietal haemorrhage and a dilated bridging
vein. Right external carotid angiography showing direct fistula into a varicose leptomeningeal vein and cortical reflux. Outflow of the leptome-
ningeal vein into the superior sagittal sinus is thrombosed. Intraoperative view after right parietal craniotomy showing multiple dural arteries
entering the leptomeningeal vein. Curative therapy consisted of coagulation and division of this vein. Postoperative right external carotid
angiography showing elimination of the fistula

ulate embolisation for selected patients with symptom-
atic dAVFs who are not good surgical candidates [14].
They treated 29 patients with dAVFs using a Leksell
Gamma-Knife unit. Within 2 days after radiosurgery,
17 patients with AVFs that exhibited retrograde
venous drainage (12 patients) and/or produced intrac-
table bruit (eight patients) underwent particulate

embolisation of external carotid feeding vessels. An-
giography 1 to 3 years posttreatment in 18 patients
showed total obliteration of 13 fistulas (72%) and par-
tial obliteration of five (28%). No lesion had bled after
treatment. Since these pioneering reports other series
have confirmed the high efficacy and the low risk of
radiosurgery for dural arteriovenous fistulas [8-10,



Dural arteriovenous fistula 119

C

"wE

Fig. 3. A 53-year-old man presented with progressive headache. Right and left internal carotid arteriography showed fistula supplied by both
anterior ethmoidal arteries and draining into a right frontopolar bridging vein. (C) After right frontal interhemispheric exposure the arterialized
retrograde leptomeningeal artery was identified. Disconnection of this vein led to angiographic and clinical cure

20, 21]. The reported cure rates range between 80 and  Personal experience ( Munich|Diisseldorf, 1994—-2003)

90%. -y . . .
’ Our initial experience with treatment of 30 cranial

dural fistulas including the transverse and sigmoid
sinuses was summarized in 1997 by Olteanu-Nerbe

The treatment of complex intracranial dAVFs often et al. [19]. Depending on the venous drainage the fistu-
remains problematic. Combination of all primary las were classified following Cognard’s description
treatment modalities must be used with the aim 1) to with 18 patients Type I (main sinus with antegrade
eliminate venous reflux and 2) to obliterate the fistula flow), 5 Type II a (main sinus with reflux into the con-
completely to prevent recurrence. tralateral sinus), 5 Type II b (reflux into cortical veins),

Multidisciplinary treatment
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1 Type II a+b (both) and 1 of Type III (direct cortical
drainage). Bruit, pulsatile tinnitus and headaches were
the most common symptoms. 6 patients presented with
intracranial haemorrhage, 4 with progressive neuro-
logical deficit or seizures and 3 with dementia. Arterial
embolisation was performed in all cases except one,
where a transvenous approach for balloon occlusion
of the transverse sinus was performed. 21 patients
were treated by single or repeated embolisation alone.
Only in 9/21 cases did arterial embolisation result in
complete occlusion of the fistula. In 12/21 patients
incomplete occlusion was achieved. Following emboli-
sation 8 patients underwent additional surgery includ-
ing coagulation of the feeding arteries and arterialized
veins, sinus resection and reconstruction of the sinus.
Overall, 18 patients were cured, 11 improved and 1
patient was unchanged. There were a total number of
5 complications including transient stroke, transient
facial nerve palsy and a small necrotic skin area fol-
lowing embolisation. Venous infarction of the oc-
cipital lobe was induced by transvenous occlusion and
surgical resection of the transverse sinus in one patient
each, respectively.

Following this initial experience we modified the
general policy in so far that we limited venous occlu-
sive surgery or transvenous embolisation to patients
with venous reflux. Patients with benign fistulas and
orthograde flow in the transverse/sigmoid sinus were
treated by arterial embolisation and Gamma-Knife
radiosurgery. This change of policy could completely
eliminate major complications during in the treatment
of transverse/sigmoid fistulas treated between 1997
and 2003.

Carotid-cavernous fistulas were treated during
the entire period from 1994-2003 almost exclu-
sively by endovascular embolisation. Transarterial
and transvenous methods were combined. The
results of the treatment of cavernous sinus fistulas
were uniformly satisfactory with the only complication
of transient worsening of cranial nerve deficits. Re-
cently, we began to indicate Gamma-Knife radiosur-
gery for some low-flow dural fistulas of the cavernous
sinus.

Direct fistulas into leptomeningeal veins (Cognard
Type I11-V) were almost exclusively approached sur-
gically by interruption of the venous drainage. The
more than 30 patients operated on between 1994 and
2003 were uniformly cured and only minor approach
related complications had to be accepted, such as
transient temporal lobe swelling after subtemporal
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approach or anosmia in a case of a fistula in the olfac-
tory groove.

Spinal dural arteriovenous fistulas

Definition and aetiology

Spinal arteriovenous malformations encompass a
variety of lesions with abnormal connections between
the arterial and venous circulation. The normal high-
resistance capillary system is missing. Spinal arteriove-
nous malformations have been divided by location
into dural AVFs (Type I) and intradural arteriovenous
malformations (AVM) (Type II-1V).

Type I (dural arteriovenous fistula) is a typical long,
single-coiled vessel type of malformation that is almost
invariably located on the dorsal pial surface of the
spinal cord. In 1977, Kendall and Logue first reported
that this type of spinal AVM was actually a true dAVF
[25]. They identified AV fistulas in the dural sleeves
of spinal nerve roots in nine patients who had radio-
graphic and intraoperative findings consistent with
lesions that were previously considered pial venous an-
giomas. Hence, these lesions were recognized as spinal
dAVFs. The spinal dAVF, which is a low-flow shunt
located proximally in the dural sleeve of a spinal nerve
root and the adjacent spinal dura, is supplied by the
dural branch of the intervertebral artery. A perimedul-
lary vein, usually the sole venous outflow from the
fistula, then carries shunted arterial blood, retrograde
to the normal direction of flow, to the coronal plexus.

Spinal dAVFs can be further classified into lesions
with a single arterial feeder (Type I-A) and those with
multiple arterial feeders (Type I-B). The multiple
feeders in Type I-B can originate from either a single
or multiple levels, and they are present unilaterally or
bilaterally.

Treatment

It is fortunate that the most common type of spinal
AVMs is also the easiest to treat. In the past, the tradi-
tional treatment has been excision or stripping of the
long, arterialized venous complex. This was a danger-
ous procedure because it required large exposures and
carried the risk of spinal cord contusion or infarct.
Furthermore, it is now recognized as unnecessary.
The present surgical treatment in most cases consists
of excision of the dural fistula, if this is easy to accom-
plish, or interruption of the arterialized veins that
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drain the fistula. Treatment limited to simple inter-
ruption of the vein draining the dAVF is an adequate
therapy in most patients. It eliminates the underlying
pathophysiology — venous hypertension — without risk
to normal vessels that supply the cord, and carries a
negligible risk of symptomatic recurrence. In patients
with spinal dAVFs with only intrathecal perimedullary
venous drainage, which includes most patients with
these lesions, surgical interruption of the intradural
draining vein provides lasting and curative treatment.
In patients with both intra- and extradural drainage of
the AVF, complete excision of the fistula or interrup-
tion of the intra- and extradural venous drainage of
the fistula is indicated. In patients in whom a common
vessel supplies the spinal cord and the dural AVF,
simple surgical interruption of the vein draining the
AVF is the treatment of choice, as it provides lasting
obliteration of the fistula and it is the only treatment
that does not risk arterial occlusion and cord infarc-
tion. However, it is important to realise that in Type
I-B fistulas multiple arterial feeders can originate
from multiple levels and also bilaterally. Since com-
plete obliteration of the fistula is the primary goal of
surgery, angiographic documentation of all feeders is
critical if surgery is planned.

Several authors reported on long-term surgical re-
sults in Type I fistulas. Some 60—70% of the patients
improve, 25-30% are stabilized and 5-10% appear to
further deteriorate [28, 29]. After it had been recog-
nised that excision of the dilated venous complex is
not necessary, and that most patients improve after
the shunt is obliterated, some authors have recom-
mended that embolisation of the fistula should be
attempted first [26]. However, failure of embolisation
is not uncommon [18]. In view of these results, many
authors consider surgery as the treatment of choice in
spinal dAVFs, because surgery is more effective than
endovascular embolisation, which should be reserved
for nonsurgical candidates.

Radiosurgery is not an established method for spi-
nal dural fistulas. In analogy with the results on cranial
arteriovenous fistulas it appears likely that radiosur-
gery could be an effective modality. Whether introduc-
tion of this modality is useful in the light of the relative
simplicity of the surgical method appears doubtful.

Personal results

Since 1994 we defended the strategy of a primary
surgical therapy of cervical and thoracic dural fistulas.
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These fistulas were only embolised if the patients
wished a non-surgical mode of therapy and if there
was no spinal cord arterial supply from the feeder
artery. Lumbar and sacral fistulas were usually embol-
ised with isobutyl-cyanoacrylate (Histarcryl ™). A to-
tal of some 40 of these patients was managed between
1994 and 2003. The overall rate of recovery corre-
sponded to the data given in the literature. One third
of the patients did not recover satisfactorily. Further
deterioration was noticed in one patient. Three
patients had to be operated for recanalization after
embolisation and one surgical patient had to be re-
operated for residual fistula after surgery.
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Hemodynamic status and treatment of aggressive dural arteriovenous fistulas
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Summary

In this study the hemodynamic status and treatment modality of
aggressive dural arteriovenous fistulas (AAVFs) was evaluated.

Of 145 intracranial dAVFs treated in our clinic, there were 38 ag-
gressive lesions presenting with hemorrhage, infarction, seizures, and
symptoms of increased intracranial pressure. They included 3 (5%
of all cavernous sinus lesions) cavernous sinus, 24 (44%) transverse-
sigmoid and superior sagittal sinus, and 11 (46%) direct cortical types
of dAVFs.

Of these 38 aggressive lesions, retrograde leptomeningeal venous
drainage was disclosed in 35 lesions, and retrograde sinus drainage
in 3. Eighteen cases were treated only with endovascular procedures,
7 with surgical interventions, and 13 with combined endovascular
and surgical procedures. Angiographic results were complete obliter-
ation in 66% of the cases, subtotal and partial obliteration in 34%.
Clinical outcome was GR (good recovery) in 58% of cases, MD
(moderate disability) in 18%, SD (severe disability) in 13%, VS (veg-
etative state) in 8%, and D (death) (due to acute cardiac infarction) in
3%. Symptomatic procedural complication occurred in 3 cases.

In conclusion, aggressive dural AVF resulted from retrograde lep-
tomeningeal venous drainage. Combined surgical and endovascular
treatment played the leading part in the management of this aggres-
sive type of lesion.

Keywords: Dural arteriovenous fistula; endovascular treatment;
surgical treatment.

Introduction

Dural arteriovenous fistulas (AVFs) are a rare clini-
cal entity which accounts for 12% of intracranial arte-
riovenous malformations (AVMs) [14].

Unlike cerebral AVMs, dural AVFs are now con-
sidered an acquired lesion [4]. The etiology, however,
still remains unknown in most cases. Clinical symp-
toms of the patients relate greatly to the increased ve-
nous pressure, which is considered to be the essential
pathophysiology of this disease. It is well known that
dural AVFs sometimes behave aggressively depending
on the pattern of venous drainage [1], resulting in in-
tracranial hemorrhage, venous infarction, increased
intracranial pressure, and status epilepticus.

The purpose of this study is to evaluate the hemo-
dynamic status and treatment modality of these ag-
gressive dural AVFs.

Patients and method

Of 145 intracranial dAVFs which were treated in our clinic from
1990 to 2003, there were 38 aggressive lesions (26% of all cases)
which presented with intracranial hemorrhage, venous infarction,
convulsions, or progressive neurological deficits resulting from in-
creased intracranial pressure.

They included 3 cavernous sinus lesions (5% of all cavernous sinus
cases), 24 transverse-sigmoid and superior sagittal sinus lesions (44%
of cases in these locations), and 11 direct cortical type dAVFs (46%
of cases with this type) which included fistulas involving the convex-
ity (2 cases), anterior cranial base (4 cases), craniocervical junction (4
cases), and tentorium (1 case).

Patterns of venous drainage were evaluated, focusing particularly
on the retrograde leptomeningeal venous and retrograde sinus drain-
age (RLVD, RSD). Treatment modalities and results were also eval-
uated retrospectively.

Results (Table 1)

RLVD or RSD was observed in the preoperative an-
giogram in 60 of the 145 patients.

Among these 60 patients, 38 lesions showed the
aggressive course including intracranial hemorrhage
(24 cases), venous infarction (5 cases), seizures (3
cases), and symptoms of increased intracranial pres-
sure (6 cases). Thirty-five lesions were associated with
RLVD, and 3 lesions with RSD. No aggressive clinical
courses were observed in the patients not associated
with RLVD or RSD.

Of these 38 patients with an aggressive lesion, 18
were treated with endovascular procedures (transarte-
rial embolization (TAE), transvenous embolization
(TVE), or combination of these procedures), 7 were
treated solely with surgical intervention (discontinuing
the draining veins), and 13 with combined endovascu-
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Table 1. Angiographic and clinical features and results of treatment of 38 patients with aggressive dAVF

Case Age Sex Location Presentation Lraining Treatment % Complication GOS Remarks
pattern Obliteration
1 60 M ACB SDH RLVD operation 100 GR
2 65 M ACB ICH RLVD operation 100 GR
3 68 M ACB ICH RLVD operation 100 GR
4 58 M ACB ICH RLVD operation 100 VS poor basic
condition
5 73 M CG SAH RLVD TAE 20 VS poor basic
condition
6 52 F CGj SAH RLVD TAE 100 permanent #1 VS retroperitoneal
bleeding
7 65 M CG SAH RLVD TAE 50 permanent #2 SD NBCA
migration
8 52 M CG CI RLVD operation 100 SD
9 70 M CV CI RLVD TAE 100 MD
10 41 M CV ICH RLVD operation 100 MD
11 60 M  Tent SAH RLVD operation 100 MD
12 48 M CS ICH RLVD surgical TVE 100 SD
13 82 F CS ICH RLVD TVE 90 MD
14 69 M CS ICH RLVD TAE 90 GR
15 69 M SSS ICH RLVD (bil)  surgical TVE 100 GR
16 60 M TS ICH RLVD surgical TVE 100 GR
17 70 M TS ICH RLVD surgical TVE 100 MD
18 47 M TS ICH RLVD surgical TVE 100 SD
19 63 M  TS/SSS ICH RLVD (bil)  surgical TVE 90 D AMI 10 days
after treatment
20 66 M TS ICH RLVD surgical TVE 100 MD
21 56 F TS ICH RLVD TAE/operation 100 GR
22 78 F TS ICH RLVD (bil) TVE 100 SD  poor basic
condition
23 72 M TS ICH RLVD TAE 100 transient #3 GR  lower cranial
nerve palsy
24 7 M TS ICH RSD TVE 100 GR
25 61 M TS ICH RLVD TAE/operation 90 GR
26 87 F TS + SAH, RLVD TAE/TVE 50 MD  poor basic
confluence dementia condition
27 64 F TS CI RLVD surgical TVE 100 GR
28 67 M TS CI RSD TVE 90 GR
29 60 M  SSS drop attack RLVD (bil)  surgical TVE 100 GR
(CDH
30 70 M SSS/TS dementia RLVD (bil) TAE/TVE 50 GR
31 51 M TS (bil) dementia RLVD (bil) TAE 50 GR
32 82 F TS (bil) dementia RLVD/RSD TVE 50 GR
33 71 F TS dementia RLVD TAE/TVE 100 GR
34 53 M TS VI RLVD TAE 100 GR
35 74 M TS+ VI RSD TAE/TVE 50 GR
confluence
36 57 M SSS SE RLVD TAE 90 GR
37 75 M TS SE RLVD surgical TVE 100 GR
38 61 F TS SE RLVD surgical TVE 100 GR

SDH Subdural hematoma, /CH intracerebral hematoma, SAH subarachnoid hemorrhage, CI cerebral infarction, SE status epilepticus, V1
visual impairment, RLVD retrograde leptomeningeal drainage, RSD retrograde sinus drainage, TAE transarterial embolization, TVE trans-
venous embolization, 4 MT acute myocardial infarction, #/ Retroperitoneal bleeding, #2 PCA embolism due to NBCA migration, #3 lower
cranial nerve palsy.

lar and surgical procedures (11 surgical TVEs, and 2 eration in 6 (16%), partial obliteration in 7 (18%). Clin-
TAEs followed by surgical intervention). ical outcome was GR in 22 patients (58%), MD in 7

Angiographic results were complete obliteration in  (18%), SD in 5 (13%), VS in 3 (8%), and D in 1 (3%,
25 patients (66% of aggressive lesions), subtotal oblit- due to acute myocardial infarction). Thus, favorable
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angiographic results were obtained in 31 (82%), and
favorable clinical outcome in 29 (76%) patients.

Symptomatic procedural complications were ob-
served in 3 patients including one showing a transient
ischemic cranial nerve symptom after glue injection,
one suffering a permanent hemiparesis due to glue
migration to the parent vertebral artery, and the other
one with neurologic deterioration caused by a massive
retroperitoneal bleeding.

Discussion

The recent development of neuroendovascular tech-
niques enables us to treat dural arteriovenous fistulas
very safely and effectively. However, we have some-
times experienced complicated lesions which were not
easy to treat. These lesions sometimes behave aggres-
sively causing intracranial hemorrhage, venous infarc-
tion, seizures, and symptoms of increased intracranial
pressure. Hemodynamic features of these aggressive
dAVFs are quite essential to consider the symptoms
and evaluate the treatment modalities of this disease.

Aggressive clinical course

Dural AVF is a disease of which pathophysiology
is thought to be based on the abnormality of the ve-
nous side [13]. Its symptoms, therefore, are also related
with the abnormal venous conditions. Antegrade ve-
nous drainage usually does not behave aggressively,
only sometimes causing vascular bruit (pulsatile tinni-
tus) which is not basically life-threatening. As clearly
shown in this series, aggressive clinical courses re-
sulted from venous hypertension caused by retrograde
leptomeningeal venous or retrograde sinus drainage
(RLVD, RSD).

In a review of the literature, Awad et al. [1] have
clarified that leptomeningeal venous drainage, variceal
or aneurysmal venous dilatation, and galenic drainage
were significant factors as predisposition for this ag-
gressive neurological course. Brown, et al. [3] reported
a long-term follow-up study of 54 patients with dural
AVFs and concluded that a significant predictor for
intracranial hemorrhage was venous varix on a drain-
ing vein. Lesions draining into leptomeningeal veins
(RLVD) also had an increased occurrence of hemor-
rhage. There have been several reports [2, 5, 9, 15, 16]
where pure leptomeningeal drainage without involve-
ment of dural sinus (direct cortical type in our series)
was emphasized as a potential risk of bleeding. Sinus

occlusion is another potential factor to modify the ve-
nous drainage. Ishii et al. [11] identified a subgroup of
patients with a high risk of hemorrhage and dementia
due to a severe venous overload through occlusive
changes of transverse-sigmoid sinus. A recent report
clarified the annual risk of hemorrhage (8.1%) and an-
nual mortality rate (10.4%) in cases with long-term
persistent cortical venous drainage [6]. Rebleeding
risk (35% within 2 weeks) has also been emphasized in
the lesions with RLVD [7].

