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Effect of Pharmacological
Neuroprotection During Surgical
Clipping of Anterior Circulation
Intracranial Aneurysm on Neurological
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Ramesh J. Venkatapura, Malla B. Rao', Shweta S. Naik, Nishanth Sadashiva’,
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Abstract:

Objective: Patients with intracranial aneurysms while undergoing neurosurgical clipping frequently require
the use of temporary clip, and this involves the risk of cerebral ischemia. The usual approaches for prevention
of such an adverse event include use of pharmacological neuroprotection before temporary clipping of the
parent vessel to induce burst suppression of EEG, or detecting ischemia using somatosensory-evoked
potential (SSEP) of the relevant arterial territorial distribution and taking corrective measures. We studied
the effect of preemptive pharmacological neuroprotection on postoperative neurological deficit and outcome
in patients undergoing anterior circulation intracranial aneurysm surgery.

Methods: Prospective, randomized, comparative study included adult patients requiring temporary parent
vessel occlusion during surgical clipping of ruptured intracranial aneurysm of the anterior circulation.
Patients were randomized to Group N (pharmacological neuroprotection) or Group | (non-pharmacological
neuroprotection). Anesthesia induction, maintenance of anesthesia, and extubation were standardized in
both the groups. Cerebral ischemia monitoring was conducted in both groups using SSEP. Group N (n= 15):
received pharmacological neuroprotection using propofol bolus; Group | (n= 15): SSEP monitoring and alerting
the surgeon to ischemia, and taking appropriate corrective measures.

Results: The demographic data were comparable between the two groups. There was no statistically
significant difference in new onset neurological deficit within 24 hrs between the groups (P = 0.64). There was
no significant difference in neurological outcome measured by the extended Glasgow Outcome Scale (GOSE),
between the groups at three and six months.

Conclusion: This study shows no difference in short- or long-term neurological outcome with preemptive
anesthetic neuroprotection during temporary arterial occlusion in anterior circulation intracranial aneurysm
surgery. This pilot study was performed to estimate event rates and feasibility rather than to test efficacy.
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Key Message:

* Preemptive pharmacological neuroprotection using propofol for anterior circulation aneurysm surgery did
not significantly improve neurological outcomes.

* These findings suggest that routine use of pharmacological neuroprotection may not be essential and
highlight the need for larger multicenter trials.
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ntracranial aneurysms are treated via neurosurgical clipping

or endovascular approaches. Intraoperative rupture is a
major cause of morbidity and mortality in patients undergoing
clipping, occurring in 8% to 19% of cases.!? Surgical clipping
often requires temporary arterial occlusion (TAO) of the
parent vessel to aid visualization and dissection. While TAO
helps minimize rupture risk, prolonged occlusion may impair
distal cerebral perfusion, leading to ischemia and new-onset
strokes.’#l Symptomatic strokes are seen in 10-12% of clipping
procedures.?!

To mitigate TAO-related ischemic injury, anesthetic boluses
inducing EEG burst suppression are administered before
vessel occlusion. These agents reduce cerebral activity, offering
neuroprotection; however, they may also cause hypotension,
potentially exacerbating cerebral ischemia. This contradiction
raises questions about the actual benefit of pharmacological
neuroprotection during aneurysm surgery.

Other strategies for reducing focal ischemic injury during
TAO include intraoperative neurophysiological monitoring.
Somatosensory-evoked potential (SSEP) monitoring helps
detect cerebral ischemia in real time, allowing corrective actions
like increasing blood pressure or altering clip positioning. The
time from occlusion to recovery of baseline SSEP amplitude
correlates with new postoperative deficits.”? As SSEP reflects
perfusion in the middle and anterior cerebral artery territories,
it is particularly useful in anterior circulation aneurysm
surgeries.

Despite theoretical support, concrete evidence for or against
pharmacological neuroprotection remains lacking.®*! This
study was designed to assess its role during surgical clipping
of ruptured anterior circulation aneurysms in reducing new
neurological deficits.

We hypothesized that preemptive pharmacological
neuroprotection during surgical clipping of anterior circulation
intracranial aneurysms decreased the incidence of TAO-related
stroke in the early postoperative period.

