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Objective: Indocyanine green video angiography (ICG-VA) is a routine while perform-
ing vascular surgery to assess patency of perforators, completeness of clipping and/
or to assess patency of anastomosis. Its usefulness in assessing cerebral blood flow
and perfusion is not well studied. This study is aimed to assess the cerebral blood
flow and perfusion after temporary clipping and to correlate with the risk of ischemia.

Methods: Prospective analysis of intra-operative ICG-VA performed during tempo-
rary arterial occlusion in 38 patients from January 2074 to December 2018 was
conducted. Co-relation with post-operative MR diffusion weighted imaging (MR DWI)
in terms of vascular territory of interest within 48 hours of surgery was performed.
Clinical outcome was assessed using modified Rankin Scale (mRS) score 1-month
post-surgery.

Results: 43 aneurysms in 38 patients clipped using ICG-VA were included in this
study. No side effect of ICG dye was seen in any patients. The number of times tem-
porary clips applied had a direct relationship to the delay in appearance of ICG in the
surgical field which became statistically significant after application of 3rd temporary
clip. Nine (23.7%) patients developed ischemia following the procedure confirmed by
post-operative MR DWI and all the ischemic cases had visible decrease in ICG fluo-
rescence post-temporary clipping.

Conclusions: No previous study had tried to assess the intraoperative cerebral blood
flow and perfusion during temporary clipping of parent vessels during aneurysm sur-
gery. The use of ICG-VA can be extended to assess perfusion in desired territory by
merely assessing the degree of opacification.

Keywords Indocyanine green, Temporary arterial occlusion, Aneurysm, Intracranial,
Cerebral blood flow
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INTRODUCTION

Temporary arterial occlusion (TAO) of vessels during
surgical clipping of intracranial aneurysm is an estab-
lished method that helps in dissection of aneurysms,
controlling intra-operative aneurysm rupture (IAR) and
helps the surgeon to place a permanent clip precisely
at the neck of an aneurysm. However, this may lead to
stroke due to impaired cerebral perfusion secondary to
20 Studies

suggest that temporary clipping of the major feeding

temporary occlusion of the feeding arteries.

vessels should be broken up by sufficient recirculation
time of at least 5 to 10 min when longer periods of ar-
terial occlusion are necessary because ischemic brain
damage depends mainly upon the duration of the vessel
occlusion."”™ On the other hand, experimental studies
have documented that repetitive episodes of brief global
ischemia may cause cumulative detrimental effects in
the form of ischemic neuronal damage, whereas these
problems are not seen with a single ischemic episode
of the same total duration.”” These observations are a
call to assess cerebral blood flow and perfusion while
applying temporary clips to the feeding arteries. There
are many direct or indirect ways of assessing cerebral
blood flow and perfusion such as intra-operative dig-
ital subtraction angiography (DSA), doppler, positron
emission tomography (PET), magnetic resonance (MR)
perfusion studies, intra-operative and postoperative MR
imaging (MRI) with diffusion weighted imaging and
somatosensory evoked potential (SSEP). Most of these
imaging procedures are technically demanding, expen-
sive and requires additional time and human resources.
Intra-operative Doppler, though frequently used, may
not provide information regarding flow in the very small
vessels as their ability to assess small perforating arteries
is poor.‘”

Intra-operative Indocyanine green video-angiography
(ICG-VA) is a real-time evaluation of intra-operative vi-
sualization of parent vessels, perforators and aneurysms,
and has an established role to assess the adequacy of
clipping of cerebral aneurysms.” This study was con-

ducted to study the cerebral blood flow during tempo-

rary clipping of aneurysm using ICG-VA and to assess

its efficacy.

MATERIALS AND METHODS

This study consisted of 122 prospectively enrolled rup-
tured aneurysm patients who underwent clip ligation
during January 2014 to December 2018 using ICG-VA at
our institute. Of them, temporary arterial occlusion was
utilized in 38 patients with 43 aneurysms. Adult patients
of either sex with intracranial aneurysms considered for
surgery were included in the study and patients having
history of iodine allergy, pregnancy or previous anaphy-
lactic reactions to contrast media or dye injections were
excluded. Elective temporary clips were utilized in all
cases where neck was found to be calcified or dome con-
tained thrombus to prevent embolic infarct and avoided
in cases with atheromatous parent artery. All patients
underwent standard microsurgical procedures for clip
ligation of their aneurysms assisted by ICG-VA. The
Institutional Ethics Committee reviewed and approved
this study, and all patients provided consent before par-
ticipation.