Treatment

Transarterial embolization (TAE) with glue is effec-
tive to reduce the arterial inflow, but it is sometimes
difficult to obtain complete and permanent oblitera-
tion of the shunt in this way. Transvenous emboliza-
tion (TVE) [10, 17] is now recognized as one of the
most effective and radical treatments of dural AVFs
and may be an alternative to standard surgical treat-
ment for many patients, particularly for the majority
of the cases with cavernous sinus lesion. However,
microcatheters sometimes cannot access the lesions
transvenously with isolated sinus and those with pure
leptomeningeal venous drainage without sinus in-
volvement (direct cortical type). These are exactly the
lesions causing the aggressive neurological course. We
reported the efficacy of the direct sinus packing [8] for
patients with isolated transverse-sigmoid sinus dural
AVFs, and surgical transvenous embolization [12] for
patients with cavernous sinus lesion draining only into
the cortical veins. It is well known that transvenous
catheterization is sometimes successful for lesions in
which no draining access route is opacified on the an-
giogram. But in cases of unsuccessful percutaneous
transvenous approach, the surgical TVE as reported
by us is very effective to access and cure the lesion.
We believe it plays the leading role in the management
of aggressive dAVFs.

Conclusions

1) Of 145 cases with intracranial dural AVF, there
were 38 aggressive lesions which presented with hem-
orrhage, infarction, seizures, and symptoms of in-
creased intracranial pressure.

2) Retrograde leptomeningeal venous drainage was
disclosed in most cases and thought to be a causative
factor of the aggressive behavior.

3) Half the patients were treated solely with endo-



126 N. Kuwayama et al.: Hemodynamic status and treatment of aggressive dural arteriovenous fistulas

vascular procedure, and the remaining patients were
managed surgically alone or with combined endovas-
cular and surgical procedures.

4) Treatment results and clinical outcomes were fa-
vorable in most cases of multimodal treatment.

5) The aggressive dural AVF should be treated
flexibly with endovascular, surgical, or combined pro-
cedures. The importance of teamwork between neuro-
radiology, neurology, neuroanesthesiology, and neu-
rosurgery should be emphasized.
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Carotid- and vertebral-stenosis

Conventional microsurgical endarterectomy
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Summary

In the 1990’s, carotid endarterectomy (CEA) has matured to a
widely performed, standard intervention with well defined successive
steps. The key feature of microsurgical CEA is the use of the operat-
ing microscope for magnification of the surgical field and microsu-
ture of the arteriotomy. Further measures contributing to the success
of microsurgical CEA include intraoperative monitoring of cerebral
blood flow, selective shunt placement and neuroprotection during
arterial cross-clamping. In experienced hands, the operation is not
difficult and goes without complication in the great majority of pa-
tients. An overall complication rate of 6—8% combining mortality,
major morbidity and minor morbidity is acceptable in view of the
often multimorbid patients undergoing the operation. However, a
rate of major morbidity/mortality not exceeding 1-2% is a realistic
goal for microsurgical CEA. On the long-term, the rate of restenosis
needing treatment should not exceed 1-2%. To preserve objectivity
and quality control of CEA, the clinical results should be assessed
independently of the surgeon by a neutral observer, ideally a neurol-
ogist.

Keywords: Carotid stenosis; carotid endarterectomy; microsur-
gery; operating microscope.

Introduction

Carotid endarterectomy (CEA) is a prophylactic
measure destined to decrease the risk of stroke in pa-
tients with atherosclerotic disease of the internal ca-
rotid artery (ICA). The best indication for CEA is
given in patients with a recently symptomatic, high-
grade carotid stenosis, in whom the risk of ipsilateral
stroke can reach 20-25% during the following 3 years
under best medical therapy [5, 9, 12]. Other indications
for CEA are asymptomatic high-grade stenoses [7, §]
and evidently symptomatic middle-grade stenoses [4].
The success of CEA depends upon the selection of pa-
tients and the rate of perioperative complications. The
best candidates for surgery are those with a high risk of
stroke under medical therapy and a low risk of compli-
cations after the operation [3, 13]. According to the

guidelines of the American Stroke Association, the
rate of perioperative complications should not exceed
6% for symptomatic stenoses and 3% for asympto-
matic stenoses [6, 11]. All benefit of the operation is
lost for the patient when the complication rate ap-
proaches 10%.

In this review, we present the key features of micro-
surgical CEA and examplify the advantages of the
operation on the basis of the results obtained in the
last 6 years at the Department of Neurosurgery of
the University Hospital of Bern, Switzerland.

Principles of microsurgical CEA

Microsurgery of the carotid bifurcation should be
performed in a quiet environment without any time
stress. Three principles can be advantageously ob-
served to create favourable conditions during the oper-
ation. The first principle consists in securing cerebral
blood flow on the side of CEA during arterial clamp-
ing. Continuous transcranial ultrasonographic mea-
surement of blood flow velocity in the ipsilateral mid-
dle cerebral artery can be used to determine the need
for an intraoperative shunt. A shunt is inserted be-
tween the CCA and ICA only in case of a clear de-
crease of flow velocity of more than 60% after ICA
clamping, indicating an insufficient collateral circula-
tion to the ipsilateral hemisphere. The second principle
consists in increasing the tolerance of the brain to is-
chemia. This can be achieved with a medicamentous
coma monitored by intraoperative EEG (burst sup-
pression). In the last years, intravenous propofol was
prefered to the classical barbiturate thiopental because
it induces less variations of blood pressure during the
different steps of the operation and allows a faster
recovery of anesthesia. We never observed neurotoxic
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Fig. 1. MR-angiographic example of carotid bifurcation recon-
struction using a primary continuous microsuture without patch.
After removal of the atherosclerotic plaque, exact restoration of the
anatomic contours of the bifurcation is obtained by microadaptation
of the vessel wall borders

effects of propofol during such a short intraoperative
administration. With the use of propofol and careful
manipulation of the carotid body, the systolic blood
pressure can be set at a constant value of 120-—
140 mm Hg independently of arterial clamping or
opening. As a last measure to protect the brain against
ischemia, a mild hypothermia of 33-34°C can be in-
duced during the time of clamping. With these dif-
ferent measures installed, temporary interruption of
blood flow to the brain can be maintained without
problem as long as deemed necessary to remove the
stenosis and recanalize the carotid bifurcation. This
introduces the third principle of microsurgical CEA,
which consists in the use of the operating microscope
with its wellknown advantages of optimal magnifica-
tion and illumination of the surgical field. After re-
moval of any residual fragments of the arteriosclerotic
plaques, the microscope enables an exact anatomic re-
construction of the carotid bifurcation using a primary
microsuture without patch (Fig. 1).

Steps of microsurgical CEA

Once very controversial, carotid surgery has ma-
tured to a widely performed, standard intervention
with well defined successive steps. In experienced

A. Barth

hands, the operation is not difficult and goes without
complication in the great majority of patients. The dif-
ferent steps of microsurgical CEA have been described
recently in details by J. E. Bailes [1, 2]. The first part of
the operation is performed macroscopically with the
help of surgical loupes. The patient is positioned su-
pine with the neck slightly extended and the head
turned to the opposite side. Potential difficulties in the
exposition of the carotid arteries should be anticipated
on the preoperative images by determining the exact
position of the carotid bifurcation in reference to the
cervical spine and by evaluating the medial or lateral
projection of the initial portion of ICA. Further im-
portant preoperative information concerns the length
of the stenosis and the presence of ulcerations. Prepa-
ration of the carotid vessels progresses from proximal
to distal along the medial border of the sternoclei-
domastoid muscle with successive dissection of the
CCA, superior thyroid artery, ECA, and finally ICA.
The proximal limit of dissection is usually given by
the omohyoid muscle and the distal limit by the digas-
tric muscle. The nerve and vessel supply to the sterno-
cleidomastoid muscle can be divided and the large
crossing veins of the neck ligated as encountered. In
contrast, the vagus and hypoglossal nerves along with
the ansa cervicalis are to be preserved. Intravenous
heparin (100 IE/kg) is administered at the beginning
of arterial manipulation. The ICA should be dissected
as high as possible in the neck, usually about 5 cm
above the bifurcation, proceeding laterally to the hy-
poglossal nerve. The stenosed portion itself is prepared
at the end, when distal control on the normal ICA is
secured, in order to reduce the risk of intraoperative
cerebral emboli. After induction of propofol coma,
the ICA is clamped first using a large temporary aneur-
ysm clip, followed by the CCA, ECA and superior
thyroid artery. The CCA is sharply incised proximally
to the bifurcation and the arteriotomy extended into
the ICA a few millimeters above the upper limit of the
plaque. If a shunt is necessary, 3 to 5 minutes can be
invested without risk of brain ischemia to insert the
distal end of the shunt well above the plaque into the
normal ICA. A slow careful shunt placement dimin-
ishes the risk of arterial dissection and also cerebral
emboli. The cleavage between arterial wall and athero-
sclerotic plaque can be identified in every case. After
gross removal of the plaque, the operating microscope
is used to systematically inspect the vessels of the bifur-
cation and to remove every residual fragment of
the plaque. At the distal end of arteriotomy, the transi-
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tion zone between endarterectomized and normal ICA
should be as smooth as possible to avoid postoperative
thrombosis. If necessary, tacking sutures can be ap-
plied on the intima. After brief opening of the clamps
on ICA and CCA, the exposed arterial wall is abun-
dantly rinced with heparinized saline. The arteriotomy
is closed with a tight continuous 6-0 monofilament su-
ture without patch beginning distally and progressing
proximally. Care is taken to adapt the muscularis me-
dia at every stich to insure watertightness and to avoid
postoperative rupture. Before complete closure, air is
expelled out of the bifurcation and the clamps are
removed in a standard fashion, beginning with the
ECA, then CCA and lastly ICA. In the rule, full hepa-
rinization is not antagonized at the end of the opera-
tion as careful hemostasis and a slightly compressive
dressing are sufficient to prevent postoperative wound
hematoma formation.

Postoperative care

Patients are evaluated neurologically immediately
after awakening and observed overnight in the re-
covery room for development of wound hematoma,
hypertension, or new neurologic deficits. Platelet anti-
aggregation is administered on a continuous basis. In
patients with preoperative oral anticoagulation, in-
creasing doses of heparin are given for 3 days before
resuming oral anticoagulants when wound healing is
stabilized.

Clinical results

Perioperative complications are defined as any ad-
verse events occurring during and up to 30 days after
the operation. Adverse events are usually classified as
mortality, major morbidity, and minor morbidity. Ac-
cording to ECST [10], major neurologic morbidity is
defined as a neurologic deficit persisting after 7 days.
Severe postoperative heart disease such as myocard in-
farction also belongs to the major morbidity of CEA.
In contrast, neurologic deficits lasting less than 7 days,
transient heart failure, and local complications count
as minor morbidity because of their transient nature.
From an epidemiologic point of view, the mortality
and major morbidity are the only important parame-
ters which determine the quality and the success of the
operation. To preserve objectivity and quality control
of CEA, it is mandatory that the clinical results are
assessed independently of the surgeon by a neutral ob-
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Table 1. Clinical results of microsurgical CEA ( Department of Neu-
rosurgery, University Hospital of Bern, Switzerland, 1998-2004)

- N Percent
Operated patients 321 100%
Overall complications 21 6.6%
Major complications 3 0.9%
Mortality 1 0.3%
Neurologic deficit > 7 days 1 0.3%
Severe heart disease 1 0.3%
Minor complications 18 5.7%
TIA, deficit < 7 days 4 1.2%
Transient heart failure 6 1.9%
Wound abscess, hematoma 4 1.2%
Recurrent nerve paresis 3 1.1%
Epileptic seizure 1 0.3%

server, ideally a neurologist. In our hospital, a neuro-
logic and ultrasonographic evaluation of all operated
patients is performed at hospital discharge and re-
peated 6 weeks later. The pre-, intra-, and postopera-
tive data are gathered prospectively and saved in a
data bank according to the guidelines of the local ethic
commission. During the last 6 years, 321 patients
harbouring a symptomatic or asymptomatic carotid
stenosis have been operated in our Department using
the described microsurgical method of CEA (Table
1). The exclusion rate was 5% and concerned patients
with severe preoperative neurologic deficits, dementia,
unstable heart disease, or a limited life expectancy.
During the first 30 days following the operation, one
patient died and two patients presented severe com-
plications, resulting in a combined major morbidity/
mortality rate of 0.9%. A transient minor complication
occurred in 5.7% of the patients. The overall combined
morbidity/mortality rate in our series was 6.6%, which
corresponds to the published standards [5, 7-9, 12].
During the observation period of 1998 to 2004, 1.5%
of the patients (5/321) presented a recurrent high-
grade stenosis of the operated carotid artery which
needed treatment by angioplasty and stenting.

Conclusions

The indications for CEA have been well clarified in
the 1990’s after the publication of several large multi-
centric randomized trials [5, 7, 9, 12]. An overall rate
of perioperative complications of 6—8% is acceptable
in view of the often multimorbid patients undergoing
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the operation. However, most of the complications
should remain of benign nature and the rate of com-
bined major morbidity/mortality should not exceed
1-2%. The principles of microsurgery can be advanta-
geously applied during CEA, particularly for patients
at high risk of neurologic complications.
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Surgical treatment for bilateral carotid arterial stenosis
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Summary

Carotid endarterectomy (CEA) is a beneficial procedure for pa-
tients with high-grade carotid stenosis. However, patients with bilat-
eral carotid stenosis have a higher surgical risk during CEA. Since
the introduction of carotid stenting (CAS) may decrease some of
the surgical complications of CEA, a combined treatment using
CEA and CAS may be favorable for patients with bilateral carotid
stenosis. We analyzed the safety and efficacy of this treatment strat-
egy. Eighteen patients with bilateral carotid stenosis were treated
from January 2000. Bilateral CEA was performed on the first two
patients, CAS then CEA of contra-lateral symptomatic side in 13
patients, and bilateral CAS in three patients. There were no perioper-
ative neurological complications or strokes during the follow-up pe-
riod (mean 17 months). The combined treatment of CAS and CEA
was a safe and effective strategy for bilateral carotid stenosis.

Keywords: Carotid endarterectomy (CEA), carotid artery stenting
(CAS), bilateral carotid stenosis.

Introduction

The North American Symptomatic Carotid Endar-
terectomy Trial (NASCET) demonstrated the highly
beneficial effect of endarterectomy (CEA) in patients
with high-grade carotid stenosis [1]. NASCET also
demonstrated that a contra-lateral carotid lesion in-
creases the perioperative risk of stroke associated with
a severely stenosed ipsilateral carotid artery, although
the long-term outcome of patients who had undergone
CEA was considerably better than that for medically
treated patients [2]. Since hemodynamic stroke of the
contra-lateral cerebral hemisphere during cross clamp-
ing of the carotid arteries and lower cranial nerve palsy
are major surgical complications of CEA, introduction
of carotid artery angioplasty and placement of stent
(CAS) may be a safer treatment. This study examined
the results of our combined CAS and CEA therapy for
patients with bilateral carotid stenosis.

Clinical material and methods

Patient population

Between January 2000 and December 2003, we surgically treated
219 patients with carotid stenosis. Surgical treatment (CEA or CAS)
was used for 1) angiographical severe stenosis (60% to 99% stenosis),
2) echographical severe stenosis (75% to 99% stenosis) and 3) symp-
tomatic stenosis with intra-luminal ulceration. CEA and CAS were
performed for 145 and 111 lesions, respectively.

Eighteen patients (8.2%; 16 male, mean age 71.1 years, range 56—
80) had bilateral carotid stenosis. For the bilateral stenoses, we
treated the symptomatic side first; except when high hemodynamic
risk was anticipated during CEA for the contra-lateral symptomatic
side; CAS was then performed first. Bilateral CEA were performed
in the first 2 cases, CAS before CEA in 13 cases, and bilateral CAS
in 3 cases.

CEA was performed under general anesthesia with the intra-
operative monitors of INVOS (Sa02), EEG, and SEP. Intra-
operative carotid arterial shunt was not used during cross clamping.

CAS was performed under local anesthesia. Pre-dilatation was
performed after distal protection was inserted in the internal carotid
artery, then a stent (Smart®) was placed. A balloon occlusion test
(BOT) of contra-lateral ICA was then performed for selective cases.

Representative cases and results

Case 1

A 76-year-old man with a history of hypertension
and hyperlipidemia developed left amaurosis fugax
and was referred to our hospital. His angiography re-
vealed bilateral internal carotid artery stenosis (Fig.
1A, B). Stenting was performed for the right internal
carotid artery stenosis. The angiography immediately
after stenting showed sufficient dilatation of the lesion
(Fig. 1C). Ten days later, CEA was performed for
symptomatic left internal carotid artery stenosis. The
CT angiography after CEA showed excellent dilata-
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tion of the lesion (Figure 1D). No complications oc-
curred during either of these procedures. A follow-up
angiogram six months after stenting showed no re-
stenosis. There were no ischemic symptoms during the
follow-up period.

Case 2

A 69-year-old man with a history of unstable angina
pectoris, hypertension, and hyperlipidemia developed
repetitive transient left hemiparesis. His MRI showed
multiple cerebral infarction. His angiography revealed
right internal and left common carotid artery stenosis
(Fig. 2A, B). Stenting was performed for the symp-
tomatic right internal carotid artery stenosis. One

Fig. 1. (A) Right carotid angiogram showing
asymptomatic stenosis of internal carotid artery.
(Arrow). (B) Left carotid angiogram showing
symptomatic severe stenosis of left internal carotid
artery. (Arrow). (C) Angiogram taken immedi-
ately after stenting shows sufficient dilatation of
the lesion. (Arrow). (D) A CT angiography after
CEA shows excellent dilatation of the lesion

week later, stenting was performed for asymptomatic
left internal carotid artery stenosis. The angiography
after stenting showed sufficient dilatation of the le-
sions (Fig. 2C, D). There was no periprocedural
complication.

Surgical results

Vascular dilatation

Stenosis of the carotid arteries was relieved in all
cases after CEA or CAS. Mean stenotic rates of the
carotid arteries were 82% in CEA cases and 65% in
CAS cases preoperatively. They were 0% after CEA
and 6% after CAS, respectively.
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Fig. 2. (A) Right carotid angiogram showing symptomatic
stenosis of internal carotid artery. (Arrow). (B) Left carotid
angiogram showing asymptomatic stenosis of internal ca-
rotid artery. (Arrow). (C) Angiogram taken immediately
after stenting shows sufficient dilatation of the lesion. (Ar-
row). (D) Angiogram taken immediately after stenting
shows sufficient dilatation of the lesion. (Arrow)

Character of the plaques of CEA cases

Symptomatic plaques in 13 cases showed intralu-
minal thrombi in 4, ulceration in 9, intraplaque
hemorrhage in 4, and calcification in 3. Asymptomatic
plaques in 4 cases showed one ulceration and one cal-
cification.