Methods

Study design and patients

This prospective, single-center, randomized study was
undertaken after the institute ethics committee approval (No.
NIMHANS/IEC (BS and NS DIV.) /24" MEETING /2020) and
was registered under Clinical Trial Registry of India (CTRI No:
CTRI/2019/10/021496).

Primary objective: To evaluate the difference in new-onset
neurological deficit within 24 hours postoperatively with or
without pharmacological neuroprotection.

Secondary objective: To compare neurological outcomes
between the groups using GCS at discharge and the extended
Glasgow Outcome Scale (GOSE) at three and six months.['"!

This was an open-label randomized pilot study without
blinding. Consecutive adult patients (18 to 65 years)
undergoing surgical clipping of ruptured intracranial
aneurysm of the anterior circulation were enrolled in the
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study. The patients with the previous history suggestive of
stroke or coronary event, posterior circulation intracranial
aneurysm, multiple intracranial aneurysm, and refusal to
give consent were excluded. Based on computer-generated
random numbers, patients were randomly assigned to either
of two groups, Group N (pharmacological neuroprotection) or
Group I (non-pharmacological neuroprotection).

Anesthesia induction, maintenance of anesthesia, and
extubation were standardized in both the groups. Anesthesia
was induced with fentanyl 2 microgram/Kg, Propofol
2 mg/Kg, lidocaine 1.5 mg/Kg, and muscle relaxation with
vecuronium 0.1 mg/kg. After tracheal intubation, all patients
were mechanically ventilated to maintain an end-tidal CO, of
30 to 32 mmHg. Intra-arterial blood pressure monitoring was
used. Anesthesia maintenance with fentanyl and propofol
was used. Propofol was administered via a target-controlled
infusion system in the range from 3 to 5 microgram/ml (target
effect site concentration) and was titrated to Entropy™ (GE
Healthcare, Chicago, Illinois) value of 40 to 50. Temperature
was monitored by a nasopharyngeal probe, and normothermia
was maintained in both the groups. Mannitol 20% (0.5-1g/
kg) was infused before dural opening. Intravenous fluid was
titrated based on PPV (pulse pressure variation) to maintain
less than 13%. All patients were monitored with SSEP during
surgical clipping of the intracranial aneurysm. When the
surgeon decided to place a temporary clip to the parent vessel
of the aneurysm, separate interventions were conducted based
on the randomization of the patients in either group.

Group N: Propofol bolus (higher target effect site concentration)
used to achieve a burst suppression ratio (BSR) of more than
50% based on Entropy™ monitor before temporary clipping.
Blood pressure was maintained 10 to 20% above the baseline
with fluid and titrated doses of mephentermine injection (3
to 6 mg)/phenylephrine bolus (50 to 100 microgram) or
infusion. A baseline SSEP was recorded after achieving burst
suppression and immediately before temporary clipping.

Group I: Baseline SSEP recording was obtained before temporary
clipping. Any significant changes in SSEP occurring after clip
application suggesting cerebral ischemia, was informed to the
surgeon. Simultaneously appropriate non-pharmacological
measures, such as increasing the blood pressure or alerting
the surgeon for removal/manipulation of clip, were taken. If
SSEP decline persisted after 2 minutes of corrective measures,
pharmacological neuroprotection with propofol was initiated.

