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Abstract

Background: Neurovascular surgery has been practiced in Shiraz, the main referral
center of the Southern Iran, for over 30 years; however, the trend has accelerated
tremendously in recent years following subspecialization of neurovascular surgery
in Shiraz, Department of Neurosurgery. Over 100 patients are operated each year,
and nearly all are addressed during the first 72 hours after presentation.

Methods: In this paper, we focus on the description of techniques we apply for early
clipping of ruptured intracranial aneurysms in the anterior circulation. Improvements Web

. . . . ebsite:

in outcome, mortality, and rebleeding rates are also discussed. wwwsurgicalnevrologyint com

Results: Mortality and rebleeding rates have declined significantly since the Dol:
institution of new techniques. 10.4103/2152-7806.105095

Quick Response Code:
Conclusion: The establishment of early surgery for ruptured anterior circulation
aneurysms through the lateral supraorbital approach along with specific anesthetic
protocol has resulted in significant improvement of morbidity, mortality, and
rebleeding rates at our department.
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INTRODUCTION

referral center of neurosurgery, and the only referral
center for cerebrovascular surgery in Southern Iran.

One of the early complications of subarachnoid  Neurovascular surgery has been practiced for over

hemorrhage (SALH) due to ruptured intracranial aneurysm
is rebleeding. Patients who survive after the initial
hemorrhage are at risk for this deadly complication.
Prevention of rebleeding occurs by total isolation of the
ancurysm from blood circulation either by open surgery
or endovascular techniques.®>'”’ The average annual
mortality rate for SAH has shown a decreasing trend that
Is associated with new strategies such as ecarly surgery
within 72 hours after the onset of SAH.!'S)

Shiraz University of Medical Sciences is the principal

30 years; however, as a rtesult of subspecialization
of neurovascular surgery in the department, the
trend has accelerated tremendously recently. All
ruptured aneurysms of the anterior circulation are
treated during the first 72 hours after presentation in
our center. We present details of the strategies and
techniques we apply for early clipping of ruptured
anterior circulation aneurysms, and will compare our
results with results of cases operated carlier using a
different strategy.
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MATERIALS AND METHODS

Patient population

Department of neurosurgery of Shiraz University of
Medical Sciences is the main referral center for aneurysm
surgery in Southern Iran. All patients from the same
province, and over 70% of patients from neighboring
provinces refer to our center for treatment. This accounts
for a referring population of 5.5 million people, and
constitutes a sum of over 100 cases of documented
intracranial ancurysms operated each year in our center.
This gives an incidence rate of nearly two cases of SAI
per 100,000 population per year.

Our previous treatment strategy of ancurysmal SAH
carlier than 2010 in the majority of patients included
delayed surgery using the pterional approach with an
old neuroanesthetic protocol. Since 2010, we have been
following an early surgery program using the lateral
supraorbital approach and advanced neuroanesthesia (the
Helsinki protocol) for nearly all patients.

Diagnosis

Diagnosis of SAI is performed using unenhanced brain
computed tomographic scan (CT). Lumbar puncture
is performed to rule out xanthochromia in the case
of normal brain CT. Brain CT angiography (CTA) is
requested at the next step, which shows intracranial
aneurysm in over 95% of cases. If brain CTA is negative,
four vessel angiography within 7-10 days is performed the
next stage for diagnosis.

Most patients were in 45- to 55-year-old age group
(male—female ratio =0.95). On admission, 56 patients
(35%) presented with Hunt and Hess grade 1 and Fisher
grade 3 (62.5%); and the most common location of the
aneurysm was MCA (33%) [Table 1].1%%)

Treatment strateg

Due to the better familiarity of our specialists with
microsurgical  clipping rather than  endovascular
techniques, most ancurysms undergo direct clipping in
our center. Some patients are operated only a few hours
after ancurysmal SAH but mostly are treated within the
first 72hours of presentation.

Preparation before operation

All patients with aneurysmatic SAH are admitted to the
ICU, and aggressive medical care and monitoring are
provided. Noise, noxious stimuli (including intramuscular
injections), and unnecessary visits are prohibited.
Prophylactic anticonvulsant is given which usually
includes phenytoin loading followed by maintenance
dose. Sedation and analgesia are wusually provided
by benzodiazepines and morphine, respectively, in
small dosages. Steroids, nimodipine, I, blockers, and
stool softeners are ordered routinely. Triple I therapy
(hypertension, hypervolemia, and hemodilution) is a
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standard, but such therapy may be fully instituted after
successful elimination of the aneurysm.