Surgical complications

There were no neurological deteriorations after
treatments, although diffusion weighted brain MRI
showed asymptomatic small ischemic lesions in three
of nine cases after CAS and none after CEA.

Palsy of lower cranial nerves was not apparent in
any of the treated cases.

Follow-up

Mean follow-up period of the surgically treated
cases was 16 months. Follow-up angiography was per-
formed in all cases at least six months after treatment.
No re-stenosis or recurrent stroke occurred during the
follow-up period (mean 16 months).

Discussion

Although CEA is highly beneficial in patients with
high-grade carotid stenosis, surgical indication for bi-
lateral carotid stenosis is still controversial [1, 2, 4].
When considering a treatment procedure for bilateral
carotid stenosis, the risk of hemodynamic stroke on
the contralateral side during surgery should be taken
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into account. To avoid this risk, it is sometimes neces-
sary to treat the asymptomatic lesion on the other side.
The treatment order of bilateral lesions is another im-
portant factor to be considered.

Since the introduction of CAS, treatment options
for carotid stenosis have changed. CEA is an establish
method, and its beneficial effect has been confirmed by
randomized studies. However, CEA represents a high
risk for patients with contra-lateral ICA lesion, distal
ICA lesion, higher level lesion, and other medical risk
factors [6]. On the other hand, CAS is a newly devel-
oped method, and its beneficial effects are not as estab-
lished as CEA. However, CAS may be performed for
such lesions with less risk. Safety of carotid percutane-
ous intervention has been improved by the introduc-
tion of carotid stenting with self-expandable stents
and distal embolization blocking system.

CAS has been routinely performed in clinical prac-
tice, especially in Japan. Since many Japanese patients
with carotid stenosis have higher cervical lesions com-
pared with European patients, special attention is
needed to avoid complications like lower cranial
nerve palsy in Japanese patients [7]. The timing of
contra-lateral CEA is also of concern when both ca-
rotid arteries are involved. Before the introduction of
CAS, bilateral CEA was performed at varying surgical
intervals. Many surgeons considered a delay of several
weeks appropriate in preventing complications such
as neurological deficits, nerve injuries, and vocal cord
paralysis and its resultant respiratory failure [5, 6].
CAS offers a great advantage in avoiding this life
threatening complication.

Although CAS is a less-invasive surgical method, it
may be a high risk treatment for soft plaque, eccentric
or tortuous lesion, and narrow residual lumen with

T. Tsukahara et al.: Surgical treatment for bilateral carotid stenoses

massive carotid plaque. Consequently, CEA should
be chosen for patients with these lesions.

Therefore, combined therapy using CAS and CEA
is benefical for patients with bilateral carotid stenoses.
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Summary

We report our experience with stenting for symptomatic vertebro-
basilar artery stenosis. One hundred and sixteen patients with verte-
brobasilar artery stenosis (101 vertebral ostial stenosis, 15 intra-
cranial vertebrobasilar artery stenosis) were treated with stenting.
Indication criteria of treatment were 1) symptomatic lesion, 2)
angiographical stenosis more than 60%. Under local anesthesia,
pre-dilatation was first performed, then stents were placed to the le-
sion. Successful dilatation was obtained in 115 cases. The stenosis
rate reduced to 2% post-stenting in ostial lesions and 16% in intra-
cranial lesions. Transient neurological complications developed in 2
patients. Follow-up angiographies more than 6 months after stenting
were performed in 94 patients with ostial lesions and all patients with
intracranial lesions. Of these, 8 patients (9.5%) with ostial lesions and
4 patients (27%) with intracranial lesions developed restenosis. All
patients with restenosis were treated successfully with PTA (percuta-
neous transluminal angioplasty). During the follow-up period, 3 pa-
tients developed recurrence of VBI (vertebro-basilar insufficiency)
symptoms due to restenosis. One patient developed brain stem in-
farction due to in-stent occlusion 8 months after stenting.

Conclusion. Stenting for vertebrobasilar artery stenoses is feasible
and safe. Prevention of restenosis, especially in intracranial arteries,
is the next problem to be solved.

Keywords: Stent; vertebrobasilar artery stenosis.

Introduction

In the treatment of vertebrobasilar artery insuffi-
ciency, medical therapy had been the mainstay of
treatment because of the high morbidity rate associ-
ated with surgical treatment [1, 7, 12]. Recently, percu-
taneous transluminal angioplasty (PTA) has evolved
to a viable treatment of these lesions. PTA, however,
sometimes induces wall dissection and elastic recoil,
which results in insufficient dilatation, or, on rare occa-
sions, abrupt closure. Furthermore, the restenosis rate
after PTA is high [3, 6, 10, 14]. Using stents may re-
solve these problems. We investigated the feasibility,
safety and outcome of stenting for vertebrobasilar
artery stenosis.

Stenting for vertebral artery ostial stenosis

Patients and methods

A total of 101 patients with symptomatic vertebral
artery ostial stenoses were treated with stenting in our
hospital between October 1997 and April 2004. These
patients consisted of 85 males and 16 females with a
mean age of 71.5 years (range 46—84 years). Indica-
tions for stenting were clinically symptomatic patients
having over 60% angiographical stenoses.

Procedure

Aspirin and ticlopidine were administered for at
least one week before treatment and one month after
treatment. In all but one case, the endovascular tech-
nique was performed via a transfemoral approach
under local anesthesia. After placement of femoral
artery access sheaths (§8F-25 cm or 6F-90 cm), heparin
was administered. During the procedure, the patient’s
activated clotting time was adjusted to greater than
250 seconds. A guiding catheter (90-100 cm in length,
8F in diameter) or an ultra-long sheath (90 cm
in length, 6F in diameter) with a coaxial catheter
(125 cm in length, 6F in diameter) and a guidewire
was guided to the subclavian artery just proximal to
the ostium of the vertebral artery. Firstly the lesion
was dilated with an undersized semicompliant balloon.
After predilatation, we evaluated the characteristics of
the plaque and the normal size of the vessels using in-
travascular ultrasound (IVUS). Then, an appropriate
stent was applied to the lesion. Balloon-expandable
type stents were used in all cases. After careful posi-
tioning, the stent was deployed. Figure 1 illustrates
what we consider to be the best position for stents. Re-
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Fig. 1. (a) Anteroposterior left subclavian angiogram demonstrating left vertebral artery ostial stenosis. (b) Angiography after stenting

showed excellent dilatation of the lesion

cently, we moderately over-dilated stents, ranging
from 0.3 mm to 1 mm. Follow-up angiography was
performed six months after stenting. Restenosis was
defined as greater than 50% stenosis.

Results

Successful dilatation, defined as less than 30% resid-
ual stenosis, was obtained in 100 of 101 cases (99%).
The stenosis rate, which was 81% pre-stenting, reduced
to 2% post-stenting. The angiograms just after stenting
did not show any wall dissections of lesions or any dis-
tal occlusions of major intracranial branches. Tran-
sient neurological complications occurred in 2 patients
(hemiparesis, visual acuity disturbance). No patients
experienced permanent neurological complications.
Follow-up angiographies more than 6 months after
stenting were performed in 94 patients. Of these, 8 pa-
tients developed restenosis (9.5%). All patients with
restenosis were treated successfully with PTA. As for
clinical symptoms, 58% of total patients improved 30
days after stenting. During the follow-up period, two
patients developed recurrence of transient VBI symp-
toms due to restenosis. No patients developed any
strokes in the posterior circulation.

Representative case

A 7l1-year-old man with a history of hypertension
and angina developed vertigo and hemiataxia and

consulted our hospital. MRI showed a left cerebellar
infarction and angiography showed right vertebral ar-
tery occlusion and left vertebral artery ostial stenosis
(Fig. 1 a). Ten days after admission, we performed
stenting for left vertebral artery stenosis. A guiding
catheter was positioned in the left subclavian artery.
After predilatation, a Palmaz stent (1 cm in length)
was applied to the lesion. Angiography after stenting
showed excellent dilatation of the lesion (Fig. 1 b). A
follow-up angiogram 6 months after stenting showed
no restenosis. The patient’s symptoms almost dis-
appeared 3 months after stenting.

Stenting for intracranial vertebrobasilar artery
stenosis

Patients and methods

Twelve patients with intracranial vertebral artery
stenosis and 3 patients with basilar artery stenosis
were treated with stenting. These patients included 12
males and 3 females, with a mean age of 68.2 years
(53-79 years). Indication for endovascular treatment
of intracranial arterial lesions was clinically symptom-
atic patients with over 60% angiographical stenoses.
In the treatment of intracranial artery stenosis, PTA
was firstly performed in all patients. Stenting was per-
formed only in cases with insufficient dilatation, dis-
section or restenosis after PTA.
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Fig. 2. (a) Anteroposterior left VA angiogram demonstrating stenosis of the left intracranial vertebral artery. (b) Angiography after PTA
showed wall dissection (arrow). (c¢) After stenting, the lesion was sufficiently dilated

Procedure

Stenting methods for these lesions were basically the
same as those for ostial lesions. Percutaneous access
was achieved via a femoral artery, where a 6F or 8F
sheath was introduced. A 6F guiding catheter was ad-
vanced up to the level of the second cervical vertebra.
Using a load-mapping technique, a 0.014 inch wire
was advanced to the second portion of one of the pos-
terior cerebral arteries. PTA was performed with a
2.0-3.0 x 9.0 mm coronary balloon. The stents we
used in intracranial lesions were flexible and had a
low profile (S670, S660 stent). Stents were expanded
to a diameter slightly less than the diameter of the
lumen of the normal distal artery. Angiographical
follow-up was performed 1 month, 3 months and 6
months after stenting.

Results

Technical success rate was 100% and complication
rate was 0%. The stenosis rate, which was 84% pre-
stenting, reduced to 16% post-stenting. Four patients
(27%) developed restenosis. All patients with resteno-
sis were treated with PTA successfully. In all, 80% of
patients were clinically improved 30 days after stent-
ing. Two patients developed transient episodes of VBI
due to restenosis within six months of stenting. One
patient developed in-stent occlusion 8 months after
stenting and 2 months after the 2nd PTA for resteno-
sis. This patient suffered a major stroke.

Representative case

A 78 year-old male with a history of hypertension
and diabetes mellitus presented with dizziness and
ataxia. MRI imaging revealed a small area of infarc-
tion within the left cerebellar hemisphere. His angiog-
raphy revealed left vertebral artery stenosis (Fig. 2 a).
Endovascular treatment was performed 3 weeks after
onset. A 6F guiding catheter was positioned at the left
vertebral artery. The lesion was crossed with a 0.014-
inch wire. PTA was performed with an undersized
semicompliant balloon (2.5 mm x 9 mm). Angiogra-
phy just after PTA showed wall dissection (Fig. 2 b).
Stenting was performed using an S660 stent with a
nominal diameter of 2.5 mm and a length of 9 mm.
The stent-deployment balloon was inflated to a pres-
sure of 10 atm (unconstrained diameter of 2.5 mm).
After stenting, the lesion was sufficiently dilated with-
out complications (Fig. 2 ¢). Follow-up angiography 6
months after stenting revealed no restenosis.

Discussion

Transient ischemic attacks of posterior circulation
are associated with a 22% to 35% risk of stroke in five
years, and infarction of the vertebrobasilar artery
carries a serious prognosis [2, 5, 16]. Although open
surgery, such as carotid-vertebral transposition, endar-
terectomy and bypass surgery, have been performed
for obstructive lesions of vertebrobasilar arteries, they
are technically demanding and fraught with complica-
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tions [12]. Medical treatment such as anticoagulation
and antiplatelet aggregation therapy does not consis-
tently benefit patients [24]. PTA for vertebrobasilar
artery stenosis was introduced in the early 1980s as an
alternative to surgery by Sundt et al. [13]. Its usefulness
has been limited by immediate complications includ-
ing elastic recoil, wall dissection and vessel rupture [3,
6, 10, 14]. These limitations have fueled interest in
treating these lesions by using stents. Theoretically,
stenting improves acute and long-term patency and re-
duces the risk of acute closure from dissection by trap-
ping plaque material between the stent and arterial
wall.

Stenting for vertebral artery ostial stenosis

The vertebral artery origin is easily accessible with
an endovascular technique, so PTA has become the
treatment of choice for these lesions since the 1980s
[3, 6]. The usefulness of PTA has been limited by
some factors. Arterio-ostial stenoses involving verte-
bral artery ostial lesions are more elastic than non-
arterio-ostial lesions. Therefore, these lesions are resis-
tant to PTA. The use of larger balloons in an attempt
to overcome recoil often results in dissection. The diffi-
culty in achieving an adequate dilatation of the verte-
bral artery origin with PTA only and the potentially
high restenosis rate have encouraged the use of stents
at this site. In our series, lesions were accessible to
stents in all cases. Successful dilatation was obtained
in all patients except the initial case. Since 2001, we
have performed moderate over-dilatation of stents
without any complications. Between 1997 and 2000,
the restenosis rate after stenting was 12%. Since 2001,
restenosis rate has been reduced to 4.5%. Moderate
over-dilatation of stents can be effective in preventing
restenosis at this site. The low restenosis rate and low
complication rate of stenting for ostial lesions may jus-
tify performing primary stenting for vertebral artery
ostial stenosis.

Stenting for intracranial vertebrobasilar artery

The tortuous nature of atherosclerotic intracranial
vertebrobasilar arteries has limited the use of stents in
this area. Although stent devices are less flexible and
trackable than PTA balloon catheters, the advent of
new-generation, flexible stents has enabled reliable
and atraumatic access to intracranial arteries [4, 8, 9,
11]. In our series, technical success was achieved in all

T. Hatano et al.

patients. The mean stenosis rate was reduced to 16%
after stenting in our patients, whereas other reported
series had greater than 40% mean stenosis after bal-
loon angioplasty [10]. Although this residual stenosis
rate after stenting was smaller than that of PTA for in-
tracranial arteries, it was greater than that of the ostial
lesions in our patients. Intracranial arteries are delicate
and thin-walled vessels, with a greater risk for rupture,
which can result in lethal bleeding [10]. Therefore, we
only under-dilate in these arteries, the relative under-
dilatation can prevent procedural complications, such
as subarachnoid hemorrhage. Indeed, the complica-
tion rate was 0% in our patients. This result was better
than that of reported series after PTA or stenting [4, 8—
11]. On the other hand, the restenosis rate after stent-
ing for intracranial lesions was high, accounting for
27% of total patients. We speculated that reasons
were due to the small diameter of intracranial arteries
and under-dilatation of stents. Prevention of restenosis
in the intracranial artery is the next problem to be
solved. Using self-expandable stents or drug-eluting
stents may be an answer to this problem.
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Extracranial-intracranial bypass

The ELANA technique: high flow revascularization of the brain
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Summary

High flow revascularization of the brain is hampered by the fact
that temporary occusion of a major cerebral artery is necessary to
create the distal anastomosis, which may result in brain ischemia.
The excimer laser-assisted non-occlusive anastomosis (ELANA)
technique circumvents this problem. In this paper we elucidate the
development of a non-occlusive way to make anastomoses to the
major cerebral arteries.

Keywords: ELANA technique; cerebral revascularization; vascu-
lar anastomosis; non-occlusive anastomosis; EC/IC bypass; IC/IC
bypass.

Introduction

The idea to increase the amount of blood flow to the
ischemic brain, bypassing any stenoses or occlusions,
seems so simple. However, it is still difficult to define
which group of patients, who are at risk for a major
stroke, will benefit from Extracranial-to-Intracranial
(EC/IC) bypass surgery. EC/IC Bypass surgery was
developed to improve the cerebral blood flow (CBF)
in patients with complete carotid occlusion or ICA
stenosis not amenable to extracranial endarterectomy.
The International randomized EC/IC Bypass Study
showed that the conventional EC/IC bypass, in which
the superficial temporal artery (STA) is connected to a
cortical branch of the middle cerebral artery (MCA),
does not prevent the occurrence of stroke or transient
ischemic attacks (TIAs) in patients with symptomatic
atherosclerotic lesions of the MCA and/or internal ca-
rotid artery (ICA) compared to a non-surgical treated
group [1, 2]. The most important critique on the study
concerned the evaluation of patients before exclusion
or inclusion and randomization in the study [4]. Apart
from the clinical criteria, the only additional examina-
tion consisted of bilateral carotid angiography. It is

therefore not surprising that a new EC/IC bypass
trial has been launched in which patients are examined
with more advanced techniques to measure the CBF
and the oxygen extraction of the brain [3]. Normaly,
changes in cerebral perfusion pressure (CPP) have little
effect on the CBF due to the autoregulation capacity
of the brain. If the CPP decreases the cerebral blood
volume (CBV) increases because of the autoregulated
vasodilation, thus preserving adequate CBF. Autore-
gulation fails when the capacity for vasodilation has
been exceeded and CBF begins to decline. At that
stage, the brain still has the capacity to extract more
oxygen increased oxygen extraction fraction (OEF)
when oxygen supply has decreased due to diminished
CBF. Sufficient augmentation of the blood supply
should increase the CBF and decrease the OEF.
However, the conventional STA-MCA bypass only
has a limited capacity to increase the blood flow to the
brain due to the relatively small size of both donor an
recipient bloodvessel. It is possible to create a bypass
with a higher capacity by choosing a larger donor ves-
sel, like the more proximal segments of the STA or the
external carotid artery (ECA), and/or to interpose a
large venous graft between donor and recipient vessel.
One of the advantages to use a cortical branch of the
MCA as recipient vessel, is that these branches usually
have many collaterals. Therefore, it is quite safe to
temporarily occlude such a branch in order to create
the distal anastomosis of the bypass, using the conven-
tional anastomosis technique originally described by
Carrel [5], and improved by Yasargil for use in EC/IC
bypass procedures [22, 23]. Even if there are no collat-
erals, the occlusion of a cortical branch creates tempo-
rary ischemia in only a very small part of the brain
which may not be clinically relevant. To make a very
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high capacity bypass to the brain, a larger (more prox-
imal) recipient artery should be chosen [7]. However,
these vessels do not have many collaterals, so occlu-
sion will create temporary ischemia in a rather large
portion of the brain. Patients at risk for cerebral ische-
mia usually use their collaterals already at maximum,
diminishing even further the window of time during
which the surgeon may create a conventional anasto-
mosis. Also, the risk of hyperperfusion after the cre-
ation of the bypass increases when choosing a more
proximal recipient vessel. So, in order to safely create
high flow bypasses to the brain and thus increase the
CBF, it is necessary to choose a large donor vessel
(i.e. the ECA), to use an interposing vein graft, and to
connect that graft to a proximal cerebral artery in a
non-occlusive way. In this paper we want to elaborate
on the techniques with which we have tried to create
such a bypass.