We used the NIR fluorescence module that was in-
tegrated into the surgical microscope (Moller Wedel,
Germany) to assess the fluorescent areas in the operat-
ing field and generate a video of the emitted fluorescent
light. Technical principles of ICG as described by Raabe
et al.'” was followed in every patient. The patients re-
ceived 25 mg intravenous dose of ICG dissolved in 5 mL
of 0.9% saline and given as a bolus of 1.5 mL per injec-
tion via cephalic vein after doing sensitivity test. Tem-
porary clips were applied to assist dissection and ICG
shoots were taken both before and after the temporary
clip application to assess the status of branching and
perforator arteries. In cases where parent or branching
vessel stenosis or residual aneurysm necks were iden-
tified with ICG, the clip position was changed or addi-
tional clips were applied and another ICG-VA study was
performed. Visual assessment of a real time play back of

the procedure was performed in every case to note the
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appearance time of ICG in surgical field. Intra-operative
monitoring of systolic blood pressure (SBP), heart rate
(HR), pH, hematocrit (Hct), paCO, and paO, was done
throughout the procedure.

MRI brain was performed within 48 hrs in 29 patients
before and after the procedure to assess the development
of ischemic areas. In poor grade patients, MRI was ex-
cluded. Ischemic change from inadvertent vessel occlu-
sion during aneurysm clipping was avoided by assessing
ICG-VA post placement of permanent clip and clip was
re-adjusted whenever required. Patients were assessed in
the postoperative period on the basis of radiological and
clinical findings. Radiologic ischemia was defined as
having ischemic changes on imaging but no neurologic
deficit clinically and symptomatic ischemia was defined
as having neurologic deficit as well as ischemic changes
on radiologic imaging. Clinical outcome was assessed
using modified Rankin Scale (mRS) score 1-month
post-surgery. A good outcome was defined as mRS score
of 0-2 while poor outcome was defined as mRS score of
3-6. The end points included the occurrence of radio-
logically documented ischemia on postoperative MRI
scans, the development of symptomatic or asymptomatic
stroke, and the clinical outcome.

Statistical analyses were done using SPSS 17.0 for
windows (SPSS Inc., Chicago, IL, USA) and a p value
of less than 0.05 was considered significant. Categori-
cal and continuous variables were compared using the
chi-square or Fisher tests and t-test when appropriate.
Multivariate logistic regression models were used to
analyze factors responsible for ischemic complications
and outcome. Relative risk of the variables was obtained
by calculating adjusted odds ratios and 95% confidence

intervals.

RESULTS

Demographic variables
Of the 38 patients who underwent temporary clipping,
25 were female and 13 were male ranging in age from 21 to

72 years (mean 46 years). Of them, 8 had serious systemic

disease (hypertension, diabetes, or chronic lung disease).
29 patients presented in good clinical grade (World
Federation of Neurosurgical Societies [WFNS] I-III),
while 9 in poor grade (WENS IV-V). The num-
bers of patients in admission CT Fisher grade 1,
2, 3 and 4 were 2, 28, 4 and 4 respectively. Of the
43 aneurysms, 20 (46.5%) were in anterior communicating
artery (Acom); 10 (23.3%) in middle cerebral artery (MCA); 9
(20.9%) in anterior cerebral artery (including 8 distal anterior
cerebral artery aneurysms), 3 (7%) in internal carotid artery-
posterior communicating artery (ICA-Pcom) junction and 1
(2.3%) were in vertebrobasilar system. Of the 38 patients, 5 had
coexistent unruptured aneurysms. All patients were operated
within 48-hrs of admission and the mean surgical timing was 4
days from ictus.

