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Objective : This study was performed to elucidate the technical and patient-specific risk factors for postoperative ischemia in patients
undergoing temporary arterial occlusion (TAO) during the surgical repair of their aneurysms. 
Methods : Eighty-nine consecutive patients in whom TAO was performed during surgical repair of an aneurysm were retrospectively analyzed.
The demographics of the patients were analyzed with respect to age, Hunt and Hess grade on admission, Fisher grade of hemorrhage, aneurysm
characteristics, timing of surgery, duration of temporary occlusion, and number of temporary occlusive episodes. Outcome was analyzed at the 3-
month follow-up, along with the occurrence of symptomatic and radiological stroke.   
Results : In overall, twenty-seven patients (29.3%) had radiologic ischemia attributable to TAO and fifteen patients (16.3%) had symptomatic
ischemia attributable to TAO. Older age and poor clinical grade were associated with poor clinical outcome. There was a significantly higher rate
of symptomatic ischemia in patients who underwent early surgery (p = 0.007). The incidence of ischemia was significantly higher in patients with
TAO longer than 10 minutes (p = 0.01). In addition, patients who underwent repeated TAO, which allowed reperfusion, had a lower incidence of
ischemia than those who underwent single TAO lasting for more than 10 minutes (p = 0.011).
Conclusion : Duration of occlusion is the only variable that needs to be considered when assessing the risk of postoperative ischemic
complication in patients who undergo temporary vascular occlusion. Attention must be paid to the patient’s age, grade of hemorrhage, and the
timing of surgery. In addition, patients undergoing dissection when brief periods of temporary occlusion are performed may benefit more from
intermittent reperfusion than continuous clip application. With careful planning, the use of TAO is a safe technique when used for periods of less
than 10 minutes.
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INTRODUCTION

Temporary arterial occlusion (TAO) is an established
technique for the repair of intracranial aneurysms (ICAs),
and it facilitates the dissection of aneurysms that are
densely adherent to adjacent vasculature or the repair of
giant aneurysms. Apart from the reduced risk of rupture
associated with aneurysm manipulation, TAO allows
evacuation of intramural calcification and thrombosis
before definitive clipping in large aneurysms. A number of
authors have attempted to establish safe time periods for
temporary occlusion, defining their end points variously as
clinical ischemic deficit or radiological evidence of ische-

mia2,4,10,14,15,18,20). However, the period of stroke-free tempo-
rary occlusion varies considerably depending on clinical
factors as well as which vessel is occluded2,3,11,16,21,24,25). When
estimating the potential risks of ischemia in patients under-
going temporary vessel occlusion during surgery for ruptured
aneurysms, factors other than the time of vessel occlusion
need to be taken into account. These factors may include
older patient age, poor grade of hemorrhage, location of
aneurysm, size of aneurysm, and the risk of intraoperative
aneurysm rerupture. This study was performed to assess
factors that may increase the risk of ischemic complication
resulting from temporary arterial occlusion in patients with
ruptured aneurysms. 

MATERIALS AND METHODS

Patient population
Between March 2001 and February 2006, 139 patients

with aneurysmal subarachnoid hemorrhage (SAH) were
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treated surgically. Temporary arterial occlusion was per-
formed in 95 of these patients to facilitate dissection and
permanent aneurysm repair. Inadvertent permanent vessel
occlusion was identified in six patients, and these patients
were excluded from further analysis. The final study
population included 89 patients. The patients were 50 men
and 39 women with a mean age of 48.8 years (range 22 - 73
years) (Fig. 1). The medical records, operative anesthesiology
and radiology reports for these patients were retrospectively
reviewed.

Surgical procedure
All of the patients underwent microsurgery performed by

one surgeon. General anesthesia was induced using thio-
pentone and maintained with isoflurane and fentanyl.
Normothermia and normotension were maintained during
this time. Mannitol and barbiturate infusion were admin-
istered during temporary clipping for brain protection.

In all patients undergoing intermittent occlusion, a reper-
fusion period of more than 5 minutes was allowed between
occlusive episodes. This amount of time has been shown to
be protective after short periods of temporary occlusion
(Table 1).

Assessment of variables
The patients’ medical and radiological records were revi-

ewed with respect to patient age, Hunt and Hess grade on
admission, Fisher grade of hemorrhage, aneurysm characte-
ristics, timing of surgery, duration of temporary occlusion,
and number of occlusive episodes.