In 1902, Carrel described the principles for creat-
ing vascular anastomoses, which have hardly changed
during the last century [5]. The recipient artery is tem-
porarily occluded with two clamps. Between them, an
opening is cut into the wall. The end of the donor ves-
sel is connected to the recipient vessel with the endo-
thelial layers of both vessels closely approximated. Still
the backbone of modern vascular surgery, Carrel’s
technique has been highly successful. However, its in-
herent flaw is the temporary occlusion of the recipient
vessel. A critically ischemic area may become infarcted
during the procedure. As the brain is extremely depen-
dent on a continuous blood supply, Carrel’s techniques
are almost impossible to use on cerebral arteries. It is
therefore surprising that no attempts have been made
to develop a non-occlusive anastomosis technique,
apart from the animal experiments by Eck and Yahr
[6, 21].

Materials and methods

Twenty-five years ago we started animal experiments in order to
make high-flow revascularization procedures of the brain a safe and
effective procedure. First, the end of the donor vessel is connected to
the recipient artery using sutures, which pass through the wall of the
recipient artery superficially, and fully through the wall of the donor
vessel. Subsequently, a cutting device, which is introduced into the
donor vessel, is used to make a hole in the wall of the recipient artery,
leaving part of the adventitial and medial layers of the recipient
artery exposed to the blood stream. This is contrary to Carrel’s adage
that close approximation of the endothelial layers is an absolute pre-
requisite for a successful anastomosis, which may explain why so few
surgeons followed this line of thinking. Exposure of the other layers
of the blood vessel to the blood stream would lead to thrombus for-
mation and occlusion.
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Fig. 1. The ELANA technique. (A) A platinum ring is placed over
the end of the donor vessel. (B) The end of the donor vessel is then
everted over the platinum ring. (C) The donor vessel is fixated to
the platinum ring with several sutures, after which the excessive end
of the everted part is cut of. (D) The donor vessel is then attached to
the recipient vessel using sutures which pass the platinum ring, com-
pletely pass the wall of the donor vessel, and only superficially pene-
trate the wall of the recipient vessel. (E) The ELANA catheter is
introduced into the open end of the donor vessel, so that the tip
touches the wall of the recipient vessel inside the platinum ring. Vac-
uum suction is aplied, ensuring a firm fixation of the laser fibers to
the vessel wall. When the laser is activated, a full-thickness portion
(flap) of the wall of the recipient artery is cut out. (F) Due to the
continued vacuum suction, the flap is recovered when the catheter is
withdrawn from the now functional anastomosis

In many animal experiments we showed that non-occlusive anas-
tomoses will remain patent, thanks to 2 technical innovations [14, 17,
18, 20]. The first was the use of the Excimer laser (Fig. 2E) to cut a
full-thickness disc of recipient artery wall at the anastomosis site.
The laser catheter consists of two concentric circles of 60 micron fi-
bres arranged around the periphery of a thin-walled catheter with an
internal diameter of 2.0 mm. A small metal grid is mounted 0.5 mm
from the tip. The catheter is introduced into the donor vessel, so that
the tip touches the wall of the recipient artery (Fig. 1E). Vacuum is
then induced within the lumen of the catheter, causing a firm fixation
of the wall to the grid and the laser fibres. When the laser is activated
a full-thickness disc of recipient artery wall is cut out, creating a func-
tional anastomosis. The second innovation is the application of a
platinum ring with a diameter of 2.8 mm, which is attached onto
the end of the donor vessel (Fig. 1A, B, C). The donor vessel is then
connected to the recipient vessel (Fig. 1D), using sutures around the
platinum ring, which fully pass through the wall of the donor and
superficially pass the wall of the recipient artery. The effect of the
platinum ring is fourfold: 1) It flattens the wall inside the ring, which
facilitates the penetration of the laser tip over its full circumference;
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Fig. 2. Scanning electron microscopic (SEM ) images of 2 anastomoses (A, B, C, D) and an image of the ELANA catheter tip (E). In (A), the
inside of the posterior cerebral artery is shown at the site of the anastomosis with the bypass, three weeks after its construction (see text). The
bypass is coming towards the camera, and its lumen is clearly visible. A high magnification image of the edge of the vessel wall (B), which has
been ablated by the excimer laser (E) shows a smooth surface with re-endothelialization. Similar images of an anastomosis with the intracranial
internal carotid artery (C and D) were taken more than 5 years after its construction (see text). The laser edge is very well re-endothelialized in

the high magnification image (D)

2) The ring dictates the shape of the anastomosis, which is always
round with a diameter of 2.8 mm; 3) It guides the tip to the correct
position; 4) The ring prevents the tip from further entering the lumen
after penetration of the wall, because it stops the catheter at a circu-
lar protuberance, 1.5 mm from the tip.

Results

During the last seven years the excimer laser-
assisted non-occlusive anastomosis (ELANA) tech-
nique, has been applied in 170 patients with giant
intracranial aneurysms, skull base tumours, or pro-
gressive brain ischemia [12, 13, 15, 16, 19]. The long
term patency was 90% with an average flow in the
bypass of 150 ml/min. In one patient with a giant
aneurysm of the basilar artery we used the ELANA
technique twice to create a connection between the in-
ternal carotid artery and the posterior cerebral artery.
He died three weeks after the operation because of re-

spiratory failure. Angiography showed that the bypass
was patent and at autopsy both anastomoses appeared
fully endothelialised, which was later confirmed by
scanning electron microscopic evaluation (Fig. 2A,
with a high magnification in 2B). Another patient, in
whom we ligated the internal carotid artery after the
construction of a bypass because of a skull base tu-
mour, died 5 years later because of tumour recurrence.
The ELANA anastomosis was removed at autopsy
for scanning electron microscopy (Fig. 2C, with high
magnification in 2D). The anastomosis site was well
endothelialised and the rim of recipient artery wall
with the adventitial and medial layers had dis-
appeared.

Our group has published on the clinical results of the
ELANA technique in a small series of 15 patients with
a high risk of recurrent stroke with promising results
[8, 10]. We offer an ELANA EC/IC bypass procedure
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Fig. 3. Pre- and postoperative angiograms of the BA aneurysm and the bypass. In (C) the giant aneurysm is shown. The ECA-BA bypass is
shown from a lateral view in (A), and from a frontal view in (B). A closeup of the distal anastomosis to the BA is shown in (D). Note the small

platinum ring which has been attached to the distal BA

only to those patients who have ongoing symptoms
of cerebral ischemia, after unilateral or bilateral ICA
occlusion has been observed, despite antithrombotic
treatment and endarterectomy of a contralateral ICA
stenosis or ipsilateral ECA, and in whom the symp-
toms are likely to be of haemodynamic origin. An ex-
ception has been made for a patient who presented
with repeated episodes of vertebrobasilar ischemia be-
cause of vertebral artery occlusion and stenosis. An
ICA-posterior cerebral artery segment P1 bypass pro-
cedure was performed, effectively creating a new pos-
terior communicating artery [15]. All patients had a
proven hypoperfusion of the brain. In this very care-
fully selected group of patients we have been able to
create EC/IC and IC/IC bypasses to all proximal cere-
bral arteries of the brain, depending on the location
and extend of the occlusive vascular lesions. Several
times we could not proceed with the ELANA tech-

nique because of severe athereosclerosis of the ICA,
the proximal MCA, or the proximal ACA. We then
created a conventional EC/IC bypass to a non-
sclerotic cortical branch of the MCA, because using a
sclerotic recipient vessel may lead to rupture of the
anastomosis.

So, it is possible to consider every cerebral artery
as a recipient artery for bypass surgery. Recently, we
treated a patient with a giant VA-BA aneurysm (Fig.
3c), which was increasing in size during the last
months. The last two months our patient could not
continue his work as a policeman, and suffered from
progressive brainstem deficits with dysarthria, swallow
problems, vertigo and ultimately a tetraparesis. He
obviously had a bad prognosis, and we expected that
his life-expectancy would be very short. Clinically,
our patient did not tolerate bilateral VA occlusion, in
order to reverse the flow in the BA and thus preventing



The ELANA technique: high flow revascularization of the brain

the aneurysm from growing. Therefore, a “jump’ by-
pass was considered between the intracranial ICA and
the PCA, like the bypass made in the afore-mentioned
patient. We also considered making an ECA-PCA
bypass. Both bypasses should than supply sufficient
bloodflow to the posterior circulation, while ligation
of both VAs would reverse the flow in the aneurysm.
We started by occluding the left VA using two endo-
vascular balloons. Our patient tolerated this without
problems. We then operated him. Using a pterional
approach, we found that the BA-bifurcation was lo-
cated quite high, and the BA, distally of the aneurysm,
looked very healthy and accessible. Of course, creating
a conventional anastomosis to the BA was out of the
question. In the literature we could find only one
case under deep hypothermic circulatory arrest during
which a conventional anastomosis to the BA was made
[11]. The ELANA technique allowed us to attach a
venous graft to the BA through the small opening
formed by the ICA, the A1 and the optic nerve, with-
out occuding the BA. A nice flap of BA wall was re-
tracted and this anastomosis was used to create an
ECA-BA bypass, through which a flow of 55 ml/min
was observed. This flow was observed with the right
VA still open. We then ligated also this VA and the
flow through the bypass increased to 95 ml/min. Due
to the reversed flow in the aneurysm, there was now a
high chance that a thrombus will create within the
aneurysm, which hopefully would not occlude the BA
itself. BA occlusion, however, was not likely to occur
because of the continued flow to the PCAs, SCAs and
AICAs. Angiography showed that the bypass supplied
the posterior circulation (Fig. 3A, B, D), and our pa-
tient was improving and started to talk and move
his limbs. After the operation his condition stabilized.
There were signs of improvement. Two weeks later,
MRA and CTA scans showed progression of throm-
bus formation within the aneurysm. However, there
was also some progression of the neurological deficits.
Four weeks later, the patient suffered a fatal subarach-
noidal haemorrhage, which probably originated from
the remnant of the aneurysm.

Discussion

The ELANA technique is an additional tool in the
neurosurgical armamentarium. It can be used to attach
blood vessels to otherwise inaccessible cerebral vessels,
creating high flows. Whether to use this technique in
patients endangered for stroke is still undefined. We
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have selected only those patients who have suffered
multiple TIAs or minor stroke due to ICA occlusions
inaccessible for endarterectomy, and who have a
proven hypoperfusion of the brain. The results of the
new EC/IC bypass trial might show that even more
patients will improve when treated with revasculariza-
tion techniques.

Various techniques to apply the platinum ring onto
the recipient vessel are under investigation. The latest
developments in our laboratory concentrate on the
possibility of making a facilitated sutureless ELANA.
The first results of animal experiments on rabbits using
this method look very promising.
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Summary

Over the past 6 years we at the Neurosurgery Department in
Zirich have had the opportunity to manage increasing numbers
of patients, especially children, with Moyamoya angiopathy. With
increasing awareness of presence of this angiopathy in Europe the
number of referrals from all across Europe is constantly on the in-
crease. We have also been able to readdress the presence of the entity
of Moyamoya angiopathy i.e. both the Moyamoya disease and the
Moyamoya syndrome in the European population. Thorough pre-
surgical workup is mandatory for evaluation of surgical candidates
for the type of effective revascularisation procedure and therefore
for their successful management. Apart from scrutinizing the routine
yet indispensable presenting symptomatology with clinical examina-
tion of the patients, our preoperative diagnostic workup mainly con-
sists of a 6 vessel cerebral angiography, cerebral perfusion studies
with HMPAO-SPECT and H}’O-PET examinations and transcra-
nial Doppler. Longterm follow-up of these patients is indispensable
and of great interest to us in terms of etiology and progression of the
disease process as well as the choice of effective revascularisation
procedure especially in our European population.

Keywords: Moyamoya; angiopathy; syndrome; extracranial-
intracranial EC-IC bypass; anastomosis; indirect revascularisation.

Introduction

Moyamoya disease or as officially termed in Japan
as the spontaneous occlusion of the circle of Willis
was first described in 1955 by Takeuchi and Shimizu
[13]. Their first case described in the literature demon-
strated a unique and typical angiographic presentation
consisting of a bilateral stenosis of the intracranial
ICA beginning at the terminal portion of the ICA
with formation of an abnormal vascular network of
collaterals in the basal ganglia resembling “a puff of
smoke drifting in the air” and hence the coining of the
name Moyamoya, which in Japanese means so. This
disease entity has long been believed to exist in preve-
lance in Japan and south east Asian countries [1, 14].
Our own present experience, as described in this re-
port, shows an increase in the number of cases detected

all across Europe, as is observed with the progressive
increase in the number of patients referred to us for
surgical management from several European centres.
The combination of the Moyamoya disease i.e. the
presence of the positive angiographical findings as
mentioned above, in combination with other rare
congenital or acquired systemic diseases is termed the
Moyamoya syndrome (Table 1) [15-17]. For simplifi-
cation we have coined the term referred to as the
“Moyamoya angiopathy” including both the Moya-
moya disease and the Moyamoya syndrome form of
presentation. We present our pre- and postoperative

Table 1. Summarises the different congenital and systemic diseases
accompanying the Moyamoya angiopathy and hence classification
into the Moyamoya syndrome

Systemic and congenital diseases in Moyamoya Syndrome

Pts. Age in
years

1 17 Grange Syndrome

2 13 Compound Haemoglobinopathy

3 4 G6PD Dehydrogenase deficiency

4 5 Protein S deficiency

5 10 Trisomy 21

6 17 Neurofibromatosis type 1

7 12 Neurofibromatosis type 1

8 11 Trisomy 21

9 6 operated for PDA, pupillary sphincter dysplasia
10 4 operated for PDA, pupillary sphincter dysplasia
11 5 Neurofibromatosis type 1
12 5 Morning glory optic disc anomaly
13 11 Factor V deficiency, compensated cardiac

valvular defect

14 7 Neurofibromatosis type 1
15 25 Haemolytic anaemia
16 42 Neurofibromatosis type 1, inicidental

aneurysms, pituitary adenoma

PDA Patent ductus arteriosus.



150

management experience in this European patient pop-
ulation.

Materials and methods

Fourty two patients were diagnosed and managed with the diag-
nosis of Moyamoya angiopathy from 1997 to 2003 at the neurosur-
gical Department of the University Hospital in Ziirich. These pa-
tients were referred from all across Europe as well as were from
within Switzerland. Majority of them were of European-caucasian
origin, two patients were of Asian and 1 of Arabic parentage. Preop-
erative evaluation was carried out with clinical examination, 6 vessel
cerebral angiography, hemodynamic studies of HMPAO-SPECT
and/or HJ’O-PET and transcranial Doppler. Depending on the
extent of angiopathy on the 6 vessel cerebral angiography and the
territorial hemodynamic perfusion deficits in the region of middle
cerebral MCA, anterior cerebral ACA and posterior cerebral artery
PCA, a combination of direct and indirect revascularisation was un-
dertaken. Postoperative follow-up ranged from 3 months to 2 years.

Results

Preoperative examinations

There were 29 children (average age 8 years) and 13
adults (average age 38 years). Moyamoya disease was
seen in 26 of the patients (11 adults vs 15 children) and
Moyamoya syndrome in 16 patients (2 adults vs 14
children). The major disease syndromes presenting
in combination with the moyamoya angiopathy and
hence termed the Moyamoya syndrome are presented
in Table 1. Preoperative clinical symptomatolgy con-
sisted of repeated TIAs in 32 patients, focal epileptic
seizures in 7, cognitive deficits in 9 and simple head-
ache on a daily basis in 5. Focal ischemic/infarct
changes were seen on preoperative CT/MRI in all but
3 patients. These were mainly seen in the child Moya-
moya group. Only 2 of the adult patients presented
with an initial presentation of hemorrhage in the basal
ganglia region. Typical angiographic changes of bilat-
eral carotid stenosis/occlusion with basal moyamoya
collateral formation was seen in 37 patients. In one
case unilateral ICA stenosis was seen and in another 2
cases a unilateral ICA stenosis was accompanied with
contralateral ACA and MCA stenosis with bilateral
Moyamoya collaterals. Two patients with Moyamoya
syndrome presented with atypical angiographical
changes of bilateral ICA stenosis at the level of ICA bi-
furcation with additional cholidoectatic dilatation of
the ICA in the petrosal part and absence of typical
Moyamoya collaterals. In seven patients the posterior
circulation PCA was also affected angiographically.

N. Khan and Y. Yonekawa

Table 2. Surgical revascularisation: direct and indirect revascularisa-
tion procedures

Direct Bypass

STA-MCA n = 42, 36 bilateral (Angular A., Prerolandic A.,
Posterior parietal A., Posterior temporal A.) Posterior auricular
artery and Occipital artery used in 2 and 1 case respectively
where STA was not suitable

STA-ACA n = 17, 2 bilateral (Middle internal frontal A.)

STA-PCAn=1

Indirect Revascularisation

Frontal durasyangiosis n = 32

Fronatal durasynangiosis with dura-periost n = 12

Frontal arteriosynangiosis n = 4

Arteriosynangiosis with Occipital artery n = 3

Occipital durasynangiosis n = 1

Preoperative hemodynamic studies with SPECT and
PET were performed in all patients. The perfusion re-
serve deficits after a Diamox challenge in the respective
arterial territorial distribution of the middle (MCA),
anterior (ACA), and the posterior (PCA) cerebral ar-
teries was taken as the main parameter in the surgical
decision making process of the number and location
of the revacularisation procedures to be performed
(Table 2).

Bilateral classical superficial temporal artery to
branch of middle cerebral artery (STA-MCA) bypass
was performed in all patients. In 36 patients this was
performed bilaterally. The parietal branch of the STA
was anastomosed end to side with either the angular,
prerolandic, rolandic, posterior parietal or temporal
branches of the MCA. Occipital artery (OA) was used
in one case instead of the STA and in 2 cases the poste-
rior auricular artery was the donor vessel due to the
small calibre of the STA. Additional STA-ACA anas-
tomosis was performed in 17 patients using the middle
internal frontal branch of the ACA. OA-PCA direct
anastomosis was performed in the sitting position in
only one case. In cases where the donor vessel was not
available or of too small a calibre or length indirect
anastomosis using the durasynangiosis or arteriosy-
nangiosis technique was performed in the frontal (32
patients) and occipital regions (4 patients).