Temporary clipping utilized and ICG analysis

During surgery, temporary clipping was utilized in
38 patients. Of the 43 aneurysms, 12 had temporary
clipping once while 31 had repeated temporary clipping;
14 aneurysms had 2 times, 8 aneurysms had 3 times,
6 aneurysms had 4 times while 3 aneurysms had 5 times
of repeated temporary clipping. Table 1 depicts the dura-
tion of application of temporary clips and Table 2 depicts
the time interval between the application of temporary
clips in seconds.

No side effects of ICG dye in any patient was observed
in this study. Average time of appearance of ICG in sur-
gical field (1" arterial phase) after administration of ICG
via the cephalic vein was 22 secs (range 16-42 sec). ICG-
VA revealed either decreased number of visible perfo-
rators or diminished fluorescence post-removal of the
clips in 9 patients (Fig. 1, 2 and 3).

Average delay time was calculated as the mean of de-
lay time after each clip placement in all patients. The
number of times temporary clips applied had a direct
relationship to the time of appearance of ICG in the sur-
gical field. The average delay was 0.56 secs after the ap-
plication of 1* clip which increased to 2.16 secs after the
5" clip application (Table 3). The delay in appearance of
ICG was statistically significant (p=<0.05) after applica-
tion of 3" clip.
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Table 1. Baseline characteristics of the patients and duration of temporary clips applied

S. No. Parameters Value
1 No. of patients 38
2 Male: Female ratio 13:25
3. Mean age 46 years (range 21-72 years)
4 WFNS grade
=111 29
V-V 9
5. Fisher grade
1 2
2 28
3 4
4 4
6. Aneurysm distribution
Acomm artery 20
MCA 10
ACA 9
ICA-PComm 3
VB system 1
7. Duration of application of temporary clips
Minimum duration Maximum duration Mean duration
Single time Mean total Single time Mean total Single time Mean total
1 min 10 secs 2 min 20 secs 4 min 10 secs 7 min 2 secs 2 min 25 secs 6 min 5 secs
8. Outcome (MRS)
0-2 32
36 6

WENS, World Federation of Neurosurgical Societies; Acomm, anterior communicating; MCA, middle cerebral artery; ACA, anterior cerebral artery; ICA-

PComm, internal carotid artery-posterior communicating; VB, vertebrobasilar

Table 2. Time interval between application of temporary clips (in seconds)

1 and 2" clip 2" and 3" clip

3“and 4" clip 4™ and 5™ clip

Minimum Maximum Median  Minimum Maximum Median

Minimum Maximum Median  Minimum Maximum Median

2 min
20 sec

2 min
25 sec

5min
40 sec

1 min
2 sec

4 min
15sec

8 min
14 sec

6 min
30 sec

5min
30 sec

6 min
10 sec

9 min
2 sec

4 min

2 sec 10 min

Physiological variation during temporary clipping

The blood gases, pH and hematocrit remained stable
without any significant variation after application of
temporary clips. Temporary clipping was associated with
an immediate rise of SBP and this elevation lasted till the
time temporary clip is in place and then gradually fell
to baseline after the removal of clips. The elevation in
SBP was more prominent as the number of times of clip
applications increased (resting 115+18 mm Hg; after 5"
clip 12644 mm Hg) (Table 4).

Development of symptomatic and asymptomatic
ischemia and its correlation

Nine (23.7%) patients developed ischemia following the

Table 3. Average delay in appearance of ICG after application
of temporary clip (in seconds) Bold type represents

significant values (p <0.05)
;:;(iﬁpbefore applying 0.00 sec 95%iﬁ$:£glence
Post 1% clip (N=43) 0.56 sec p=0.3211 0.568-2.146
Post 2" clip (N=31) 1.07 secp=0.1412 0.869-3.368
Post 3“ clip (N=17) 14secp=0.015 1.067-2.134
Post 4" clip (N=9) 1.85sec p=0.039 0.960-7.549
Post 5" clip (N=3) 216 secp=0.034 1.110-1.237

ICG, indocyanine green

procedure evident on postoperative MRI scans as ischemic
infarct related to the areas supplied by the perforating
arteries. Of them, 6 (15.8%) patients (S. No.1-6; Table 5)
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Opacification of all
perfo. In 1s

Opacification of
allvsin3s

Clip remgved

43 - 36 20 43 - 30
Fig. 1. The time gap of 1 second between appearance of ICG and complete opacification of vessels when no clip was

applied was increased to 3 seconds after application of 1% temporary clip that was in place for 3 min 23 seconds. ICG,
indocyanine green.