Preparation of operating theater

In addition to routine equipments used for anesthesiology
and microncurosurgery, other facilities dedicated to the
field of vascular neurosurgery are utilized exclusively
for aneurysm surgery. Operative microscope (OPMI
Pentero, Carl Zeiss Company) is armed by indocyanine
green (ICG) angiography. Microscope-integrated near-
infrared indocyanine green videoangiography (ICG-VA)
can provide reliable information about residual parts and
the patency of important branches and perforators.>”
Intraoperative Doppler sonography is also performed
routinely in most of the cases.

Positioning

The operating table arms with remote control for
positional changes such as head up or down and table
rotation to the right or left side. Jugular veins are checked
to remain uncompressed. Belts are used to fix the patient
to the operating table and pressure points are protected
by pads and cushions. We place a roll under the patient

Table 1: Demographic, cinical, and outcome parameters
in patients operated using the new and old protocols

Protocol (%) New (%) 0ld (%)
Number of patients operated 160 174
Number of aneurysms 205 204
Sex
Male 78 (48.8) 66 (37.9)
Female 82 (51.2) 108 (62.1)
Multiple aneurysms 27 (16.9) 25 (14.4)
Age (mean, range) 55, 1-86 50, 17-80
Aneurysm location
MCA 68 (33.2) 26 (15)
ACom 61(29.8) 67 (38.5)
Others 76 (37.0) 81 (46.5)
Hunt & Hess Grade
1 56 (35.0) 26 (14.9)
2 51(31.8) 62 (35.6)
3 15(9.4) 66 (38.0)
4 16 (10.0) 8 (4.6)
5 22 (13.8) 12 (6.9)
Fisher Grade
1 26 (16.2) 25 (14.4)
2 21(13.2) 50 (28.7)
3 100 (62.5) 80 (50.0)
4 13(8.1) 19(11.9)
GOS
1 22 (13.8) 34 (19.5)
2 2(1.3) 6 (3.5)
3 5(3.1) 8 (4.6)
4 19 (11.8) 34 (19.5)
5 112 (70.0) 92 (52.9)
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shoulder to provide a suitable position of the head above
the cardiac level [Figure 1].

Approach

Our technique involve skull fixation in the three-point
fixating head frame, clevation of the head above level of
the heart and 15°-30° of head rotation with slight lateral
tilting and extension [Figure 1].

Minimal shaving is performed and skin preparation
with iodine solution and alcohol is done. An 8-10 cm
frontotemporal skin incision is outlined by a surgical
marker at least 1 cm behind the hairline until 2-3 c¢m
above the zygomatic arch [Figure 2]. Subcutancous
injection of diluted epinephrine is performed in advance
to optimize skin hemostasis. To avoid atrophy of the
temporalis muscle and injury to the frontalis branch of
the frontal nerve, muscle is incised not more than 1.5-
2 cm in length, and it is elevated with the skin as a single
one-layer flap. We use fishhooks for retraction of the flap

Figure |: Patient’s position during the lateral supraorbital
approach.A roll is placed under the shoulder to provide a suitable
position for the head above cardiac level. We perform skull fixation
in the three-point fixator frame, and provide 15°-30° of head
rotation with slight lateral tilting and extension

Figure 3:The temporalis muscle is incised not more than 1.5-2 cmin
length, and it is elevated with the skin as a single one-layer flap.We
use fishhooks for retraction of the flap to the front. A single bur
hole is placed under the superior temporal line
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to the front [Figure 3]. After retraction of flap, excellent
exposure of the superior orbital rim and superior temporal
line is achieved.

A single bur hole is placed just under the superior
temporal line and a 3 by 4 cm free bone flap is clevated
by craniotomy [Iigures 4 and 5]. We use microdrill
for drilling of the frontal side of sphenoid ridge. Dural
opening 1s performed in a curvilinear fashion and
dural flap is fixed by multiple stitches. At this point,
microscope is brought to the field and is in use until the
end of dural closure.