Postoperative follow-up:

Was performed at 3 months postoperatively in all
patients. Additional follow-up has been carried out to
upto 2 years (mean follow up range 3 months to 2
years). Four patients await follow-up. Twenty eight of
the 38 patients had a good outcome (no further TIAs,
stroke or seizures, no headaches, improvement in cog-
nitive functions in 5/9 patients), fair outcome was seen
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Fig. 1. (a—c) lateral external carotid angiography showing the arterial filling in the MCA
and ACA arterial distribution territories after STA-MCA, OA-MCA and STA-ACA
direct end to side anastomosis. Direct anastomosis (arrows): (/) STA-MCA, (2)

¢ OA-MCA, (3) STA-Candelabra, (4) STA-ACA

in 8/38 patients (fewer TIAs, less headache episodes,
improvement of speech function, repeat hemorrhage
in one adult patient). Acute postoperative clinical
worsening was seen in one patient with contralateral
ischemia and in another patient with contralateral
MCA territorial infarct with massive cerebral edema
resulting in death in this patient. Postoperative angiog-
raphies performed at 3 months demonstrated func-
tional and effective direct anastomosis, as seen with
arterial filling in the distribution territories of the re-
spective cortical arteries (STA-MCA, STA-ACA) as
seen in Fig. 1. The noticeable effect of indirect durasy-
nangiosis and arteriosynangiosis was not always seen
at 3 months hence demonstrating the immediate effect
and usefulness of a direct anastomosis compared to the
indirect method of revascularisation. Improvement of
cerebral perfusion reserves on postoperative diamox
challenge H}°O-PET examinations was seen in 68%

of the patients with unchanged perfusion reserves in
the rest of the patients. No worsening of perfusion re-
serves, nor any steal phenomenon were observed.

Discussion

Over the past few years we have developed a sys-
tematic presurgical workup protocol for patients with
Moyamoya angiopathy at our neurosurgery Depart-
ment of the University hospital in Ziirich directing us
in the planning of the optimal surgical procedure for
each individual patient. In recent literature on Moya-
moya angiopathy the direct and indirect methods of
revascularisation have been extensively reported and
compared with each other [2-12]. In our present expe-
rience the direct EC-IC bypass cerebral revascularisa-
tion procedure is and remains the gold standard in the
management of Moyamoya angiopathy in children
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and adults. Also multiple, direct EC-IC bypass proce-
dures are advocated and performed when possible.
The choice of the number of bypasses to be performed
depends greatly on the preoperative angiographical
staging and most importantly on the cerebral hemody-
namic reserve capacities measures with HJ°O-PET
examinations. When a direct bypass is technically
not possible (unavailability of or too small donor or
cortical vessel calibre) indirect revascularisation proce-
dures like durasynangiosis, arteriosynangiosis are per-
formed. The cerebral perfusion status in the frontal
region needs special attention. Since Moyamoya in
children younger than 5 years with repeated frontal
ischemia can be devastating in terms of mental and
cognitive development, prevention of severe mental re-
tardation therefore justifies early surgical intervention
in the frontal region. The role of direct surgical revas-
cularisation of the anterior circulation is therefore to
be further developed and customarised [7, 12].

Conclusion

Our present experience provides evidence for the
need of early detection of the Moyamoya angiopathy,
especially in children, and the usefulness of multiple
direct microanastomosis for effective revascularisa-
tion in the affected ACA, MCA and PCA regions of
interest. This supports the revival of the long forgotten
direct extracranial — intracranial EC-IC bypass proce-
dure and hence the importance and indispensable role
of microsurgery per se and the need for its continuing
use in further training in neurosurgery.
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Summary

The purpose of this study was to analyze the suitability of the
cerebral vasculature of the pig regarding a revascularization proce-
dure.

In two 60 kg pigs the femoral artery was exposed and canulated
for selective angiography and interventional procedures. After the
angiography, the pigs were brought to the animal OR for craniot-
omy and analysis of the intracranial cerebral arteries and the surgical
exposure of the carotid arteries under the microscope.

Angiography demonstrated the presence of a true internal-, exter-
nal carotid artery and vertebral arteries. Both the vertebral and inter-
nal carotid arteries are feeding a rete mirabilis both at the cranial
base and the cranio-cervical junction. At these sites further advance-
ment of the angiography catheter was not possible. Out of these rete
mirabilis, an intracranial carotid artery and an intracranial vertebral
artery were formed, respectively. The intracranial cerebral vessels
were of the dimension of 1 mm and less. The extracranial portion of
the internal carotid artery was 2.5 mm of diameter.

From these findings, we conclude that a direct cerebral revascula-
rization procedure of the intracranial vessels is not possible in the
swine. However, a global revascularization procedure on the extrac-
ranial portion of the internal carotid artery is thus feasible, both
using a low- and high-flow anastamosis technique.

Keywords: Cerebral revascularization; model; pig; angiography;
anatomy.

Introduction

Cerebral revascularization is being performed in
patients with moyamoya disease by using a direct
extracranial-intracranial (EC-IC) anastomosis tech-
nique [7]. Further cerebral revascularization is indi-
cated in patients suffering of large blood vessels
anomalies such as aneurysms or carotid occlusion [6,
10]. In these patients a direct high-flow anastomosis
technique may be necessary by using a technique with-
out any temporary occlusion. The development of new
diagnostic techniques such as the 'O, extraction
method in the positron emission tomography (PET)

has led to the analysis of patients having a hemody-
namic compromise. Patients with clinical symptomatic
carotid occlusion and increased hemispheric oxygen
extraction fraction (OEF) > 1.130 may benefit of a
surgical revascularization procedure [1, 2, 9]. In ongo-
ing multicenter studies in Japan (Japanese Carotid
Atherosclerosis Study: JCST) [2] and the United States
(carotid occlusion surgery study: COSS) [2] [4] patients
are being recruited. The recent reports of the interim
analysis in both studies are in favour for the combined
surgically and medically treated group [8].

The possibility of measuring the OEF prior and
after a revascularization procedure has led to the idea
of comparing two surgical procedures, such as a stan-
dard EC-IC bypass and an excimer laser assisted non-
occlusive anastomosis (ELANA)-technique, which is
basically an immediate high-flow anastomosis without
any temporary occlusion [5]. An appropriate animal
model is thus necessary. The literature of the cerebral
vasculature of the pig was however not conclusive
on the exact anatomy and blood flow territory of the
internal carotid artery [3] and the role of the rete mira-
bilis at the cranial base.

Prior to starting any PET and revascularization
study, the exact anatomical situation and possible
operative and interventional approaches need to be
defined.

Materials and methods

Two 60 kg pigs were sedated with atropine, xylazine and ket-
amine. An intravenous line was placed in the ear. Anesthesia was
initiated with thiopentone and the animals were then intubated
and ventilated. Anesthesia was maintained with fentanyl and thio-
pentone. The femoral artery was surgically exposed and canulated
with a 6 french catheter sheath for selective angiography and inter-
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ventional procedures. Thereafter, the animals were transported to
the angiography-suite (CAS500, Toshiba Ltd. Japan, Matrix
1024 x 1024, biplanar).

The following procedures were performed in Pig 1

Selective angiography of the truncus bicaroticus,
common carotid, right internal and external artery,
left internal and external carotid artery was performed.
Thereafter, both vertebral arteries were selectively
canulated. The animal was then transported to the an-
imal operating theatre. A right sided craniectomy to
the skull base was performed. The dura was opened
and the brain was exposed. From the cranial base, the
intracranial portion of the internal carotid artery, fol-
lowing the rete mirabilis, was exposed and followed to
the first bifurcation.

The following procedures were performed in Pig 2

After selective angiography with a microcatheter,
the left internal carotid artery was occluded with coils
up to the rete mirabilis. Thereafter a left external ca-
rotid angiogram was performed, followed by canula-
tion of the right internal carotid artery and occlusion
with coils. The occlusion was documented and collat-
erals from the external carotid artery were assessed by
a control angiogram of the common carotid artery.
Next, the vertebral artery was catheterized and a verte-
brobasilar angiogram was performed. The animal was
then brought to the animal operating theatre. On both
sides the common carotid, internal and external ca-
rotid arteries were exposed. Finally, the arteries were
excised including the intravascular coils.

Intraoperativ images were performed using a digital
camera (Sony DSC-T1 and Nikon Coolpix 990). The
images were processed using Corel Draw® (Corel-
Draw 9.0, Ottawa, Canada).

Results

The pig has a truncus bicaroticus which splits into a
left and right common carotid artery. The common
carotid artery divides into an internal and external
carotid artery. The internal carotid arteries supply the
major part of the brain except the brain stem and the
cerebellum. The extracranial portion of the internal
carotid artery ends in a rete mirabilis, which is a sort
of vascular sponge out of which forms the intracranial
portion of the internal carotid artery.
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The intracranial portion of the internal carotid ar-
tery then divides into the caudal communicating artery
and the end-segment of the internal carotid artery. The
first branch leaving the internal carotid artery is the
caudal communicating artery. The internal carotid
artery then turns rostrally to give off several smaller
middle cerebral arteries. From this point, the artery is
called rostral cerebral artery (Figs. 1 and 2).

The extracranial vertebral artery also ends in a
caudal rete mirabilis just at the cranio-caudal junction
before entering the dura. This caudal rete mirabilis is,
however, not as prominent as the rostral one. Out of
this caudal rete mirabilis results an intracranial verte-
bral artery which then gives rise to the basilar artery
together with the contralateral vertebral artery (Fig.
1d).

Selective angiography of the extracranial portion of
the internal carotid artery showed ““primitive” arteries
between the internal carotid arteries and the basilar
artery (Fig. 1b).

Angiographic dimensions of the extracranial and
intracranial vessels

The extracranial internal carotid artery measured
2.5 mm in diameter at the bifurcation. Before entering
the rete mirabilis the internal carotid artery measured
2 mm. The internal carotid artery following the rete
mirabilis was of the dimension of 1 mm in diameter
(Fig. 1b). The diameter of the rostral artery and the
caudal communicating artery was of 0.5 mm and
0.4 mm respectively. The intracranial vertebral artery
and basilar artery diameters were below 1 mm.

Coil occlusion of the internal carotid arteries

After occlusion of the left internal carotid artery
with coils, a strong collateralization via the rete mira-
bilis from the right side was seen (Fig. 1¢). After occlu-
sion of both internal carotid arteries, the vertebral an-
giography showed a fine contrast filling in the anterior
circulation via the caudal communicating artery. The
external carotid angiogram showed that it is not in-
volved in the perfusion of the brain except with a tiny
contrast filling over an ethmoidal anastomosis. The
ophthalmic artery splits off from the external carotid
artery. Selective injection of the vertebral artery after
occlusion of both internal carotid arteries leads to a
contrast filling of the caudal communicating arteries
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Fig. 1. (a) Lateral left internal carotid angiogram showing the rete mirabilis, the caudal communicating artery and the intracranial carotid
artery. (b) Anterior-posterior left internal carotid artery angiogram showing the primitive artery, the rete mirabilis and the middle cerebral ar-
tery branches. (c) Anterior-posterior right common carotid angiogram after coiling of the left internal carotid artery: showing the cross-flow
over the rete mirabilis. (d) Anterior-posterior right vertebral angiogram after coiling of both internal carotid arteries: showing the right verte-
bral artery, the anterior spinal artery, the basilar artery, the caudal communicating artery and the internal carotid artery
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Fig. 2. (a) Intraoperative view of the internal carotid splitting into
the caudal communicating artery and the end-segment of the internal
carotid artery. (b) Operative exposure of the common carotid, inter-
nal and external carotid arteries. This exposure is suitable for per-
forming a high flow anastomosis, using for example the excimer laser
assisted high-flow anastomosis technique. The schematic bypass is
shown in green. In this exposure, the occlusion of the carotid artery
is induced by coiling of the vessel lumen

and thus the middle and anterior cerebral arteries (Fig.
1d).

Intraoperative situs

Rightsided craniectomy

The craniectomy or craniotomy is a laborious bony
work, to finally reach the dura. After opening of the
dura under the operating microscope and retraction
of the brain, the intracranial carotid artery was dem-
onstrated, as well as its branches. These vessels were

M. Reinert et al.

extremely fine, with a diameter of 1 mm for the intra-
cranial carotid artery (Fig. 2a).

Preparation of the carotid arteries

The preparation of the carotid arteries was techni-
cally achieved without any complications. The com-
mon carotid artery was 3.2 mm in diameter, depend-
ing of manipulation and thus vasospasm. The internal
carotid artery at the bifurcation site was 2.5 mm in
diameter (Fig. 2b).

Discussion

The purpose of this study was to find out if a swine
model is suitable for a cerebral revascularization pro-
cedure. The specific aim was to assess the swine as a
possible model to test the difference between two by-
pass techniques: the standard EC-IC bypass and the
Excimer laser assisted non-occlusive anastamosis tech-
nique (ELANA). Therefore, this study of the intracra-
nial blood vessel situation and dimensions was per-
formed as the situation could not be clarified from the
accessible literature.

Four new findings were observed in this study,
which were previously not expressly stated. First, the
rete mirabilis can not be passed by a selective angio-
graphic microcatheter. Second, the external carotid
artery does not participate in the cerebral perfusion.
The third finding is that the intracranial anatomical
situation is such that a microvascular anastomosis
technique is at the limit of the technically possible,
and certainly not suitable for an ELANA-Bypass pro-
cedure. The fourth finding is the difference of the diam-
eters of the internal carotid artery prior to and after the
rete mirabilis, eventhough there were no other vessels
leaving the rete mirabilis. We hypothesize that this
may only be possible if the rete mirabilis has a sort of
balloon function, where a pulsatile blood flow con-
verges into a more continuous blood flow. A higher
flow rate could also be possible but is less probable to
our view since the blood pressure decrease over the rete
mirabilis must be considerable.

An experimental revascularization procedure can,
however, still be considered in the swine, by perform-
ing a bypass on the extracranial portion of the internal
carotid artery. By doing this we could test the differ-
ence in OEF using a low-flow versus a high-flow by-
pass technique. The practicability of this new setup
will be tested in another series of pigs.
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Summary

We investigated the availability of superficial temporal artery
(STA) duplex ultrasonography (STDU) for evaluating the improve-
ment of cerebral hemodynamics after extracranial-intracranial
(EC-IC) bypass. This study included 56 consecutive patients who un-
derwent EC-IC bypass for occlusive disease of their cerebral arteries.
STA duplex ultrasonography (STDU) was performed to measure the
flow velocity, pulsatility index, and diameter of ipsilateral STA be-
fore and 14 days after EC-IC bypass. Regional cerebral blood flow
(rCBF) and acetazolamide (ACZ) reactivity of ipsilateral MCA ter-
ritory were evaluated by quantitative single photon emission com-
puted tomography. The mean flow velocities of ipsilateral STA
were significantly higher (p < 0.0001) and PI value was significantly
lower (p < 0.0001) 14 days after EC-IC bypass than before. The di-
ameter of ipsilateral STA was also larger 14 days after EC-IC bypass
than before (p < 0.0001). STA mean flow velocity was significantly
correlated with the rCBF 14 days after EC-IC bypass (R = 0.55,
p < 0.0001). The post-surgical STA mean flow velocity cut-off value
over 58.2 cm/sec yielded the highest diagnostic accuracy (sensitivity,
75%; specificity, 74%) for excellent rCBF value (=40 ml/100 g/min)
after EC-IC bypass. The ipsilateral STA mean blood flow velocity is
a highly sensitive parameter for predicting rCBF in the ipsilateral
MCA territory after EC-IC bypass.

Keywords: EC-IC bypass; duplex ultrasonography; cerebral blood
flow.

Introduction

Extracranial-intracranial (EC-IC) bypass surgery is
a well known method to increase the regional cerebral
blood flow (rCBF) and to improve the cerebral hemo-
dynamic failure [7]. The randomized trial on strictly
selected patients with severe cerebral hemodynamic
failure has just been finalised in Japan (Japan EC-IC
bypass Trial: JET study). In the interim report of JET
study (JET Study Group, personal communication),

EC-IC bypass was effective in reducing major stroke
or death for 2 years after surgery for patients with se-
vere hemispheric hemodynamic failure due to cerebral
artery occlusive disease [4].

After an EC-IC bypass procedure, patients should
be required to undergo postoperative evaluation
whether cerebral hemodynamics have improved.
Since single photon emission computed tomography
(SPECT) and positron emission tomography (PET)
for the measurement of cerebral hemodynamics are
expensive, complicated, and time consuming, they
may not be appropriate modalities to use repeatedly
after EC-IC bypass.

Arakawa et al [1] reported for the first time the
availability of STA flow velocity measured by duplex
ultrasonography for evaluating the extent of the collat-
eral flow through STA-MCA anastomosis. They indi-
cated that the end diastolic flow velocity ratio of the
operated STA to the contralateral STA is a highly
sensitive parameter for prediction of the angiogram-
documented bypass flow in patients who underwent
this procedure unilaterally. Encouraged by their re-
sults, in the present study we aimed to investigate the
availability of STA duplex ultrasonography (STDU)
for evaluating the improvement of cerebral hemo-
dynamics after EC-IC bypass.

Subjects and methods

Patients

Fifty six consecutive patients who underwent EC-IC bypass proce-
dure for cerebral artery occlusive diseases in our Cerebrovascular
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Fig. 1. STDU study. The transducer was placed in the temporal region before the external opening of the acoustic canal (a) and STA was

displayed on the B-mode image with color Doppler (b)

Center from June 2001 to January 2004 were prospectively included
in the present study. All patients gave informed consent to undergo
cerebral angiography and EC-IC bypass procedure. In accordance
with the entry criteria of the JET study, we adopted the following cri-
teria as indication for EC-IC bypass: a) symptomatic internal carotid
artery (ICA)/MCA stenosis of >70% in diameter or occlusion; b)
fair activities of daily life corresponding to modified Rankin Scale
of 2 or less; ¢) small or no brain infarction on magnetic resonance
imaging (MRI); and d) rCBF of the ipsilateral MCA less than
32 ml/100 g/min (corresponding to 80% of normal value) and aceta-
zolamide (ACZ) reactivity less than 10% in quantitative SPECT
study with ACZ challenge. Patients with a marginally greater rCBF
and ACZ reactivity than the criterion were included in the present
study only when they were diagnosed as having a moyamoya disease.
The degree of carotid stenosis was assessed using cerebral digital
subtraction angiography (DSA) with the method documented in
the North American Symptomatic Carotid Endarterectomy Trial
(NASCET) study [5]. All patients underwent DSA, MRI, and
STDU before and 14 days after EC-IC bypass.

STDU

The Philips (USA) HDI-5000 with the 12-to-5 MHz linear array
transducer was used. For the examinations of STA, each patient
was examined in a supine position with his head turned away from
the side to be scanned. The transducer was placed in the temporal
region before the external opening of the acoustic canal and STA
was displayed on the B-mode image with color Doppler (Fig. 1).
The diameter of bilateral STA was measured. On the longitudinal
scans, the sample volume was set within the STA at the point proxi-
mal to its bifurcation. The incident angle between the STA and the
Doppler beam was kept at 60 degrees or less. Range-gated pulsed
Doppler ultrasound was used to measure the blood flow velocity of
the STA. Absolute values of peak-systolic (PSV), end-diastolic
(EDV), and mean flow velocity (MFV) of bilateral STA were mea-

sured using the maximum frequency envelope. The pulsatility index
(PI) for the individual arteries was calculated with the following
formula: PI = (PSV — EDV)/MFV.