SSEP is monitored using NIM-ECLIPSE™ neuromonitoring
system (Medtronic Xomed, Inc, USA). Sterile subdermal
needle electrodes were used for stimulation of the median
and tibial nerves for the upper limb and lower limb SSEP,
respectively. The electrical stimulus for SSEP was accomplished
by a square-wave pulse with a duration of 0.1 to 0.3 ms,
stimulation intensity ranged from 15 mA to 30 mA, and
frequency of 3-5 Hz. The cork-screw electrodes were placed
on the patient’s scalp based on the international 1020 system
to record cortical-evoked potential and for EEG monitoring.
Cortical-evoked potential response was recorded from
C3’ (2 cms behind C3; stimulation of right median nerve), C4’
(2 cms behind C4; for stimulation of left median N), and Cz’
(2 cms behind Cz; for bilateral tibial nerve stimulation).
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Alarming criteria: Significant SSEP changes were defined
as either a 50% amplitude reduction or a 10% latency
prolongation of the upper extremity SSEP N20-P25 complex
or the lower extremity SSEP N37-P40 complex as compared
with baseline.""! The cerebral ischemic changes on SSEP,
onset of ischemia changes, duration of ischemic changes, and
time for improvement to baseline were noted. The decision to
remove the temporary clip, irrespective of alarms, was based
on operating neurosurgeon. As part of the institute policy, in
uneventful temporary clipping scenarios, reperfusion breaks
are provided after approximately 5 minutes. When multiple
temporary clippings were used, a minimum of 5 minutes of
perfusion period was maintained between the temporary
clippings. After the aneurysm was clipped, mean arterial
pressure was kept at 10 to 20% above the baseline. The SSEP
monitoring was continued till dural closure. Any intraoperative
or postoperative complications were noted. Based on the
preoperative clinical status and intraoperative events, patients
were planned for extubation or elective ventilation.

Outcomes

The primary outcome of this study was to find the difference
in incidence of new postoperative neurological deficits
within 24 hours with or without preemptive pharmacological
neuroprotection during temporary clipping of anterior
circulation intracranial aneurysm surgery. New deficits at 24
hours were determined by standardized clinical neurological
examination. Postoperative imaging (CT) was performed
when clinical deterioration occurred; routine imaging was
not performed for all patients. The secondary outcome was to
find a difference in neurological outcomes between the groups
as measured by GCS at discharge, extended GOSE at three
months and six months. Assessment of the primary outcome
was limited to 24 hours following aneurysm clipping to capture
immediate ischemic injury temporally related to intraoperative
events and SSEP changes

Data collection

Data collected included demographic variables (age,
sex, comorbidities, World federation of neurological
societies (WFNS) grade, Fisher grade), duration since
ictus, cerebral angiography for location of aneurysm and
angiographic cerebral vasospasm, incidence of intraoperative
hypotension, incidence of aneurysm rupture, temporary
clipping time duration, number of occlusive episodes, onset
and duration of SSEP-based cerebral ischemic changes,
duration of burst suppression, postoperative extubation
status, postoperative new neurological deficit within 24 hours,
incidence and duration of cerebral vasospasm, delayed cerebral
ischemia (DCI), duration of hospital stay, GCS at discharge,
and telephone-based structured interview for the extended
GOSE /mortality at three and six months.""! DCI was defined
as new clinical deterioration attributable to ischemia. Imaging
was obtained when clinically indicated.

Statistical analysis

Data were collated offline in a Microsoft Excel 2007 spreadsheet
and analyzed using R version 4.2.1.1 Interval and ordinal
scale variables are presented as median and interquartile
ranges, while nominal data are presented as frequencies and
percentages. Due to the small sample size, a nonparametric
test (Mann-Whitney U test) was used for analyzing group
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differences for interval and ordinal scale data. Nominal data
were analyzed using the Chi-square test or the Fisher’s exact
test as appropriate. P <0.05 was taken as the level for statistical
significance. Since this study is being presented on a pilot
basis, sample size calculation has been presented for important
outcome variables. Sample size was calculated for important
outcome variables modeled using the difference of proportions
for independent samples and was conducted using G-power
software version 3.1.9.4. Sample size estimates provided were
calculated aiming at 80% study power with an acceptable alpha
error rate at 5%.

Results

The study was conducted from November 2020 to October 2022
at a tertiary care Neuroscience hospital, in southern India. The
results represent analysis of the pilot study, conducted after
data of 30 patients (15 patients per group) had been collected.
Fifty-two patients were considered for eligibility. The flow of
patients into the study is shown in Figure 1. Data of 30 patients
were analyzed. Descriptive data and group comparison of
demographic and baseline variables are shown in Table 1.
There were no statistically significant differences between
groups for primary and secondary outcomes [see Tables 1-3]
Difference of intraoperative, postoperative, and follow-up
variables between groups is shown in Table 2. Intraoperative
aneurysm rupture occurred in four patients of Group N
and two patients of Group I (P = 0.64). Ischemic changes in
SSEP were seen in three patients in Group N and one patient
of Group I (P = 0.59), all four patients had intra-operative
rupture and longer temporary clipping duration (more than
12-15 minutes). Among the three patients in Group N who
exhibited ischemic changes on SSEP, two showed reversal
of these changes intraoperatively; however, one of them still
developed a postoperative neurological deficit despite the
reversal. One Group N patient had persistent intraoperative
SSEP changes and subsequently developed a postoperative
neurological deficit. One patient with ischemic changes on
SSEP in Group I had reversal of ischemic changes without
postoperative neurological deficit.