Permanent clip in situ

Fig. 2. Acom artery aneurysm. (A) shows one perforator arising in the vicinity of the aneurysm visible on
ICG-VA image before applying any temporary clip. (B) shows the ICG-VA image taken after removal of
the 4™ temporary clip that was applied for 5 min 30 sec. The perforator is not opacified anymore. ICG-
VA, indocyanine green video angiography.

@ Permanent clip in situ

Before applying temp. clip

After removal of 3™ temp. clip

Fig. 3. Right A1-A2 junction aneurysm. (A) shows the ICG-VA image before applying any temporary clip
where 3 perforators arising in the vicinity of Rt ACA can be seen. (B) shows the ICG-VA image taken after
removal of 3" temporary clip that was applied for 7 min 2 second revealing only one remaining perfora-
tor. ICG-VA, indocyanine green video angiography; ACA, anterior cerebral artery.
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Table 4. Physiological variations during temporary clipping

Parameters Resting After 1% clip p-value After 3“ clip p value After 5" clip p value
Pa0, (mmHgq) 116+/-8 110+/-11 0.34 108+/-10 0.55 113+/-7 0.44
PaCO, (mmHg) 30.2+/-2.2 32.9+/-3.2 0.32 33.3+/-2.8 0.45 34.8+/-3 0.24
pH 7.41+/-0.02 7.42+/-0.03 043 7.44+/-0.02 0.48 7.44+/-0.02 0.32
SBP (mmHg) 115+/-18 122+/-19 0.018 125+/-9 0.035 126+/-4 0.032
Hematocrit (%) 35.6+/-2.8 35.8+/-2.2 0.56 34.2+/-1.8 0.25 33.8+/-1.2 0.50

Pa0,, Partial pressure of O,; PaCO,, Partial pressure of CO,; SBP, systolic blood pressure

Table 5. Characteristics of 9 patients showing symptomatic (S. No. 1-6) and asymptomatic (S. No. 7-9) ischemic changes

No.of  Maximum Mean time Modified
S.  Patient& WFNS times dura?lon To_tal interval Delay of Post_— Post-operative Rankin
temporary of asingle durationof between Perforators appearance operative Scale
No. aneurysm grade . s gy DW-MRI
clips temporary application temporary of ICG deficits at one
applied clip clips month
1 40y/F, 1 3 2min 6min 2min Number Appearance Right Left anterior 1
Rt AT-A2 10 secs 50 secs 20 secs decreased  delayed after hemiparesis frontal lobe
junction after 3 clip 2" clip infarct
aneurysm
2 44y/M, I 4 2min 6 min 3min Remained  Appearance Left Right 2
Rt MCA 20 secs 10 secs same delayed after hemiplegia thalamic
aneurysm 4" clip infarct
3 62y/M, I 4 2min 7 min 2min Number Appearance  Minimal Left frontal 1
Acomm 30 secs 10 secs decreased  delayed after right parasagittal
aneurysm after 4" clip 2"clip  hemiparesis area infarct
4 45y/M, I 4 2min 6 min 3min Number Appearance  Minimal Right 1
Rt DACA 40 secs 50 secs 2 secs decreased  delayed after left frontal
aneurysm after 3 clip 2"clip  hemiparesis infarct
5 38y/F I 2 2 min 4min 2min Number Appearance Right Left 6
DACA 20 secs 10 secs 20 secs decreased  delayed after hemiplegia frontal
aneurysm after 3° clip 1clip  withre-bleed infarct
6 38y/F I 5 2min 8min 3min Number Appearance Right Left thalamic 1
LtICA 20 secs 34 secs decreased  delayed after hemiplegia and adjoining
PComm after 4" clip 3“clip internal
capsule infarct
7 32y/M I 2 1 min 2min 3min Remained  Appearance Nil Small 0
Acomm 10 secs 10 secs 30 secs same delayed after parasagittal
artery 2" clip area infarct
aneurysm
8 56y/M I 3 2min 4 min 3min Remained  Appearance Nil Small 1
Rt MCA 10 secs 30 secs 20 secs same delayed after nfarct at
aneurysm 2" clip frontal
operculum
9 43y/F I 3 1 min 3min 2min Remained  Appearance Nil Small 1
Acomm 40 secs 50 secs 10 secs same delayed after caudate
artery 3“clip nucleus
aneurysm infarct