Neuroanesthesia

Administration of appropriate neuroanesthesia is one of
the most important stages of operation. We have recently
switched to the Helsinki protocol for neuroanesthesia,
which has been very effective in providing a relaxed
brain. We use agents such as mannitol, lasix,
remifentanil, and propofol. In case blood pressure
drops, we start norepinephrine instead of tapering the

Figure 2: An 8-10 cm frontotemporal skin incision is outlined by
a surgical marker | cm behind the hairline until 2-3 cm above the
zygomatic arch

Figure 4: A 3 by 4 cm free bone flap is elevated by craniotomy
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Figure 5: Postoperative three-dimensional CT scan of a patient who
underwent the lateral supraorbital approach. Note the small size of
the craniotomy and its relation to anatomic landmarks

dose of propofol and/or remifentanil. Sometimes brain
relaxation is not achieved with such a combination,
thus sodium thiopental is added. For maximal brain
relaxation, opening of lamina terminalis and/or Liliequist
membrane, and drainage of CSF is performed. Opening
of the lamina terminalis is an easy way to CSE drainage
and optimal brain relaxation.” In some severely swollen
brain, ventriculostomy from Paine’s point is performed to
help further brain relaxation.?

Dissection

Meticulous dissection of sylvian fissure is performed.
Intermittent water dissection is a proper option.!*#%]
After release of the aneurysm from adhesions, an
appropriate clip is selected. We usually use temporary
clipping while releasing the ancurysm for about 3 min,
not exceeding 5 min. The first clip is usually the pilot
clip, and the appropriate permanent clip will be applied
after complete ancurysm base visualization. Great care is
taken under high magnification of microscope to preserve
all branches and perforators. Blood flow of proximal and
distal of aneurysm is checked by intraoperative ICG
angiography and Doppler sonography after clipping.
Usually, puncture and shrinkage of the anecurysm is
done meticulously for good visualization of all branches.
Intraoperative rupture of aneurysm is much less common
when using temporary clipping (<10%). After finalizing
the permanent clip, oxidized cellulose (surgicel)-soaked
papaverin is placed in situ to relieve regional vasospasm.

Closure

Dura is closed meticulously under the microscope, and
bone flap is fixed. Afterward, muscle, subcutaneous layer,
and skin are repaired in three separate layers.

Postoperative course
The patient is transferred to the neurosurgical intensive
care unit and the previously mentioned medications and

http://www.surgicalneurologyint.com/content/3/1/156

care are continued. The patient is allowed to wake up
gently, and postoperative brain CT scan will be performed
a few hours after the operation. Follow-up brain CTA is
performed routinely as soon as possible.

RESULTS

Comparing outcome measures [Table 1] in recently
operated (new protocol) with previously treated (old
protocol) patients, it becomes evident that mortality and
rebleeding rates have declined significantly. Mortality
rate, once reported to be as high as 40%," and later
calculated to be about 20%, is now reported to be about
14%, regardless of the significant increase in the number of
high-grade patients (Hunt and Hess grade 4 and 5). Acute
phase rebleeding used to occur in 10.5% of patients!!! while
the incidence is now 1-2%, occurring most commonly in
patients who have been referred with delay after 72 h.
Interestingly, a significant number of rebleeding cases have
occurred at the time or just before craniotomy.

Another significant change has occurred as a result of new
Helsinki protocol for anesthesia. There is rarely a problem
such as a swollen or tight brain, and drainage of CSI
through the lamina terminalis yields very relax brains;
whereas in the past, the problem of a tight brain required
some partial frontal lobectomy for better exposure of
the skull base. Postoperative brain contusion used to
occur in significant number of our patients because of
massive retraction in setting of edematous brain, and
some of these cases needed reoperation (decompressive
craniectomy or lobectomy). The incidence of such
situations is now extremely rare.

DISCUSSION

The incidence rate of SAH is different around the
world. The highest rates have been reported to occur in
Finland and Japan (21.4 and 27 per 100,000 person per
year; respectively), almost three times as high as in the
other parts of the world.?'*! An carlier study performed
in our department showed that the rate of SAH was
approximately one per 100,000 population.!"** New
data suggest an annual rate of 2 per 100,000, which is
still much less than the reported worldwide rate of 10
per 100,000.°) Such an increase is mainly due to better
diagnosis and referral. We believe that a new community-
based study is needed to estimate the real incidence rate
of SAH in our country.