Incidence of delayed cerebral ischemia was lower in
Group N (P = 0.245), but was not statistically significant.

In Group I, two patients developed new neurological deficits
without significant intraoperative SSEP changes. In Group N,
four patients developed postoperative deficits; two of these
had intraoperative SSEP ischemic changes. In Group I,
one of the two patients who experienced intraoperative
aneurysm rupture developed a new neurological deficit.
In Group N, three of the four patients with intraoperative
rupture developed new deficits. Additionally, one patient in
each group developed a new neurological deficit despite the
absence of intraoperative rupture. Intraoperative ischemic
changes diagnosed via SSEP amplitude reductions predicted
postoperative neurological deficits with high specificity (91.7%)
but poor sensitivity (33.3%). Five patients remained intubated
postoperatively due to clinical instability/sedation; two
patients had new neurological deficits. Effect size estimates
for study outcome variables are shown in Table 3. Based on
this effect size of the outcome (new neurological deficits), a
new sample size of 302 for future studies could be calculated.
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Assessed for eligibility (n=52)

Excluded (n=22)

1 Underwent endovascular coiling
(n=12)

O Declined to participate (n=2)

v

[ Absence of baseline SSEP (n=2)

O No temporary clip used (n=3)

) Neck control used for ICA aneurysm
(n=3)

Randomized (n=30)

v v

Allocated to Group:N (n=15)
+ Received allocated intervention (n=15)
+ Did not receive allocated intervention (n=0 )

Allocated to Group:l (n=15)
+ Received allocated intervention (n=15 )
+ Did not receive allocated intervention (n=0)

v Analysis

Analysed (n=15)

Group N: Pharmacological neuroprotection.
Group |: Non-Pharmacological neuroprotection.

Analysed (n=15)

Figure 1: Flow diagram showing the flow of patients into the study

Table 1: Represents the distribution of baseline and
demographic variables between the two study groups

Variable Levels Group N Group | P
(n=15) (n=15)
Age (years) - 47 (40-55) 45 (41-58) 1
Sex Male 9 (60%) 3 (20%) 0.062
Comorbidities DM 2 (13.33%) 0 (0%) 0.192
HTN 5 (33.33%) 3 (20%)
None 8 (53.33%) 12 (80%)
Aneurysm location A-Com 10 (66.67%) 13 (86.67%) 0.131
DACA 0 (0%) 1 (6.67%)
MCA 5 (33.33%) 1 (6.67%)
WFNS grade - 1(1-1) 1(1-1.5) 0.574
Duration since ictus - 4 (3-12) 5 (3-8.5) 0.85
(days)
Miller Fisher scores - 3(3-3) 3 (1-3) 0.193
Baseline GCS - 15 (15-15) 15(15-15) 0.976

Baseline HR (/min) - 76 (66-88.5) 80 (77.5-84.5) 0.787
Baseline MAP (mm Hg) - 93 (90-97) 97 (86.5—-101.5) 0.533

Group N: Pharmacological neuroprotection. Group I: Non-pharmacological
neuroprotection

DM—Diabetes mellites; HTN—Hypertension; A-Com—Anterior
communicating; DACA—Distal anterior cerebral artery; MCA—Middle cerebral
artery; WFNS—World federation of neurological societies; GCS—Glasgow
coma scale

P<0.05 is the level for statistical significance

Discussion

This randomized controlled study evaluated the utility of
anesthetic neuroprotection during temporary clipping in
ruptured anterior circulation intracranial aneurysm surgery.
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Preemptive pharmacological neuroprotection did not result in
statistically significant differences in immediate postoperative
neurological deficits, delayed cerebral ischemia (DCI),
in-hospital mortality, GCS at discharge, or GOSE scores at
three and six months.