WFENS, World Federation of Neurosurgical Societies; ICG, indocyanine green; DW-MRI, diffusion weighted magnetic resonance image; Acomm, anterior
communicating; MCA, middle cerebral artery; ACA, anterior cerebral artery; DACA, distal anterior cerebral artery; ICA-PComm. internal carotid artery-poste-
rior communicating

developed symptomatic while 3 (7.9%) patients (S. No. delay in appearance of ICG post temporary clipping.

7-9; Table 5) developed asymptomatic ischemia. All The number of perforators were decreased in 5 patients

the 9 patients had visible decrease in fluorescence and which could be assessed by ICG-VA.
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There was no significant increase in the risk of isch-
emic complication in the patients 50 years of age or
older in this study. Age younger than 50 years was asso-
ciated with a 14% risk of symptomatic ischemia, while
age 50 years or older was associated with a 15.6% risk of
ischemia (univariate analysis, p=0.821).

The Hunt and Hess and Fisher grade of hemorrhage
were related to the overall patient outcome but not to
the risk of ischemic complication. A favorable outcome
was achieved in 66.3% of the patients with poor grade
hemorrhages (Hunt and Hess grade 4-5 and Fisher
grade 3-4). Univariate analysis revealed that grade of
hemorrhage was significantly associated with outcome
as well as asymptomatic ischemia (p=<0.001), but not
with symptomatic ischemia.

Aneurysm characteristics like location and size larger
than 10 mm were not significantly associated with a poor

outcome except in cases of distal anterior cerebral artery

Single maximum mean time (in sec) of application v/s
post-operative ischemia

140 140
80
0

Symptomatic ischemia

EEEE

Time (in seconds)
3 B

8

Asymptomatic ischemia Non-ischemic cases

B Single maximum mean time of application

Fig. 4. Single maximum mean time of temporary clip application
Vs post-operative ischemia.

Total (mean) time (in sec) of application

350
230
I 150

Symptomatic ischemic cases  Asymptomatic ischemic cases

8

Time (in seconds)
R ON oW
8 8 &8 8 &

o

Non-ischemic cases

W Total (mean) time of temporary dip application

Fig. 5. Total (mean) time of temporary clip application vs post-op-
erative ischemia.

(DACA) aneurysms. It was found that the incidence of
symptomatic and asymptomatic ischemia was relatively
high in patients with DACA which was statistically sig-
nificant (p=0.003), however the outcome was not (p=0.24
and 0.526 respectively). The size of the aneurysm was not
significantly associated with outcome (p=0.54), symptom-
atic (p=0.529) or asymptomatic ischemia (p=0.362).

One important factor that was associated with out-
come was timing of surgery following subarachnoid
hemorrhage (SAH); with patients undergoing surgery
96 hours after SAH were doing better than patients un-
dergoing early surgery (p=0.020). Likewise, the rate of
symptomatic ischemia was also higher in patients un-
dergoing early surgery (p=0.001). Besides that, presence
of cerebral edema (p <0.001) intraoperatively and need
for ventricular drainage (p=0.002) were two factors that
was significantly associated with symptomatic ischemia.

Post-temporary clip ICG-VA study revealed that at
about 2 min 10 sec duration of temporary clip applica-
tion, flow starts decreasing in the vessel and perforators
distal to occlusion. Multiple application of temporary
clip further hampers the flow distal to it. Univariate
analysis found it to be statistically significant (p=0.005).

Single maximum mean time of the temporary clip used
analysis revealed a mean time of 2 min 20 seconds in
both symptomatic and asymptomatic ischemia (Fig. 4)
while total (mean) time of application in symptomatic
cases was 6 min 30 secs and 3 min 50 secs in asymptom-
atic cases (Fig. 5). The average number of temporary
clips utilized was 3.6 in symptomatic and 2.4 in asymp-

tomatic ischemia cases (Fig. 6).