The treatment of patients with ruptured intracranial
aneurysm has shifted from “delayed” to “carly” approach
during the past three decades. Early surgery was avoided
in the past to prevent surgical difficulties arising from
cerebral edema and vasospasms!>!”?l; however, rebleeding
before surgery remained a prominent cause of morbidity
and mortality. In late 1980s and following reports of safety
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of earlier surgery,"#?0313540] centers started to change

their protocols toward early surgery. The International
Cooperative Irial data reported improved outcomes
in patients who had surgical treatment within the first
3 days.'21718] Thereafter, early surgery became a standard
treatment protocol of most experienced neurosurgical
centers especially for Hunt-Iless low-grade patients.

The highest risk of rebleeding is through the first day
(4-6%), which increases over the following days, totally
reaching about 28-30% after 1 month and about 50%
within 6 months.?##4 Over half of the patients with
rebleeding from ruptured aneurysm die.® Early surgery on
ruptured anterior circulation aneurysms is associated with
better outcome than delayed surgery."”! Surgery or coiling
after 10 days has reported to produce poor outcomes;
and procedures within 5-10 days produce less favorable
outcomes than earlier treatment. Treatment during the
first 3 days produces the best outcome.!'M121426 Previously
in our department, there was a trend for late operation
of ruptured intracranial ancurysms, because swollen tight
brain at surgery would not allow proper exposure of the
skull base vasculature. The rate of morbidity, mortality,
and rebleeding were therefore high. The establishment
of the new lateral supraorbital approach along with the
Helsinki anesthetic protocol®* has permitted early surgery
over the slack brains with less morbidity and mortality.
We do believe that the advanced neuroanesthesia is
one of the most important factors for success in the
lateral supraorbital approach. Also, carly surgery has
significantly decreased the rebleeding rate, and it allows
carlier optimization of prophylactic and therapeutic
treatments for cerebral vasospasm, the major determinant
of morbidity and mortality in SAH patients.™

The majority (about 85%) of ancurysms are found in
anterior circulation.” Definitive prevention of rebleeding
is isolation of the aneurysm from circulation, either by
open surgery or endovascular techniques.”® Endovascular
approach is very expensive in our country, and access to
facilities and materials is restricted. There is also limited
experience and only few endovascular neurosurgeons.
Due to the better familiarity of the neurosurgeons at our
department with open microvascular techniques, this is
our preferred approach in treating ruptured intracranial
aneurysms.

Standard pterional craniotomy is a popular operative
technique  for clipping of anterior circulation
aneurysms. ™! This approach has been used in our clinic
in the past. After visiting Professor J. Hernesniemi in
Helsinki Neurosurgical Department (Finland) in 2010,
our team followed the lateral supraorbital approach
for the majority of anterior circulation aneurysms.
This approach avoids some of the complications that
usually arise during the classic pterional approach,
such as wasting of the temporalis muscle, injury to the
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frontalis branch of facial nerve, poor cosmesis related
to larger craniotomy, and larger skin incision. Duration
of operation and amount of blood loss also decrease
significantly in this approach. 13637

Based on these benefits, carly surgery has become a
standard in treating most ruptured anterior circulation
ancurysms, except of those in high-grade SAH patients
with profound medical problems. The timing of surgery

for ruptured aneurysm In posterior circulation is

controversial. 111231

CONCLUSION

The establishment of carly surgery for ruptured anterior
circulation aneurysms through the lateral supraorbital
approach along with specific anesthetic protocol has
resulted in  significant improvement of morbidity,
mortality, and rebleeding rates at our department. In this
study, we tried to share our experience about this simple
and small approach, incorporated during the first 3 days
of ancurysm rupture. Our center is the main referral
center for cerebrovascular neurosurgery in Southern Iran
and our preliminary report on the techniques encourage
us to use this approach for anterior circulation aneurysm
clipping. We recommend to use this approach in surgery
of ruptured and, of course, unruptured aneurysms.
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