SPECT

The SPECT apparatus was the PRISM 2000X (two-head SPECT
system, Picker, USA), and N-isopropil-p-['?*I]-iodoamphetamine
('1-IMP) was used as the tracer. An elliptical region of interest
(ROI), more than 16 cm? in size, was located in the cortical area in
the MCA territory of each side. Areas of infarct, if present, were
carefully excluded from the ROI. The resting rCBF values were
measured quantitatively using the ARG method before and 14 days
after CEA [2]. The rCBF values were also measured after the ACZ
challenge test. Vasodilatory capacity (ACZ reactivity) was expressed
using the following equation: ACZ reactivity = (post-ACZ CBF —
resting rTCBF)/resting rCBF. The rCBF after surgery was classified
into 3 groups: excellent rCBF group (Group A; rCBF of the ipsi-
lateral MCA was 40 ml/100 g/min or more); fair rCBF group
(Group B; rCBF was 32 ml/100 g/min or more and less than 40 ml/
100 g/min); and low rCBF group (Group C; rCBF was less than
32 ml/100 g/min).

Data analysis

Changes in parameters of both STDU and SPECT were observed,
and the relationships between the parameters were investigated.
The correlation between changes in rCBF of the MCA territory and
the STA flow velocity was also evaluated. In univariate analysis, the
chi-square test, paired r-test, and two-way repeated-measured
ANOVA were used. Post hoc analysis was done using Scheffe’s mul-
tiple comparison test. Linear-regression analysis and the Pearson
Correlation Coefficient were used to evaluate the correlation be-
tween changes in rCBF of the MCA territory and the STA flow ve-
locity. A p value < 0.05 was considered to be significant.
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Table 1. The parameters of STDU and SPECT before and after STA-M CA anastomosis
Before surgery After surgery P

STDU (STA)
— Flow velocity cm/sec

Peak systolic 65.0 + 20.6 89.6 +20.5 <0.0001

End diastolic 148 + 5.4 39.8 + 14.1 <0.0001

Mean 28.0 + 8.9 56.8 +17.7 <0.0001
- PI 1.85+0.53 0.93 +£0.27 <0.0001
— Diameter mm 1.56 + 0.24 2.254+0.40 <0.0001
SPECT (MCA terrotory)
- rCBF ml/100 g/min 29.7 4+ 5.1 37.0+ 7.4 <0.0001
— ACZ reactivity 0.04 + 0.16 0.26 +0.21 <0.0001
Results rCBF 14 days after EC-IC bypass (ml/100g/min)

Patient demographics

Thirty six men and 20 women aged 57.1 + 12.5
(mean + SD) years were included. All of their cerebral
artery occlusive diseases were symptomatic. Forty-
four patients had brain infarction and 12 had transient
ischemic attacks or transient monocular blindness.

Complications were not observed during any of the
STA-MCA anastomosis procedures. New neurologi-
cal symptoms did not occur in any patient during 14
days after surgery.

Angiographical and MRI findings

In the pre-surgical cerebral angiography, the vascu-
lar lesions were classified as follows: ICA occlusion in
30 (origin, 17; distal portion, 13), distal ICA stenosis in
9, MCA occlusion in 11, and MCA stenosis in 6. There
were 14 patients with moyamoya disease. There were
no extensive collateral pathways such as supplying
blood flow to the entire MCA territory. In the cerebral
angiography 14 days after EC-IC bypass, anasto-
mosed bypass flow was patent in all patients.

The pre-surgical MRI studies revealed symptomatic
or asymptomatic ischemic lesions in the ipsilateral
ICA territory to the EC-IC bypass in 44 patients.
There were not any new ischemic or hemorrhagic le-
sions on the MRI studies 14 days after EC-IC bypass.

STDU and SPECT findings

The peak-systolic, end-diastolic, and mean flow ve-
locities of the ipsilateral STA were significantly higher
(p < 0.0001 in each) and PI value was significantly
lower (p < 0.0001) 14 days after EC-IC bypass than
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Fig. 2. The post-surgical STA mean flow velocity according to
the rCBF grade. The post-surgical rtCBF grade of the MCA ter-
ritory had significant association with the STA mean flow velocity
(p < 0.001)

before (Table 1). The diameter of the ipsilateral STA
was also larger 14 days after EC-IC bypass than be-
fore (p < 0.0001, Table 1). The rCBF and ACZ reac-
tivity of the ipsilateral MCA territory were signifi-
cantly higher 14 days after EC-IC bypass than before
(p < 0.0001 and p < 0.0001, respectively, Table 1).

All 3 parameters of STA flow velocity were signifi-
cantly correlated with the rCBF (p < 0.0001 in each).
Among the 3 parameters, the mean flow velocity had
the strongest correlation with the rCBF (R = 0.55,
p < 0.0001, Fig. 2). The STA diameter did not have
correlation with the rCBF. The ACZ reactivity was
not correlated with any parameters of STDU.

The pre-surgical STA mean flow velocity or diame-
ter did not differ among the 3 groups according to
the post-surgical rCBF grade. The post-surgical
STA mean flow velocity in Group C (42.9 + 10.5 cm/
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Fig. 3. Correlation between STA mean flow velocity and rCBF in
the MCA territory 2 weeks after STA-MCA anastomosis

sec) was significantly lower than that in Group
A (66.7 +21.2 cm/sec, p < 0.001) or Group B
(58.1 + 15.7 cm/sec, p < 0.05) (Fig. 3). On the other
hand, the post-surgical diameter of the STA had no
significant association with the post-surgical rCBF
grade of the MCA territory. There was no significant
difference as to changes in the ACZ reactivity among
the 3 rCBF Groups.

Diagnostic accuracy of STA mean flow velocity for
predicting rCBF of the MCA territory

With regard to the sensitivity-specificity curve
analysis, the post-surgical STA mean flow velocity
cut-off value over 58.2 cm/sec yielded the highest
diagnostic accuracy (sensitivity; 75%, specificity; 74%)
for favorable rCBF value (=40 ml/100 g/min) after
STA-MCA anastomosis (Fig. 4).

Discussions

This is the first report using STDU to assess changes
in STA flow velocity and diameter before and after
EC-IC bypass and to correlate these data with param-
eters obtained by SPECT.

In the present study, remarkable changes in the STA
flow velocity, PI value, and diameter were observed
and these could reflect the patency and effectiveness
of the bypass flow. The PI value was well known as
reflecting the vascular resistance. Commonly, the PI
value in the external carotid artery (ECA) system was
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Fig. 4. Diagnostic accuracy of STA mean flow velocity for detection
of excellent rCBF in the ipsilateral MCA territory after STA-MCA
anastomosis

higher than that in the ICA system. A remarkable
post-surgical decrease in PI value could mean that the
ipsilateral STA flow became to be ICA pattern from
ECA pattern. STA is a superficial artery, and is easily
detectable by STDU. Moreover, STDU is noninva-
sive, repeatable, and available at bed side or outpatient
clinic without any contraindications in comparison
with SPECT, MRI, or DSA. Using STDU, we can
easily and serially confirm the patency and changes in
bypass flow via STA after EC-IC bypass.

The STA mean flow velocity was significantly corre-
lated with the rCBF of the MCA territory after EC-IC
bypass. Moreover, the post-surgical rCBF grade of
the MCA territory had significant association with
the STA mean flow velocity. In the present study,
only the patients with severe cerebral hemodynamic
failure were included according to the pre-surgical
SPECT studies. The development in blood flow via
STA-MCA anastomosis would have an association
with pre-surgical cerebral hemodynamics. Previous
studies revealed the relationships between an abundant
blood flow via the anastomosed bypass and the pre-
surgical reduced vasodilatory capacity [3, 6]. In our
patients, both rCBF and ACZ reactivity of the ipsilat-
eral MCA territory significantly increased after EC-IC
bypass. However, the post-surgical cerebral angiog-
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raphy revealed no development in the natural intra-
cranial collateral pathway such as leptomeningeal
anastomosis or anterior and posterior communicating
arteries. In patients with severe hemodynamic failure
due to poor collateral pathway, an improvement in
the cerebral hemodynamics could depend on the blood
flow via STA-MCA anastomosis.

STA diameter had no significant correlation with
the rCBF of the ipsilateral MCA territory. According
to the post-surgical rCBF grade, there was no signifi-
cant difference in STA diameter. In the process of the
development in bypass flow via STA after EC-IC by-
pass, there might be a limitation in the post-surgical
dilation of STA and the further increase in the STA
blood flow might depend on an increase in the STA
flow velocity.

Arakawa et al [1] have reported that the end dia-
stolic flow velocity ratio of the operated STA to the
contralateral one is a highly sensitive parameter for
evaluating the extent of the bypass flow in patients
who underwent EC-IC bypass unilaterally. Combining
our method with theirs, we can easily predict the post-
surgical rCBF grade as well as the extent of the collat-
eral flow through STA-MCA anastomosis instead
of SPECT and cerebral angiography. In conclusion,
STDU is a method available for evaluating cerebral
hemodynamics in patients who undergo EC-IC by-
pass.
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Summary

Neurosurgery and the intracranial venous system

1) Numerous of the so-called «unpredictable» post-operative com-
plications are likely to be related to the lack of prevention or
non-recognition of venous problems, especially damages to the
dangerous venous structures, namely: the major dural sinuses,
the deep cerebral veins and some of the dominant superficial veins
like the vein of Labbé.

2) Tumors invading the major dural sinuses (superior sagittal sinus,
torcular, transverse sinus) — especially meningiomas — leave the
surgeon confronted with a dilemma: leave the fragment invading
the sinus and have a higher risk of recurrence, or attempt at total
removal with or without venous reconstruction and expose the
patient to a potentially greater operative danger. Such situations
have been encountered in 106 patients over the last 25 years. For
decision-making, meningiomas were classified into six types
according to the degree of sinus invasion. Type 1: meningioma
attached to outer surface of the sinus wall; Type II: one lateral
recess invaded; Type III: one lateral wall invaded; Type IV: one
lateral wall and the roof of the sinus both invaded; Types V and
VI: sinus totally occluded, one wall being free of tumor in type V.

In brief, our surgical policy was the following: Type I: excision
of outer layer and coagulation of dural attachment; Type II: re-
moval of intraluminal fragment through the recess, then repair
of the dural defect by resuturing recess. Type III: resection of
sinus wall and repair with patch (fascia temporalis). Type IV:
resection of both invaded walls and reconstruction of the two re-
sected walls with patch. Type V: this type can be recognized from
type VI only by direct surgical exploration of the sinus lumen.
Opposite wall to the tumor side is free of tumor, it is possible to
reconstruct the two resected walls with patch. Type VI: removal
of involved portion of sinus and restoration with venous bypass.

3) As20% of the patients presenting with manifestations of intracra-
nial hypertension due to occlusion of posterior third of the supe-
rior sagittal sinus, torcular, predominant lateral sinus or internal
jugular vein(s) develop severe intracranial hypertension, venous
revascularisation by sino-jugular bypass — implanted proximally
to the occlusion and directed to the jugular venous system (exter-
nal or internal jugular vein) — can be a solution.

Keywords: Cerebral veins; dural sinuses; intracranial venous sys-
tem; parasagittal meningiomas; vascular microsurgery; venous oc-
clusion; venous reconstruction.

Introduction

No doubt that numbers of harmful events after in-
tracranial surgery are related to iatrogenic venous
damages. They manifest as locally-developed oedema,
regional or diffuse brain swelling — some being fatal
because of uncontrollable intracranial hypertension —
and/or hemorrhagic infarcts, sometimes devastating
and erroneously attributed to so-called default in he-
mostasis.

Ignoring the cerebral venous system during surgery
would entail disastrous consequences; therefore good
knowledge of venous anatomy and physiology is of
prime importance [5, 13, 26, 30, 39]. A complete and
detailed pre-operative setting including venous angio-
MR, and if necessary DSA with late venous phases,
helps to determine optimal surgical strategy. A sus-
tained effort during surgery to respect the venous
system, especially the so-called “dangerous veins”, is
an obligation for the surgeon.

Radical removal of tumors invading the major dural
sinuses implicates to preserve and/or repair the venous
circulation. Also, restoration of the venous flow may
contribute to the cure of neurological diseases due to
impairment in venous circulation.

Preservation of the «dangerous» venous structures

Injury or acute occlusion of important intracranial
venous structures during surgery might provoke brain
swelling and/or venous hemorrhagic infarcts, that
could lead to vital or at least severe functional distur-
bances.
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The dural sinuses

The major dural sinuses carry a considerable
amount of blood; foremost the superior sagittal sinus
(SSS). Its anterior third receives the prefrontal afferent
veins; its posterior radiological landmark is around the
coronal suture. It is generally admitted that its sacrifice
is well tolerated. Actually, severe mental disorders,
personality changes, loss of recent memory with a
general slowing of thought processes and activity, or
even akinetic mutism, may occur if sacrificed and/or
if frontal veins are compromised. The midthird re-
ceives the numerous and voluminous cortical veins of
the central group. Interruption of this portion entails
high risks of (bilateral) hemiplegia and akinesia. The
posterior third, as well as the torcular Herophili
which receives the straight sinus, drains a considerable
amount of blood. Interruption would inevitably pro-
vokes potentially fatal intracranial hypertension.

The lateral sinuses (LS) ensure a symetric drainage
in only 20% of the cases; in the extreme, one LS may
drain the SSS in totality (most often the right one)
and the other the straight sinus.

The transverse sinus (TS) may be atretic on one side,
the remaining sigmoid sinus draining the inferior cere-
bral veins (i.e. the Labbé system). The sigmoid sinus
(SS) drains the posterior fossa. It receives the superior
and the inferior petrosal sinuses and also (unconstant)
veins coming from the lateral aspect of pons and me-
dulla. SS has frequent anastomoses with the cutaneous
venous network through the mastoid emissary vein.
When the sigmoid segment of the lateral sinus is at-
retic, the transverse sinus with its affluents drains to-
ward the opposite side.

All these anatomical configurations (see details in
reference 2) have surgical implications and must be
taken into account before considering interrupting
sinus.

The superficial veins

Any of the superficial veins of a certain calibre has
presumably a functional role. However, as shown by
experience, some of them are more ‘“dangerous” to
sacrifice than others. The superficial veins belong to
three ““systems”: the midline afferents to the SSS, the
inferior cerebral afferents to the TS and the superficial
sylvian afferents to the cavernous sinus. These three
systems are strongly interconnected, but in very vari-
able ways from one individual case to another. The
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main anastomotic veins are the Trolard, the Labbé
and the great superficial sylvian, all of them bearing
important surgical implications.

Midline afferent veins enter into the SSS. They are
met during interhemispheric approaches [22]. 70% of
parasagittal venous drainage is evident within the sec-
tor two cm posterior to the coronal suture; it corre-
sponds to the central group. Sacrifice of the midline
central group is risky. The sacrifice of the other midline
veins, unless they are of large calibre, does not appear
so hazardous. The vein of Trolard, or superior anasto-
motic vein, links the superficial sylvian system to the
SSS. It usually penetrates the SSS in the post-central
region.

Inferior cerebral veins are cortical bridging veins
that channel into the basal sinuses and/or into the
deep venous system. They are met in the skull base ap-
proaches. Juxta-basal veins may be sacrified only if
they are small and do not contribute predominantly
to the system of Labbé. The vein of Labbé, or inferior
anastomotic vein, creates an anastomosis between the
superficial sylvian vein and the TS before its junction
with the SS. Necessity of the respect of Labbé, espe-
cially in the dominant hemisphere, is mandatory to
avoid posterior hemispheric infarction.

The superficial sylvian vein is formed by anasto-
mosis of the temporo-sylvian veins; these veins are
connected with the midline veins upward and the
juxta-basal temporal veins downward. It enters pre-
dominantly the cavernous sinus, either directly or
through the sphenoparietal sinus. Many variations
are possible. Sacrificing the superficial sylvian vein is
risky when it is of large calibre and poorly anasto-
mosed.

Skull base approaches must be prepared taking into
account the anatomical organization of the superficial
venous system (see details and literature quotations in
reference 5) (Fig. 1).

The deep veins of the brain

The deep veins of the brain are the ones which drain
toward the deep venous confluent of Galen. The de-
nomination of venous confluent is appropriate since —
in addition to the two internal cerebral veins — the
Galenic system receives the two basilar veins of Rosen-
thal, and also veins from the corpus callosum, the
cerebellum (mainly the vermian precentral vein) and
the occipital cortex. A good knowledge of the deep
veins is important for surgery in the lateral ventricles
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Fig. 1. Top: Deep cerebral veins (V) and landmark of the interven-
tricular venous confluent (IVC): DSA by carotid injection, venous
phase, lateral view. The interventricular venous confluent (dotted
circle) is formed by confluence of the septal V (2), caudate V (3,
4), and thalamo-striate V (5). Confluence gives rise to the internal
cerebral vein (7). On lateral view, this confluent has an almost
— constant situation and corresponds to the interventricular foramen
of Monro. This point may contribute a useful anatomical — imaging
reference. [NB: basilar vein (6 ); confluence of internal cerebral veins
and basilar veins gives Galen Vein. Bottom: Superficial veins involved
in (supratentorial) skull base approaches: Three groups of veins can
be distinguished: the middle afferent frontal V, the inferior cerebral V
(i.e. the Labbé system) and the sylvian V. These three groups can be
delimited by three “triangles”. (1) The triangle corresponding to
the frontal group of veins ( F¥) is delimited by the three following
landmarks: interventricular venous confluent (/VC), bregma (B)
and the anterior limit of anterior cranial fossa (4). (2) The triangle
corresponding to the inferior group (ICV) is delimited by: IVC,
Torcular (T) and Jugular foramen (J). (3) The triangle correspond-
ing to the anterior sylvian group (A4SV) is delimited by: IVC, A and
J landmarks. Skull base approaches must be designed so that the pro-
eminent venous drainage(s) be respected

169

and of course in the third ventricle and pineal region
[4, 6, 38]. There is a general agreement that the
sacrifice of the vein of Galen or of one of its main trib-
utaries should be considered as a high risk, although
animal experiments and a few reported clinical obser-
vations showed otherwise.

The thalamostriate vein represents an important
anatomic landmark when accessing the third ventri-
cle through the lateral ventricle by the interthalamo-
trigonal approach. It drains the deep white matter of
the hemisphere, the internal capsule and the caudate
nucleus. This vein has to be sometimes sacrified in this
approach. Consequences vary depending on the au-
thors: from little or none to venous infarction of basal
ganglia. Because consequences can be severe, sacrific-
ing the thalamostriate vein is justified only if widening
the exposure of the third ventricle is absolutely neces-
sary [11].

Veins of the posterior fossa

It is important to consider venous anatomy when
dealing with posterior fossa surgery [20, 28]. The
sitting position entails the risk of air embolism from
sinus and/or vein opening. The cerebellum is exposed
to swelling or infarction in case of venous interruption.