Mean total clips used

24

Symptomatic ischemia cases  Asymptomatic ischemia cases Non-ischemic cases

W Mean total dlips used

Fig. 6. Mean total temporary clips used vs. post-operative ischemia.

216 www.the-jcen.org



Journal of Cerebrovascular and
Endovascular Neurosurgery

Gautam Dutta et al.

The incidence of symptomatic ischemia was 16%
(1 case) in patients undergoing temporary occlusion
for periods of less than 5 minutes and 84% (5 cases) in
patients undergoing temporary occlusion for more than
5 minutes although no association was seen between
duration of occlusion and outcome (p=0.531). Howev-
er, incidence of symptomatic ischemia was found to be
directly related to duration of occlusion on univariate
analysis (p=0.005).

On multivariate logistic regression analysis, indepen-
dent factors predictive for ischemic complications and
neurological outcome included preoperative vasospasm
(odds ratio [OR] 1.2; confidence interval [CI] 1.02-3.02;
p=0.002), mean number of temporary clips applied (OR
2.3; CI 1.36-3.4; p=0.05), mean total time of TAO (OR
2.86; CI 1.26-5.36; p=0.003) and WENS grade <4 (OR
1.01; CI 0.98-1.06; p=0.035).

Follow up and mRS score analysis

The mean follow-up time was 8 months (range,
3 months-16 months). A good outcome (mRS 0-2) was
achieved in 32 (84.2%) patients, and 6 (15.8%) patients
had poor outcomes (mRS 3-6). Analysis of mRS at
1-month post-surgery suggested average score of 2 in
post clipping symptomatic infarct cases. It was 1 in as-

ymptomatic infarct cases and 0 in non-ischemic cases.

DISCUSSION

The role of temporary occlusion to control IAR and
to facilitate dissection has been well accepted and is
used with increasing frequency in the management of
intracranial aneurysms. Jefferson was the first to use
elective temporary occlusion in 1928 for the treatment
of intracranial aneurysms.'” As the use of TAO during
aneurysm surgery is gaining wider acceptance in the
neurosurgical practice,”” it is prudent to define the
risks of this procedure as well as to study the hemody-
namic changes during its application and to identify a
reasonably safe period of occlusion. Ischemia during
TAO is difficult to predict and this is where the ICG-VA

may play a vital role that may warn the surgeon in the
form of diminished fluorescence, delay in appearance or
decreased visibility of perforators intraoperatively.

We followed uniform anesthesia regimen in this study
with of induction of normothermia and normotension
in all cases with initiation of barbiturate infusion before
aneurysm clipping in majority of cases. Some studies
suggest hypertension or hypothermia during tempo-
rary occlusion, while others suggested use of different
monitoring techniques to warn the surgeon of impend-

*”” However, these monitoring techniques

ing stroke.
remain technically challenging, imperfect and can be
misleading™ and the current study shows that simple
assessment of vessel status before and after application of
temporary clips is highly useful in predicting impending
ischemia.

In our study, the SBP was found to be increased during
TAO that remained throughout the application and re-
turned to baseline slowly after its removal. This perhaps
may be due to activation of cerebral autoregulation mech-
anism to maintain flow in vessels distal to occlusion.

Previous studies suggested association of older age
with higher risk of stroke and poor outcomes which
could probably be afflicted to associated medical con-
ditions like hypertension and vascular diseases seen
in elderly leading to greater risk of borderline cerebral
perfusion.”’” However, current study could not detect
any such association. We believe that shorter duration of
temporary clips as well as keeping the number of TAO
to a minimum possible number has resulted in better
outcome in our series. However, more studies and great-
er number of patients are required to conclusively draw
this finding.

Location was not a significant factor for ischemia, but
the incidence of symptomatic ischemia was relatively
high in patients with DACA aneurysms. We assume it to
be due to its technically challenging location and longer
duration of dissection requiring more numbers of TAO
coupled with minimal cisternal CSF drainage and longer
periods of brain retraction.