All patients underwent CT scanning during the early
postoperative period to screen for the development of new
ischemic areas. Assessment of postoperative ischemia can be
difficult when there are coincidental confounding factors
such as inadvertent permanent vessel occlusion, surgical
trauma related to retraction injury and distal hypodensity
following hematoma evacuation and vasospasm. However,
with careful appraisal of surgical methods, perioperative
angiography, and clinical conditions, these factors can be
detected and avoided during temporary clipping. In patients
who developed vasospasm, the clinical time course and
distribution of the infarcts allowed for an assessment of
whether they were related to temporary occlusion or vaso-
spasm, and they were recorded accordingly. However, ische-
mic change from inadvertent vessel occlusion during aneu-
rysm clipping was not sorted out from ischemic change
from temporary arterial occlusion. As a result, six patients
were excluded from further analysis due to inadvertent
vessel occlusion during aneurysm clipping. 

In the 89 patients included in the final analysis, ischemic

change was assessed on the basis of radiological and clinical
findings. If patients had ischemic change on radiologic
imaging but not had a neurologic deficit clinically, it was
defined as radiologic ischemia. If the patient had a neuro-
logic deficit and ischemic change was seen on radiologic
imaging, it was defined as symptomatic ischemia. Clinical
outcome was assessed using the Glasgow Outcome Scale
(GOS) after 3 months after the surgery. A good outcome
was defined as a GOS score of 4 or 5, and a poor outcome
was defined as a GOS score of 1, 2, or 3.

Statistical analysis
Univariate and multivariate analyses were conducted.

Categorical variables were compared using the chi-square or
Fisher tests, and continuous variables were compared using
the t-test when appropriate. Differences with a probability
value of less than 0.05 were considered statistically signi-
ficant. The end points considered included the occurrence
of radiological documented stroke determined on postopera-
tive CT scan, the development of symptomatic stroke, and
clinical outcome. Commercially available software (SPSS)
was used for all statistical calculations.

RESULTS

Nineteen (20.6%) of the ruptured aneurysms treated were
larger than 10 mm in diameter. The ruptured aneurysms
were located in the anterior communicating artery area in
48 (52%) patients, on the middle cerebral artery (MCA) in
34 (37%) patients, the ICA in 8 (9%) patients, and the
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Fig. 1. Graph showing age and sex distribution of the candidates. 
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Table 1. Stratification of patients by type and time of occlusion

Total occlusion time (mins)
No. of patients (%)

Continuous Intermittent

< 5 13 (18.0) -

5 - 10 27 (37.5) -

11 - 20 21 (29.2) 6 (30.0)

> 20 11 (15.3) 14 (70.0)



ACA in 2 (2%) patients (Table 2). The low incidence of
posterior circulation aneurysms in this series reflects our
policy of performing endovascular therapy as the primary
mode of treatment for these aneurysms, especially when
they are located on the BA.

Overall, twenty-seven patients (29.3%) had radiologic
ischemia attributable to TAO and fifteen patients (16.3%)
had symptomatic ischemia attributable to TAO. With the
exception of 1 patient who died within 2 weeks after the
onset of hemorrhage, the mean follow-up time was 11.5
months (range, 3 months-29 months). A good outcome
(GOS 4-5) was achieved in 75 (84.3%) patients, and 14
(15.7%) patients had poor outcomes (GOS 1-3). One of
the patients who experienced a poor outcome died.

Age as a prognostic factor
There was no distinct increase in the risk of ischemic

complication in the patients 50 years of age or older in our
series. Age younger than 50 years was associated with a
16% risk of symptomatic ischemia, while age 50 years or
older was associated with a 16.7% risk of ischemia. Univa-
riate analysis revealed that age older than 50 years was not
significantly associated with symptomatic (p = 0.931) or
radiologic ischemic complication (p = 0.881). However,
clinical outcome was significantly associated with patient
age (p = 0.07). In addition, the incidence of symptomatic
ischemia tended to be higher in patients over 60 years of
age. Age younger than 60 years was associated with a 14%
risk of symptomatic ischemia, while age 60 years or older
was associated with a 26.7% risk of symptomatic ischemia
(p = 0.235).