Most experts in posterior fossa surgery, especially
those who favor infratentorial supracerebellar ap-
proaches, estimate that the sacrifice of the precentral
vermian vein in order to approach the pineal region is
without danger.

The classical statement that the superior petrosal
vein can be interrupted without danger needs to be
reconsidered. As a matter of fact, swelling of the
cerebellar hemisphere after sacrificing a voluminous
petrosal vein is not unfrequently observed.

Avoidance of venous occlusions during surgery

The role played by venous occlusions occurring
during surgery in post-operative hemorrhagic infarcts
is undeniable [3, 19]. Approaches to treat “difficult” le-
sions suggest that the association of venous sacrifice(s)
to brain retraction entails significantly higher risk of
brain damage than retraction alone. It has been exper-
imentally shown that parenchymal retraction of one
hour duration, in opposition to retraction combined
to venous sacrifice, produces a subcortical infarct in
13% and 60% of animals, respectively [15, 16].

Retraction of the brain provokes a local congestion
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by compressing the cortical venous network, reduction
in venous flow by stretching the bridging veins, and
thrombosis of veins if compression of the retractor or
a cotonoid is prolonged. Excessive brain retraction
can be avoided by specially designed approaches
obeying two principles: the one of minimally invasive
opening and the one of bone removal associated with
craniotomy at the base of the skull. The key-hole ap-
proaches protect from important retraction and conse-
quently avulsing veins.

Bone removal associated to craniotomies for skull
base approaches, by increasing the field-view angle
and the working-cone [1, 35], makes brain retraction
unnecessary. Extended approaches as fronto-basal, or-
bital, zygomatic, orbito-zygomatic, at the level of the
roof of the external auditory meatus, transpetrosal or
extreme lateral of the foramen magnum, have become
classical (see literature review in reference 24). Limited
opening of the dura-mater to the minimum required is
the most effective mean to avoid excessive retraction
by the self-retractor.

In the eventuality of necessary prolonged retraction,
releasing the retractor from time to time decreases
damaging phenomena. Removing the blade approxi-
mately five minutes every fifteen minutes is considered
beneficial.

It may happen that a bridging vein acts as a limita-
tion. To be preserved, the vein has to be dissected free
from arachnoid and cortex at a length of 10 to 20 mm
[37]. It also may happen that a big vein inside a fissure
or a sulcus performs as an obstacle. Because interrup-
tion would entail the risk to provoke ““a cascade” of in-
traluminal coagulation of the neighbouring pial veins,
it is justified to attempt its preservation. If conserva-
tion seems difficult, before deciding sacrifice a gentle
temporary clamping for a few minutes with a micro-
forceps or a small temporary clip may be useful to test
the absence of consecutive regional congestion.

When an important vein has been ruptured, its re-
construction may be considered. For this purpose, the
silicone tubing technique has been developed. ““A sili-
cone tube that is most suitable to the size of the vein
origin is selected and inserted into the distal segment
of the vein and fixed with a 10-0 monofilament nylon
circumferential tie. The other end of the silicone tube
is then inserted into the proximal end of the vein and
tied” [23].

Frequent is the circumstance in which a (puncti-
form) wound is made in a vein wall during dissection.
Rather than to coagulate the vein, hemostasis can be
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attempted by simply wrapping the wall with a small
piece of Surgicel. If this is not sufficient, obliteration
of the wound can be made by a very localized micro-
coagulation with a sharp bipolar forceps or by placing
a single suture with a 10-0 nylon thread. But in all
cases, whatever the technique used, quality of hemo-
stasis has to be checked by jugular compression at the
neck or with local patency test using two forceps, as
classical in microvascular surgery.

Finally, it must be stressed that respect of the venous
system results from a constant belief of the importance
of preserving veins and a sustained effort to do it dur-
ing the whole operation.

Tumors invading the major dural sinuses

Surgery

Tumors invading the major dural sinuses (superior
sagittal sinus, torcular, transverse sinuses) specially
meningiomas — leave the surgeon confronted with a
difficult dilemma: leave the fragment invading the si-
nus and have a higher risk of recurrence, or attempt a
total removal (with or without venous reconstruction)
and expose the patient to potentially greater operative
danger.

Within our surgical experience with 106 patients
over the last 25 years, our policy was to rather attempt
a total removal with venous reconstruction whenever
it could be considered as ‘“‘reasonable” [29, 31]. For
decision-making, meningiomas were classified into six
types according to the degree of sinus invasion [29, 30,
34]. Type 1: meningioma attached to outer surface of
the sinus wall; Type II: lateral recess invaded; Type
III: one lateral wall invaded; Type IV: one entire lat-
eral wall and the roof of the sinus both invaded; Types
V and VI: sinus totally occluded, one wall being free of
tumor in type V (Fig. 2).

Based of this classification, surgery was attempted
according the following scheme [29, 30, 34]. Type I
excision of the outer layer, leaving a clean inner layer
with coagulation of the dural attachment; Type II: re-
moval of the intraluminal fragment through the recess,
then repair of the recess defect by resuturing the wound
or by closing it with a (narrow) patch, or — provided it
is not stenotic-sealing of the opening with a (tangen-
tially positioned) aneurysm clip; Type III: resection of
the invaded sinus wall and repair with patch (fascia
temporalis); Type IV: resection of both invaded wall
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Fig. 2. Classification of meningiomas according to the degree of du-
ral venous sinus involvement. Type I: meningioma attached to outer
surface of the sinus wall; Type II: lateral recess invaded; Type III: one
lateral wall invaded; Type IV: one entire lateral wall and the roof of
the sinus both invaded; Types V and VI sinus totally occluded, one
wall being free of tumor in type V. This classification is a simplified
one from Krause [17] quoted by Merrem [21] and Bonnal and
Brotchi [8]

and roof, and reconstruction with patch; Type V: this
type can be formally recognized from type VI only by
direct surgical exploration of the sinus lumen; as the
opposite wall to the tumor side is free of tumor, it is
possible to reconstruct the two invaded (and resected)
walls with patch, rather than performing a bypass;
Type VI: removal of the entire involved portion of
sinus and restoration of venous flow with a venous
bypass; the site of bypass is on the sagittal sinus for
meningiomas involving SSS, between SSS and external
jugular vein for meningiomas totally occluding the
posterior third and/or the torcular, between TS and
the external jugular vein for meningiomas involving
the TS.

Surgery is greatly facilitated when the following
technical aspects are respected. The semi-sitting
(lounging) position allows a good venous return. Risk
of air embolism is weak because of the relatively high
level of the intracranial venous pressure in these

Fig. 3. Upper row: Axial, coronal and sagittal sections of T1
weighted MRI, with gadolinium, of a right-sided, midthird, parasa-
gittal meningioma, of type V1. Middle rows: Right and left DSA ca-
rotid angiograms (AP and lateral views) showing bilateral diploic
collateral venous channels draining the anterior part of the (totally
occluded) superior sagittal sinus to skull base venous systems. Lower
row: Plain film of the skull showing the bony aspect of the diploic
collateral drainages. Plain X-ray may help to design the bone flap
(and also the dural flap) so as to avoid interrupting major venous
draining systems

patients. Skin flap and craniotomy should extend
across the midline to permit visualization of both sides
of the sinus and some 3 cm outside the margins of the
occluded sinus. Access should consider cutaneous,
pericranial and/or diploic, as well as dural venous
pathways, which might be compromised during the
approach. Those can be identified on preoperative
imaging (venous angio-MRI and DSA with venous
phases) (Fig. 3). Then the dura is incised in a circum-
ferential manner around the margin of the tumor inser-
tion on the dura of the convexity, and along the border
of the corresponding portion of the superior sagittal
sinus. Under the microscope the attatchment of the
meningioma to the lateral wall of the sinus and to the
neighbouring falx is desinserted by using the cutting
effect of the bipolar coagulation forceps. Then an “‘in-
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tracapsular” debulking is carried out so that the men-
ingioma can be dissected from the underlying cortex.
Because of frequent discrepancies between images
and anatomical lesions, the sinus should be explored
through a short incision to disclose any intrasinusal
fragment. Temporary control of venous bleeding
from the lumen of the sinus, and from afferent veins,
can be easily obtained by packing small pledgets of
hemostatic material (Surgicel: Johnson and Johnson
Medical, Viroflay, France) in the lumen and at the
ostia of afferent veins. Balloons or shunts with inflat-
able balloons should not be used because they do not
pass easily through the sinus septa and may disrupt
the sinus endothelium. Vascular clamps and aneurysm
clips should be avoided because they may injure sinus
walls and afferent veins. For venous patching, al-
though the autologous vein would appear as the most
suitable material, vein harvesting seems excessive for
patching only. The structure of the locally situated
dura-mater or fascia temporalis (better than pericra-
nium) are rigid enough to enable blood to flow inside
and to use them as patches.

In cases with total invasion of the sinus, bypasses
can be indicated to restore venous flow [32]. Bypasses
may be performed either prior to removal of the
occluded portion (with end-to-side anastomoses) or
immediately after its removal (with end-to-end anasto-
moses). Bypasses must consist of autologous vein (sa-
phenous when a long graft is needed, external jugular
vein when only a short graft is necessary) and not of
prothesis. (In our series the six cases undergoing a
Gore-Tex bypass thrombosed within the first week;
five thromboses were asymptomatic, but one was ac-
companied with a comatous state that was due to acute
brain swelling, fortunately, reversible within 10 days.
Suture on veins was performed using two hemirun-
ning sutures, with Prolene 8-0 thread [Laboratoire
Ethnor, Neuilly/Seine]. To avoid clotting into the re-
constructed sinus, heparinotherapy (2x control) is
recommended for at least 21 days and aspirin for the
next two months to allow endothelization of the sinus
walls.

Patency

Immediate patency essentially depends on the driv-
ing pressure within the dural venous system; this was
obvious in our observations. Patency two weeks after
surgery was studied using DSA in our series. In the 49
patients controlled — of the 52 who had venous recon-
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struction with patch or bypass-, sinus was patent in 36
cases (that is 73%): 9/9 for lateral recess suturing or
patching, 20/23 for wall(s) patching, 7/11 for bypasses
with autologous vein, 0/6 (= none) for bypasses with
Gore-tex. Absence of long-term patency does not nec-
essarily mean that venous reconstruction was not use-
ful. Progressive occlusion of the venous repair would
have given time for compensatory venous pathways
to develop. In our series there was no neurological ag-
gravation in those patients with not patent bypass,
with the exception of one.

Conclusion

Our surgical experience leads us to advocate —
whenever reasonably possible — the total removal of
the tumor as the best way of significantly decreasing
the recurrence rate of tumour regrowth (3% in our se-
ries of 106 patients).

We are also of the opinion that attempting to con-
serve or restore the venous circulation is preferable.
As a matter of fact, the only way to be certain of the
absence of wall invasion and of intraluminal tumor
fragment, is to explore the wall(s) and open the lumen;
this then necessitates reconstructing the sinus. We also
think that it is advantageous to restore the venous cir-
culation even if the sinus was occluded preoperatively.
As a matter of fact, contrarily to established opinion,
the completely occluded portion of the sinus cannot
always be resected safely; surgical approach may im-
pair collateral venous pathways. These reconstruc-
tions, being time-consuming and technically demand-
ing, are of course only indicated in patients in good
general condition.

Attempting radical resection of the tumor followed
by venous reconstruction is also favored by other sur-
gical teams [7-10, 12, 14, 25, 27, 36]. Others, although
not totally opposed (see references in 34), prefer the
conservative method of subtotal resection or staged
operation [18]. An intermediate attitude would be to
rely on the intra-operative measurement of the sinus
pressure, together with consideration of the preopera-
tive angiographic data on the venous circulation, to
decide whether or not to reconstruct the venous circu-
lation based on objective hemodynamic values.

But, whatever the procedure chosen may be, deci-
sions should be reevaluated during surgery; one should
be ready to stop the operation at any time and to even-
tually complete it later on, especially in case of immi-
nent brain swelling would threaten.



Neurosurgery and the intracranial venous system 173

oz

o <

£

Fig. 4. Sino-jugular bypasses: (A) Schematic drawing of a transverse-jugular bypass, between right transverse sinus (/) and external jugular
vein (2 ), exposed anteriorly to sterno-cleido-mastoid (SCM ) and trapezius ( 7') muscles (for — as an example — a bilaterally occluded lateral
sinus (small arrows). (B) Post-otitic occlusion of both transverse sinuses in a child. Top: preoperative angiogram (venous phase, AP view) show-
ing occlusion of both transverse sinuses (arrows). Bottom: postoperative angiogram (venous phase, AP view) showing patency of bypass with
median saphenous graft (arrowhead). From transverse sinus to external jugular vein, right side. (C) Sino-jugular bypass for intracranial hyper-
tension due to bilateral thrombosis of transverse sinuses, with right dural arterio-venous fistula (A VF). Top: Pre-operative angiogram (lateral
view) showing occlusion of the right transverse sinus (arrowhead). The dural AVF is clearly visible with retrograde filling of the sagittal and
straight sinuses. Bottom: Post-operative angiogram (lateral view) showing complete removal of AVF and patent sino-jugular bypass (arrow-
heads). (D) Post-operative control at two weeks by DSA in a patient harbouring a grade VI torcular meningioma, and suffering severe intra-
cranial pressure syndrome. Note the patent sino (sagittal)-jugular (external) bypass performed with a median saphenous vein graft (arrow-

heads), right side

Surgical restoration of venous flow for intracranial
hypertension from venous occlusion

Patients presenting with manifestations of intracra-
nial hypertension due to venous occlusion of posterior
third of the superior sagittal sinus, torcular, predomi-
nant lateral sinus or internal jugular vein(s), cannot al-
ways be controlled efficiently with anti-edema therapy.
According to literature estimations, in the order of
20% of cases develop severe intracranial hypertension
with progressive loss of vision and/or encephalop-
athy. In these cases, venous revascularisation by sino-
jugular bypass — implanted proximally to the occlusion
and directed to the jugular venous system (external or
internal jugular vein) — can be the solution [33].

Most frequent causes of ‘“‘chronic” occlusion of
dural sinuses are: 1) fibrosis after infectious thrombo-
phlebitis and/or cruoric thromboses, 2) damage or
ligation after trauma or surgery, 3) tumour totally oc-
cluding the posterior third of SSS (Intracranial hyper-
tension or encephalopathy can be the revealing mode
of a (even small) tumour or a residual fragment left in
place occluding the lumen, 4) dural arterio-venous fis-

tulas accompanying sinus thrombosis (restoration of
the venous circulation after surgical excision seems to
be appropriate because pathogenesis is though to be
neo-vascularization after sinus thrombosis).

The rationale for sino-jugular bypass is that it sup-
presses the cause of intracranial hypertension or makes
it reversible. Lumboperitoneal CSF shunting appears
to be a simplier technique, but is not without pitfalls
and complications. The good clinical long-term results
observed in our series of 5 cases of sino-jugular by-
passes plead in favour of this procedure as a logical
treatment in these circumstances.

The original surgical technique was described in de-
tails in 1980 [33] and more recently, briefly, in 2000 [30]
(see Fig. 4). Graft (that must be a long graft) has to be
harvested from the median saphenous vein. In a eleven
patients study (5 personal cases and 6 from the litera-
ture), patency rate was 82%; there was no mortality or
morbidity. The receiver vein was the internal jugular
vein in 5 cases (4 patent), the external jugular vein or
a branch in 6 cases (5 patent). These results demon-
strate the technical feasibility of restoration of the
venous outflow with sino-jugular bypasses achieved
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with autologous venous grafts. Venous grafts are con-
sidered the best material for grafting by almost all the
authors involved in experimental as well as in clinical
venous reconstruction [32]. Postoperative anticoagu-
lant therapy is an important adjunct for patency. Ino-
cuity may be explained by the fact that the bypass is
entirely extra-dural.

Conclusion

Surgery on the Intracranial Venous System requires
good neuro-images to work on, not only Venous
Angio-MR, as a complement of conventional MRI,
but also DSA. As a matter of fact we think that DSA
with late venous phases is of prime importance to
determine surgical strategy especially in “difficult tu-
mours”. For these reasons neurosurgeons must incite
neuro-imaging colleagues to be full-partners of neuro-
surgical management.
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Summary

Objective. To evaluate the outcome of patients with most severe
cerebral venous and dural sinus thrombosis (CVT) after decompres-
sive craniectomy. Indications and techniques for decompressive cra-
niectomy and intensive care regimen are discussed.

Methods. Between 2000 and 2004 15 patients with CVT and intra-
cerebral hemorrhage were treated at the Department of Neurosur-
gery, University Hospital Zurich. Among them, four patients with
the most severe illness course were treated with decompressive cra-
niectomy. Indications for decompressive craniectomy were deterio-
ration of level of consciousness with CT signs of space occupying
brain edema, venous infarction and congestional bleeding with
mass effect, midline shift and obliteration of the basal cisterns.

Results. Among 15 patients with CVT and intraparenchymatous
hemorrhage four patients were treated with decompressive craniec-
tomy. Glasgow Coma Scale (GCS) immediately before the operation
was in mean 10.2 (range 6 to 13). No patient showed signs of unilat-
eral or bilateral third nerve palsy before surgery. No surgical compli-
cations were observed. All four patients who underwent decompres-
sive craniectomy recovered with favourable functional outcome
(Glasgow Outcome Scale; GOS 4 and 5). Anticoagulation therapy
with heparin was reconvened 12 hours postoperatively with half
dosage and 12 hours later with full dosage. No enlargement of exist-
ing intraparenchymatous hematoma or other intracranial bleeding
complications occurred.

Conclusions. Favorable functional outcome in selected patients
with most severe courses of CVT can be achieved after decompres-
sive craniectomy. Postoperative anticoagulation therapy with full
dose heparin 24 hours after craniotomy seems to be safe. Precise
indications and techniques for combined surgical decompression
and thrombectomy deserve to be evaluated in future studies.

Keywords: Cerebral venous and dural sinus thrombosis; venous
infarction; congestional bleeding, brain edema; mass effect; intra-
cranial pressure.

Introduction

Cerebral venous and dural sinus thrombosis (CVT)
are with an annual incidence of approximately 1.5 to
3 per million adults a rare cause of stroke [28]. Because

of early diagnosis and timely medical treatment in re-
cent years morbidity and mortality decreased to 13.5%
[30]. In smaller prospective case series papilledema, al-
tered consciousness, coma and intraparenchymatous
hemorrhage were suggested to be risk factors for un-
favourable outcome [22]. The International Study on
Cerebral Vein and Dural Sinus Thrombosis (ISCVT)
confirmed that patients with primary CVT (no cancer,
no nervous system infection) coma, mental status dis-
order, hemorrhage on admission CT scan, thrombosis
of the deep cerebral venous system, male sex and
age > 37 years are at increased risk of bad outcome
[30].