Timing of surgery is also an important variable for

the development of ischemia and thus the outcome. In

Volume 23 - Number 3 | September 2021 217



Intra-operative cerebral blood flow assessment

JCEN

the acute stages, retraction of the brain parenchyma
may lead to reduced perfusion pressure at the local site
due to less tolerance which may lead to vasospasm and
cerebral dysfunction of immediate or delayed onset.”"
Moreover, immediately following SAH, diminished ce-
rebral perfusion develops independent of vasospasm,
which also predisposes the patients to stroke. However,
the benefits of delayed over early surgical intervention
in regard to resistance to ischemia is counteracted by
the risks of a wait and watch approach, especially when
the overall management of patients with SAH ruptured
aneurysms is considered which has also been confirmed
by another study.”

The duration of temporary occlusion remains the most
investigated factor in clinical series of patients who un-
dergo TAO.™" In our study, we observed a trend for a
decreased incidence of ischemic complication and good
outcome in patients in whom temporary vessel occlu-
sion was performed for less than 5 minutes. Further-
more, in our study, patients with repeated TAO, showed
a higher incidence of stroke than those with single
TAO. There are discordant reports regarding the mode
of temporary occlusion.”” 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 occlusion is performed."” The temporary oc-
clusion times reported in the studies in which the rate of
ischemia was lower when continuous occlusion was per-
formed and compared with intermittent occlusion also
involved substantially longer occlusion times."” Previous
studies”" have suggested a wide range of safe occlusion
time with one recent study'” suggesting that duration of
occlusion of 5 to 7 minutes can be safely tolerated. The
current study indicates that even at much lesser duration
(~2 min 10 sec), flow starts decreasing in the vessel and
perforators distal to occlusion. Multiple application of
temporary clip further hampers the flow distal to it. The
current study suggests applying shorter duration clips
with longer intervals between two clip applications. The
number of temporary clips applied should also be cut

short to as minimum as possible.

There are certain limitations of the current study. ICG-
VA is restricted only to vessels visible in the microscope,
but not all perforating arteries may be visible during
the moment of ICG-VA. There were cases in which the
clip(s) hampered the view and cases with perforating ar-
teries originating from the contralateral wall of the vessel
that might have been missed. The manipulation of the
vessels during the microdissection procedure and the
use of retractors in some cases with subarachnoid hem-
orrhage, swelling, and intraoperative aneurysm rupture
may have led to a temporary compression and occlusion
of a perforating artery beyond the ischemic tolerance
time. When the retractor is removed or repositioned
before ICG-VA, the occluded perforating artery reopens
and may thus appear patent during ICG-VA. Another
limitation, although unlikely, severe stenosis leading to
insufficient flow for the brain perfusion cannot be total-
ly excluded out.

In this study, although Hunt and Hess grade was relat-
ed to clinical outcome, no significant association could
be established between ischemia and Hunt and Hess
grade. A previous study, however found significant asso-
ciation of higher Hunt and Hess grade with ischemia.'”
This discrepancy may have resulted from smaller num-
ber of cases in our study design.

Patients undergoing clipping for large aneurysms are
generally considered to have a poor outcome than pa-
tients with small aneurysms as patients with ruptured
large aneurysms tend to have a poor clinical condition
on admission. However, the current study could not es-
tablish any such association. This could again be due to
lesser number of patients recruited.

In aneurysm surgery, we often need a combination of
different tools and methods to ensure that the aneurysm
is occluded and that no vessel is compromised. There-
fore, ICG-VA should be considered as one tool among
others, such as visual inspection, intraoperative digital
subtraction angiography, microvascular doppler and
electrophysiological monitoring.
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CONCLUSIONS

The current study assessed the effect of TAO during
aneurysm surgery on hemodynamic parameters and ce-
rebral flow as no previous studies recorded these param-
eters although use of ICG-VA has now become a norm.
The only hemodynamic parameter which showed signif-
icant change during TAO is increasing blood pressure,
which actually may be protecting the brain from isch-
emic effects of TAO. The significant variables associated
with postoperative ischemic changes are duration and
number of times temporary clips used. ICG-VA during
aneurysm surgery is a simple yet highly powerful instru-
ment that can warn the surgeon of impending ischemia
during TAO. Many a times the importance of assessing
the vascular flow after removal of the temporary clips is
overlooked and this study urges the neurosurgeons to
assess the vascular territory of interest both before and
after the application of temporary clips so that chances

of ischemia can be minimized.
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