Hunt and Hess grade of hemorrhage
The Hunt and Hess grade of hemorrhage was related to

the overall outcome but not to the risk of ischemic compli-
cation. The term “good grade” has been used throughout
the text to describe patients with SAH of Hunt and Hess
grade I to III, and “poor grade” was used to describe those
with SAH of Hunt and Hess Grades IV or V. A favorable
outcome was achieved in 59.1% of the patients with poor-
grade hemorrhages. Univariate analysis revealed that the

grade of hemorrhage was significantly
associated with outcome (p = ≤
0.001), but not with symptomatic
ischemia (p = 0.698) or radiologic
ischemia (p = 0. 806).

Fisher grade
Fisher grade was related to overall

outcome but not the risk of ischemic
complication. The term “good grade” was used throughout
the text to desc-ribe patients with Fisher grade 1-2, and
“poor grade” was used for those with Fisher grade 3-4. All of
the patients with good grades had satisfactory outcomes,
whereas 77.6% of the patients with poor grades had
satisfactory outcomes. Univariate analysis revealed that
Fisher grade was signifi-cantly associated with outcome (p =
0.01), but not sympto-matic ischemia (p = 0.495) or
radiologic ischemia (p = 0. 862).

Aneurysm characteristics
Aneurysm size larger than 10 mm and the location of the

aneurysm were not significantly associated with a poor
outcome. Similarly, the incidence of symptomatic or radio-
logic ischemic complication was not significantly related to
the size or location of the aneurysm. On univariate analysis,
the location of the aneurysm was not significantly associated
with outcome (p = 0.429), symptomatic ischemia (p =
0.234), or radiologic ischemia (p = 0.361). However, the
incidence of symptomatic ischemia was relatively high in
patients with MCA aneurysms (Table 2). The size of the
aneurysm was not significantly associated with outcome (p =
0.529), symptomatic ischemia (p = 0.529) or radiologic
ischemia (p = 0.373).

Timing of surgery
Univariate analysis revealed that patients who underwent

delayed surgery (post-day 4 after SAH) had significantly
better outcomes than those who underwent early surgery
(between days 0 and 4 following SAH) (p = 0.040). Sim-
ilarly, the results of univariate analysis revealed that there was
a significantly higher rate of symptomatic ischemic compli-
cation in patients who underwent early surgery (p = 0.007)
(Fig. 2).

Duration of temporary occlusion
The incidence of symptomatic ischemia was 5% (2 cases)

in patients undergoing temporary occlusion for periods of
less than 10 minutes and 25% (13 cases) in patients under-
going temporary occlusion for more than 10 minutes. The
incidence of radiologic ischemia was 10% (4 cases) in pati-
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Table 2. Clinical outcome and the incidence of symptomatic ischemia according to the location of
aneurysm

Location 
No. of patients (%)

Radiologic ischemia Symptomatic ischemia Good outcome

ACoA 48 (52) 17 (35.4) 7 (14.6) 43 (89.6)

ICA 8 (9) 1 (12.5) 0 (0) 7 (87.5)

MCA 34 (37) 9 (26.5) 8 (23.5) 27 (79.4)

ACA 2 (2) 0 (0) 0 (0) 2 (100)
ACoA : anterior communicating artery, ICA : internal carotid artery, MCA : middle cerebral artery,
ACA : anterior cerebral artery
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ents undergoing temporary occlusion for less than 10 min-
utes and 44% (23 cases) in those undergoing temporary
occlusion for more than 10 minutes. There was no signi-
ficant association between the outcome and the duration of
temporary occlusion (p = 0.151). Univariate analysis reveal-
ed that increased duration of temporary occlusion was
associated with a significant increase in symptomatic
ischemic complication (p = 0.010) (Fig. 3) and radiologic
ischemic complication (p = ≤ 0.001). 

Repeated temporary arterial occlusion and effect
of reperfusion

The incidence of symptomatic ischemia was 15% (3
cases) in patients undergoing temporary occlusion with
reperfusion and 31% (10 cases) in patients undergoing
temporary occlusion without reperfusion. The incidence of
radiologic ischemia was 35% (7 cases) in patients under-
going temporary occlusion with reperfusion and 50% (16
cases) in patients undergoing temporary occlusion without
reperfusion. Univariate analysis revealed that temporary
occlusion with reperfusion was associated with a significant

increase in symptomatic ischemic complication (p = 0.011)
(Fig. 4) and radiologic ischemic complication (p = 0.001),
but the outcome was not significantly associated with reper-
fusion (p = 0.081).