The purpose of this report is to evaluate the outcome
in a series of patients presenting severe courses of CVT
who underwent decompressive craniectomy. A patient
with most severe illness course with persistent ICP
elevations, treated with decompressive craniectomy,
hypothermia and barbiturate coma for 8§ weeks is
described. Indications for decompressive craniectomy,
surgical techniques and timimg to reconvene anticoa-
gulation therapy are discussed.

Materials and methods

Patient population

Between January 2000 and August 2004 15 patients with primary
CVT and intraparenchymatous hemorrhage were treated at the
Department of Neurosurgery, University Hospital Zurich. Among
them, four patients with most severe illness course were treated with
decompressive craniectomy. The charts and imaging studies of the 4
surgically treated patients were reviewed. Indications for surgery,
surgical technique, perioperative complications, reinstitution of anti-
coagulation and the outcome were analyzed.
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Medical treatment

On admission, all patients were rehydrated with intravenous
cristalloids. Antiepileptic treatment with phenytoine or valproate
was initiated as early as possible. After surgery, patients initially re-
mained sedated (fentanyl infusion 2-8 ug/kg/h and midazolam 0.1—
0.4 mg/kg/h). Subdural catheters (NMT Neuroscience, Frankfurt,
Germany) were inserted to provide continuous intracranial pressure
(ICP) monitoring. With elevated ICP (>15 mmHg) an emergency
CT scan was performed and treatment with osmotherapy, mild
hyperventilation and tris-hydroxy-methyl-aminomethane (THAM)
buffer was initiated. Patients with intractable ICP-values of
15 mmHg or higher underwent reoperation for extension of bone
flap or resection of infarcted tissue. Those patients with persistent
high ICP values after the second surgical intervention were eligible
for treatment with barbiturate coma combined with mild hypother-
mia. Medical therapy, barbiturate coma and hypothermia treatment
were performed according to a standardized algorithm for treat-
ment of elevated ICP described elsewhere [7]. Barbiturate coma
was induced at the same time with induction of hypothermia and
was adapted to a burst suppression pattern in continuous EEG-
monitoring. Cooling of the patients (target brain temperature
33°C) was accomplished by using endovascular cooling catheters
(Cool Line Catheter and Coolgard System; Alsius Corporation,
Irvine, CA, USA) [18].

Decompressive craniectomy

Indications for decompressive craniectomy included progressive
neurological deterioration and CT signs of severe space occupying
brain edema, venous infarction and congestional bleeding with
mass effect, midline shift and obliteration of the basal cisterns with
imminent herniation signs. Surgical decompression was defined
in terms of an ‘“‘external decompression” or fronto-temporo-
parieto-occipital hemicraniectomy with additional dural patch
(duraplasty) to allow adequate brain relaxation or “internal de-
compression” if resection of infacted cerebral tissue and total clot
removal was performed. Replacement of the bone flap was per-
formed within three months after “‘external decompression” if no
signs of edema could be documented. Replacement of the bone flap
depended on reduction of edema and was performed within three
months after craniectomy. If, the affected brain tissue intraopera-
tive seemed to be completely infarcted, with large space occupying
intraparenchymatous hematoma, internal decompression with hem-
atoma evacuation and resection of infarcted tissue was performed.
After internal decompression, the bone flap was reinserted during
the same operation.

Outcome measurements

Neurological outcome was assessed after three and 12 months in
the outpatient clinic by a neurologist using the Glasgow Outcome
Scale (GOS) [3]. Those patients who did not show up on control
were contacted and asked about their functional status.

Results

Within the last 56 months four of 15 patients
with primary CVT and intraparenchymatous bleeding
were treated with decompressive craniectomy. Patient
and treatment characteristics are given in Table 1.
Mean age of the surgically treated patients was
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47 4+ 13.2 years. As risk factors two patients were
using oral contraceptives, in one patient protein S defi-
ciency was identified. Symptoms of CVT, in all cases
with headache, occurred between three days and two
weeks before admission to our department. Three pa-
tients were referred from other hospitals. Diagnoses
were confirmed in three patients by intra-arterial digi-
tal subtraction angiography and in one patient by CT
angiography. Thromboses were localized in two pa-
tients in the transverse and sigmoid sinuses, extending
into the proximal internal jugular vein, in one patient
in the anterior part of the superior sagital sinus and
in one patient bilaterally in frontal cortical veins. Glas-
gow Coma Scale (GCS) immediately before the opera-
tion was in mean 10.2 (range 6 to 13). No patient
showed signs of unilateral or bilateral third nerve palsy
before surgery. In two patients (P2 and P3) craniot-
omy was performed as an emergency, immediately
after the diagnosis was confirmed. In these patients an-
ticoagulation treatment with heparin was started not
before surgery, 12 hours after craniotomy with half
dosage (9 U/kgBW/hour cont. i.v.) and 24 hours after
surgery with full dosage (18 U/kgBW/hour cont. i.v.),
adapted to a target thromboplastin time (PTT) of 2 to
2.5 fold. Two patients with secondary deterioration
were treated with heparin before surgery, one coming
from a foreign hospital, with heparin 10,000 U/24 h
cont. i.v., the other with heparin 24,000 U/24 h cont.
i.v. All patients were treated with full anticoagulation
therapy, initially with heparin, later with phenpro-
coumon over 6 months. No enlargement of existing
intraparenchymatous hematoma or other postopera-
tive intracranial bleeding complications occurred.
Two patients (P1 and P4) were treated with external
and two patients with internal decompressive surgery.
All four patients recovered with good functional out-
come (GOS 4 and 5).

In two patients (P2 and P3) intraoperative evalua-
tion showed macroscopically infarcted tissue with
intraparenchymatous hemorrhage causing a severe
mass effect (Figs. 1 and 2). This two patients were
treated primarily with hematoma evacuation and
resection of infarcted tissue (internal decompression).
In both patients ICP remained below 15 mmHg post-
operatively allowing a reduction of the sedation and
extubation within three days after surgery. The two pa-
tients recovered with good functional outcome, one
without deficits (P2), the other one (P3) with slight
motoric dysphasia after 8 months. In the other two
patients (P1 and P4), intraoperatively, the affected
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Fig. 1. Patient 1. CT scan, shows right sided frontal mass effect
due to intraparenchymal bleeding with midline shift and imminent
subfalcine herniation. Day 0 “external decompression” with right
hemicraniectomy and duraplasty; day 1 “internal decompression”
with right sided hematoma evacuation and resection of infarcted
tissue were performed

Fig. 2. Patient 2. CT scan, shows bifrontal intraparenchymal hema-
toma and subarachnoidal bleeding. Day 0 ““internal decompression”
with right sided total and left sided subtotal hematoma evacuation
was performed

brain parenchyma seemed to be only partially in-
farcted, intraparenchymatous bleeding was more dif-
fuse and hemispheric brain edema was dominant in its
space-occupying effect (Figs. 1 and 4). These patients
were treated primary with temporo-parieto-occipital
craniectomy, removal of a large bone flap and dura-
plasty (external decompression). In both patients 12
hours after external decompression ICP increased
above 15 mmHg. The two patients underwent a sec-
ond intervention, the first one (P1) with hematoma
evacuation and resection of infarcted tissue, the other

Fig. 3. Patient 3. CT scan, shows a temporo-parietal bleeding with
midline shift, compression of the left sided ventricle and subfalcine
herniation. Day 0 ““internal decompression” with left sided evac-
uation of the hematoma and resection of infarcted tissue was per-
formed

one (P4) with an extension of the craniotomy and du-
raplasty (see below). In P1 sedation could be stopped
on day 3, the patient was extubated on day 7. Both
patienst recovered without residuals.

P4 showed a most severe illness course over two
months. Inspite of immediate treatment with full dose
heparin, she deteriorated secondary after 12 hours.
This right-handed patient presented with dysphasia,
severe left sided brain edema with imminent uncal
herniation and diffuse congestional temporo-parietal
bleeding in ischemic brain tissue (Fig. 4a and 4b).
Therefore, despite extensive brain swelling during
craniotomy, only a large bone flap was removed com-
bined with duraplasty without hematoma evacuation
and resection of potentially viable tissue. Postopera-
tive CT scan showed massive brain swelling with be-
ginning herniation through the bone defect and still
imminent uncal herniation (Fig. 1c¢). The patient un-
derwent a second intervention for enlargement of the
craniectomy and duraplasty (Fig. 1d). Nevertheless,
the ICP increased up to 50 mmHg inspite of osmother-
apy, THAM and mild hyperventilation. With com-
bined hypothermia and barbiturate coma, the ICP
could be controlled and cerebral perfusion pressure
(CPP was maintained over 70 mmHg with aggressive
fluid replacement and inotropes (noerepinephrine and
dobutamine). Barbiturate coma was stopped and the
patient had to be rewarmed after 18 days because of
severe sepsis syndrome starting from a catheter in-
fection. Intracranial hypertension persisted with ICP
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Fig. 4. Patient 4. (a and b) Show mass effect temporo-parietal left sided due to venous congestion and infarction and hemorrhage in the in-
farcted area. Compression of left sided lateral ventricle, midline shift and uncal herniation. (¢c) CT scan after first “external decompression”.
(d) CT scan after second “‘external decompression” with enlargement of the craniectomy and duraplasty. The compression of the left sided
ventricle is diminishing

values between 20 and 30 mmHg. Fundoscopy
showed persistent bilateral papilledema. On day 24,
the patient was additionally treated with acetazola-
mide 4 x 250 mg i.v. which was effective in lowering
ICP to 15-20 mmHg. On day 28, in CT scans brain
swelling was declined and, with a normal size of the
ventricular system a ventricular drainage was inserted
into the left lateral ventricle. The patient was treated
with cerebrospinal fluid (CSF) drainage (150-200 ml/
day) and ICP values remained below 15 mmHg. Seda-
tion was stopped after treatment of elevated ICP for 33
days. The patient developed a communicating hydro-
cephalus and ventriculoperitoneal shunt was inserted.
The bone flap was implanted 2 months after surgery.
In the 3-month follow-up evaluation of this patient
only slight motoric dysphasia was described, otherwise
the patient had no neurological deficits.

Discussion

In the largest cohort with 624 CVT patients (ISCVT
study) death occurred in 8% and moderate to severe
disability in 5.1% [30]. The authors suggested that
high-risk patients may benefit from more aggressive
therapeutic interventions.

Decompressive surgery for supratentorial arterial
ischemic infarctions has been performed for decades
[2, 21, 25, 26]. Krayenbiihl in 1966 described four pa-
tients with CVT and space-occupying local or diffuse
brain edema treated with decompressive craniotomy
[24]. Three of them recovered with good outcome. In
the following years two single case reports and one

case series with three patients treated with decompres-
sive craniectomy were described [4, 6, 8]. All five pa-
tients were treated late in deep coma or with signs
of diencephalic dysfunction [6] or fixed dilated pupils
[4]. In severe middle cerebral artery (MCA) stroke
patients, nevertheless, it has been shown that early de-
compressive craniectomy (before signs of herniation
are apparent) improves survival and functional out-
come [5, 21].

Indications for decompressive craniectomy in the
present series of four patients with CVT were progres-
sive neurological deterioration, together with charac-
teristic CT signs of space occupying mass effect. Risk
factors for an unfavourable outcome, identified with
the ISCVT study were present in all our patients [30].
All four patients showed intraparenchymatous hemor-
rhage on admission CT scans, clinical deterioration
and were 37 years old or older. GCS before surgery
was in mean 10.2 and no patient showed signs of dien-
encepahlic syndrome or third nerve palsy. With the
extended indications our patients were treated early
avoiding irreversible brain damage due to herniation.
All patients survived with good functional outcome.
In previous series, with late decompressive surgery in
CVT, three of five patients survived with good func-
tional outcome [4, 6, 8].

In the present series two patients were treated pri-
marily with “internal decompression” (craniectomy
with hematoma evacuation and resection of infarcted
tissue). In both patients, postoperatively, ICP normal-
ized, sedation could be stopped the first day and
the patients could be extubated early. The other two
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patients were treated with “external decompression”
(craniectomy combined with duraplasty). In both of
them, pronounced brain edema developed and ICP
values increased within the first hours after craniot-
omy. They both had to be treated with a second surgi-
cal decompression. The two patients treated primarily
with less invasive external decompression had more
prolonged ICU courses. This might be due to bone
flaps and dura extension, not being large enough to
provide sufficient decompressive effect [11, 20]. On the
other hand, with the very early surgical intervention,
the affected brain tissue being congested but not yet
completely infarcted, external decompression may
lead to rapid resolve of venous congestion and reperfu-
sion may attenuate increasing cytotoxic brain edema.
In MCA stroke as well as in trauma patients different
surgical techniques, decompressive craniectomy with
dural augmentation versus internal decompression
with removal of infarcted tissue and disimpaction of
the uncus are extensively discussed [2, 21, 25, 26]. In
this small case series with four patients the benefits of
different surgical approaches can not be evaluated.
The decision for the surgical technique may depend
on the differentiation of viable from non-viable brain.
Venous infarcts differ significantly from arterial in-
farcts in having more edema and less necrosis, explain-
ing a higher potential for recovery [29]. It appears rea-
sonable that, if during surgery it is visible that the
affected brain regions are completely infarcted and in-
traparenchymatous bleeding is localized with extensive
mass effect, one prefers primarily haematoma evacua-
tion and resection of infarcted tissue. On the other
hand, in patients with only partially infarcted brain
parenchyma, diffuse intraparenchymatous bleeding
and more prominent effect of space-occupying brain
edema the less invasive technique with external decom-
pression is preferred. In particular a little aggressive
procedure is the more selected, if the brain region con-
cerned is in a possibly eloquent area as it was with our
fourth female patient the case.

As other invasive approaches, small case series with
endovascular treatment (balloon angioplasty, rheo-
lytic thrombectomy) or open thrombectomy, com-
bined with thrombolysis (urokinase or tissue plasmino-
gen activator) are described [8—10, 16, 19]. One case
report documents the possibility of microsurgical re-
vascularization with a venous bypass [15]. CVT leads
to impaired venous outflow, venous congestion, infarc-
tion with cytotoxic brain edema and impaired reab-
sorption of CSF [9, 23]. Intracranial hypertension

E. Keller et al.

develops, worsening these pathogenetic mechanisms.
Decompressive surgery may interrupt this vicious
circle by diminishing the intracapillary pressure thus
resolving venous congestion, improving cerebral per-
fusion and allowing time for cortical collateral vein
drainage [4]. On the other hand, thrombectomy, phar-
macologic thrombolysis and venous bypass surgery
are causal therapeutical approaches which might be
combined with decompressive surgery.

Anticoagulation is the most important therapeutic
starting point in medical treatment of CVT even in pa-
tients with intraparenchymatous hemorrhage [1, 13,
27]. Heparin restrains the propagation of the clot [12,
29]. Therefore, despite an increased bleeding risk with
full dose anticoagulation initiated early after craniot-
omy [14], in our patients heparin was started 12 hours
postoperatively with half dosage (9 U/kg BW/hour
cont. i.v.) and 24 hours after surgery with full dosage
(18 U/kg BW/hour cont. i.v.), adapted to a target
PTT of 2 to 2.5 fold. No enlargement of existing in-
traparenchymatous hematoma or other intracranial
bleeding complications occurred.

With persistent intracranial hypertension after
extensive surgical decompression, conventional ICP
treatment modalities (osmotherapy, THAM-buffer
and mild hyperventilation) may be insufficient. In pa-
tients with extensive brain edema the insert of a ventri-
cle probe for CSF drainage is often not possible by the
compression of the side ventricles. In these most severe
cases, treatment with barbiturate coma and/or mild
hypothermia with ICP lowering and neuroprotective
properties [18] are to be considered.

Patients with persistent papilledema and intracra-
nial hypertension inspite of decreased brain edema,
normal ventricles on neuroimaging and normal CSF
composition fullfill the criteria of pseudotumor cerebri
[17]. In these patients visual loss may be insidious and
ventriculoperitoneal shunting may be performed.

In conclusion: Favourable funtional outcome in se-
lected patients with most severe courses of CVT can
be achieved by early decompressive craniectomy. Indi-
cations for early surgery are progressive deterioration
instead of adequate anticoagulation therapy, with CT
signs of mass effect by space occupying brain edema,
venous infarction and congestional bleeding, leading
to midline shift and/or obliteration of the basal cisterns
indicating imminent brain herniation within the next
hours or days. Anticoagulation therapy with full dose
heparin 24 hours after craniotomy seems to be safe.
Results of a larger series would be valuable in support-
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ing our hypothesis that surgery in an early stage of
disease may be beneficial and that internal as well as
external craniectomy have their place, depending on
every individuals clinical and CT findings. In future,
techniques for decompressive surgery combined with
thrombectomy deserve to be evaluated.
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The papers in this volume summarize information about the most recent and
effective techniques for treating diffcult functional problems and painful situa-
tions by using minimally invasive spinal surgery techniques. Spinal endoscopy
both for diagnostic and treatment purposes is presented as well as microsurgical
operations for spinal problems, intradiscal techniques for the treatment of disc
degenerative pathology, and dynamic stabilization techniques together with an
up-to-date review of physiopathology of the diseases. New trends in peripheral
nerve surgery are presented. Also the problem of traumatic nerve lesions in dif-
ferent anatomical districts is analyzed with special attention on the theme of
thoracic outlet syndrome. The posttraumatic aspects of this disease are dis-
cussed both in respect of its causative mechanisms, and its medicolegal aspects.
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Gamma knife radiosurgery has grown continually in importance in recent years.
However, there was a lack of established clinical and physical quality standards
and a good knowledge of the possibilities of radiosurgical treatment for brain
lesions.This book fills the gap by giving an overview of the current status of Euro-
pean gamma knife radiosurgery. Leading european experts report on their spe-
cialities in this field which is a state-of-the-art summary of the possibilities and
results of their current work. The book encompasses all important as well as the
more rare indications. All relevant technical and clinical quality standards are
addressed.Tailored planning strategies are described for different indications. All
professionals who care for patients with neurosurgical disease, such as neurosur-
geons, radiosurgeons, radiologists, radiation oncologists and neurologists will
find the book highly useful for the management of patients with benign and
malignant brain lesions in a multidisciplinary setting.
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Agreed standards and guidelines are the heart and soul of improving the diff-
ering training systems and to harmonize neurosurgical training in the European
countries. Such standards and guidelines have been laid down in the European
Training Charter of the European Union of Medical Specialists and recently
novellated.

This book, written by experienced neurosurgeons, offers all those concerned
with neurosurgical training - trainers and trainees — practical advice to imple-
ment the above mentioned standards and recommendations. It has been written
as a manual: “How to do it” It describes the tasks of a chairman (programme
director), the tasks of the teaching staff, the organisation of a training curriculum,
a rotation plan or a morbidity and mortality conference, the periodic progress
evaluation, the course of an external audit and many more important topics. It
contains a lot of practical tips, check lists and useful examples.

Well educated young colleagues offer “safe neurosurgery” to our patients.
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