DISCUSSION

As the use of TAO during aneurysm surgery gains wider
acceptance in the neurosurgical community1,4-6), it becomes
crucial to define the risks of this procedure in patients with
ruptured aneurysms and to identify a reasonably safe period
of occlusion, with emphasis on the anatomical level of
occlusion. With this aim, we evaluated the incidence of
ischemic complication, both radiologic demonstrated and
symptomatic, in our series of patients who underwent tem-
porary arterial occlusion. Radiologic demonstrated ischemia
related to temporary clip application was predominantly
observed in the form of cortical ischemia rather than in the
territory supplied by the perforating arteries. Deep ischemic
areas tended to be small, often measuring approximately 1
cm in diameter and were often seen in the insulonuclear or
caudate region. These lesions are frequently seen after
intraoperative aneurysm rupture, particularly in association
with temporary occlusion of the ICA, and they often
resolve spontaneously, rarely causing persistent neurological
deficits. Deep ischemia may be more difficult to ascribe to
temporary occlusion because the vessel dissection and final
clip placement may affect perforating vessels without the
surgeon’s knowledge. 

The anesthesiology regimen has been quite uniform in
our surgical series, consisting of induction of normothermia
and normotension in all cases. Barbiturate infusion was
initiated a few minutes before aneurysm clipping in the
majority of cases of deliberate temporary occlusion. Some

Fig. 3. Bar graph showing an increased incidence of symptomatic
ischemic complication in patients undergoing temporary arterial occlusion
lasting longer than 10 minutes. TAO : temporary arterial occlusion.
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Fig. 4. Bar graph showing an increased incidence of symptomatic
ischemic complication in patients undergoing single episode of
temporary arterial occlusion longer than 10 minutes than those
undergoing intermittent occlusion, which allowed reperfusion. TAO :
temporary arterial occlusion.
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Fig. 2. Bar graph showing the incidence of symptomatic ischemic
complication resulting from temporary arterial occlusion according to the
timing of surgery. 
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authors have recommended hypertension or hypothermia,
during temporary clipping, while others have advocated the
use of different monitoring techniques to warn the surgeon
of impending stroke so that it can be prevented1,7,8,17,24).
However, these monitoring techniques remain imperfect
and can be misleading26). Neurophysiological monitoring
was not used in our series.

Patient age
In previous studies, older age has been associated with

poor outcomes and a greater risk of stroke13). This result
was probably affected by the incidence of associated medical
conditions. Medical illnesses, especially hypertension and
other vascular diseases, are more common in older patients,
and thus they are more susceptible to borderline cerebral
perfusion and they have less compensation capacity6). Fur-
thermore, older patients may be more symptomatic after
cerebral ischemia due to a diminished functional reserve. In
our study, the incidence of symptomatic ischemia tended to
be higher in patients over 60 years. The reason for the
tendency of increased symptomatic ischemia in patients
over 60 years may be the same as that described in the
previous study.

Hunt and Hess grade 
In our series, Hunt and Hess grade was significantly asso-

ciated with clinical outcome in the univariate analyses.
However, there was no significant association between
stroke and Hunt and Hess grade. In another study, there
was a significant associated between Hunt and Hess grade
and ischemia16). This discrepancy may have resulted from
the bias in our study design. The other study was performed
using multivariate analysis, but our study was performed
with univariate study, and thus the bias led to a different
result.

Fisher grade
In many other studies, the Fisher grade was significantly

related to ischemia risk. They hypothesized that the exist-
ence of subarachnoid blood clots surrounding the cerebral
arteries was the most important factor in eliciting vasospasm
secondary to a ruptured aneurysm, and the distribution of
the blood clot in the site of aneurysm rupture may deter-
mine the distribution of the vasospasm23). In addition,
patients with poor-grade hemorrhage (Grades IV-V) and
greater brain injury may be less able to compensate for
ischemia and therefore have a higher rate of symptomatic
ischemia. In addition, patients who experience such hemor-
rhages have more cortical areas in which there is marginal
perfusion7). With the additional insult of temporary vascular

occlusion, the brain may not be able to sustain cellular
integrity, and this may be the reason for the increased rate
of cortical distribution ischemia.

However, in our study, there was a significant relationship
between Fisher grade and outcome, and this consistent
with the findings of a previous study. However, it was less
closely associated with ischemia risk. This result was differ-
ent from the findings of another previous study. This dif-
ference may result from the bias in our study design. The
other study was performed using multivariate analysis, but
our study was performed with univariate analysis, and thus
the bias led to a different result.

Aneurysm characteristics
In some studies, patients with large aneurysms have a

greater chance of having a poor outcome after SAH than
patients with small aneurysms. In addition, patients with
large aneurysms tend to have a poor clinical condition on
admission. However, in our study, the size of the aneurysm
was not a significant factor for outcome. The relationship
between outcome and aneurysm size reported in the previ-
ous study was that larger aneurysms were associated with
greater accumulation of subarachnoid hematoma. However,
there was no correlation between aneurysm size and amount
of hematoma in our series, and this may have led to the
discrepancy in the results. 

Location was not a significant factor for ischemia, but the
incidence of symptomatic ischemia was relatively high in
patients with MCA aneurysms. Some authors have report-
ed that certain vascular territories, especially the BA and
MCA, are at particular risk when TAO is performed. There
did seem to be less risk when the ICA was occluded, which
may be related to the effects of the circle of Willis and other
collateral circulation sources through various anastomoses.
Occlusion of the MCA involved a higher risk of ischemia
than occlusion of the ICA or other locations combined20).

Timing of surgery
Time of surgery was a significant factor for the develop-

ment of ischemia as well as for the clinical outcome. This
can be due to the fact that the brain may be less tolerant of
focally reduced perfusion pressure from retraction in the
acute stage, and surgery may precipitate cerebral vasospasm
and cerebral dysfunction of immediate or delayed onset12,22).
Furthermore, in the early days following SAH, patients
experience decreased cerebral perfusion, which is present
independent of vasospasm, suggesting an increased suscep-
tibility to stroke. The advantage of delayed over early surgery
in regard to resistance to ischemia is obviously counter-
balanced by the risks of a wait-and-see attitude, especially
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when the overall management of patients with ruptured
aneurysms is considered. 

Duration of temporary occlusion and repeated
temporary arterial occlusion (effect of
reperfusion)

The duration of temporary occlusion remains the most
investigated factor in clinical series of patients who undergo
temporary vessel occlusion14,17,20). In our study, we observed
a trend for an increased incidence of ischemic complication
and good outcome in patients in whom temporary vessel
occlusion was performed for more than 10 minutes. Other
authors have also noted a tendency for increased ischemia
rates with temporary occlusion lasting more than 10 minu-
tes. Furthermore, in our study, patients with repeated TAO,
which allowed reperfusion, showed a lower incidence of
stroke than those with long single TAO over 10 minutes.
There have been conflicting reports regarding the mode of
temporary occlusion17,20,23). Some authors have claimed that
there is a higher risk of ischemia with intermittent occlusion
based on the results of experimental studies, whereas others
have claimed that the risk is higher when continuous occlu-
sion is performed5,9,14,19). The temporary occlusion times
reported in the studies in which the rate of ischemia was
lower when continuous occlusion was performed and com-
pared with intermittent occlusion also involved substantially
longer occlusion times17,20). In our series, the time of tem-
porary occlusion before a period of reperfusion instituted
was less than 10 minutes in nearly all cases. These relatively
short occlusion times between periods of reperfusion might
be the reason for the significantly longer duration of stroke-
free intermittent occlusion when compared with the stroke-
free group undergoing continuous occlusion.

CONCLUSION

Duration of occlusion is the only variable that needs to be
considered when assessing the risk of postoperative stroke
in patients who undergo temporary vascular occlusion.
Attention must be paid to the patient’s age, grade of hemor-
rhage, and the timing of surgery. In addition, patients
undergoing dissection when brief periods of temporary
occlusion are performed may benefit more from intermit-
tent reperfusion than continuous clip application. With
careful planning, the use of TAO is a safe technique when
used for periods of less than 10 minutes.
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