Postoperative neurological deficit with neuroprotection is
reported at 15-26%.14>°13 In our study, new neurological
deficits occurred in 26.6% with neuroprotection and 13.3%
without. These early deficits may reflect intraoperative
clipping-related variables. Given surgeries were performed
3-12 days post-ictus, some 24hour deficits could reflect
evolving DCI. We attributed deficits to intraoperative events
when temporally SSEP prolongation supported this, but
residual confounding cannot be excluded. Sparse literature
is available on clipping-related neurological deficits. One
prior study reported approximately 16% incidence of 24-hour
deficits with pharmacological neuroprotection.!™ Differences
across studies stem from varying definitions of postoperative
stroke—some include entire hospital stays, whether caused by
clipping or delayed ischemia. Theoretically, neuroprotection
improves ischemia tolerance by lowering neuronal oxygen
demand. Yet ischemic SSEP changes occurred in three
Group N patients (20%) and one in Group I (6.7%) (P = 0.591).
All had clipping durations exceeding 12-15 minutes due to
intraoperative rupture. Higher clip frequency and rupture
rate likely influenced outcomes. Wicks et al."! reported 10%
SSEP changes in ruptured aneurysms with neuroprotection.
The excess ruptures in Group N prevented meaningful
associations. While aneurysm rupture could be included in
regression analysis, our small sample size and low event rate
limited its utility. Hindman et al.’s!"®! IHAST data analysis
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Table 2: Displays distribution of intraoperative, postoperative, and follow-up variables between study groups

Variable Levels Group N (n=15) Group | (n=15) P
Intraoperative variables
Intraoperative hypotension Yes 5 (33.33%) 0.388
2 (13.33%)
Intraoperative vasopressor use Yes 3 (20%) 1
2 (13.33%)
Intraoperative aneurysm rupture Yes 4 (26.67%) 0.648
2 (13.33%)
Total temporary clip duration (minutes, 75 percentile - 3.17 (1.69-8.49) 3.67 (1.33-6.75) 0.854
interquartile range)
Number of temporary clipping episodes - 2(1.5-3) 1(1-2) 0.047*
Maximum duration of any single clip (minutes) - 4 (2-5.5) 2(1-4) 0.156
Propofol neuroprotection dose - 3(3-4) NA NA
TCI (microgram/ml))
Maximum burst suppression ratio - 50 (30-59.5) NA NA
Duration of burst suppression (minutes) - 20 (7.5-30) NA NA
Ischemia changes on SSEP Yes 3 (20%) 0.591
1(6.67%)
Onset of Ischemia after temporary clipping (minutes) # - 10 (9.5-12.5) 15 (15-15) 0.637
Duration of Ischemia Changes (minutes) ## - 7 (5.5-8.5) 5 (5-5) 1
Time for improvement to baseline (minutes) ### - 7.5 (6.25-8.75) 1(1-1) 0.667
Extubation Yes 12 (80%) 1
13 (86.67%)
Postoperative variables
GCS postoperative Day 1 - 15 (13-15) 15 (14-15) 0.323
New neurological deficits within 24 hours Yes 4 (26.67%) 0.648
2 (13.33%)
Cerebral vasospasm Yes 9 (60%) 0.714
7 (46.67%)
Delayed cerebral ischemia (DCI) Yes 3 (20%) 0.245
7 (46.67%)
Intra-arterial nimodipine therapy Yes 9 (60%) 0.714
(number of patients) 7 (46.67%)
Intra-arterial nimodipine therapy (number of therapies) - 2 (0-4) 0 (0-4.5) 0.774
Intravenous milrinone therapy Yes 2 (13.33%) 0.388
5 (83.33%)
Length of hospital stay (days) - 10 (6-11) 7 (5-11) 0.602
GCS at discharge - 15 (15-15) 15 (13-15) 0.228
In-hospital mortality Yes 1 (6.67%) 1 (6.67%) 1
Follow-up variables
GOSE at three months (ordinal) = 8 (6.5-8) 7 (4.25-7.75) 0.15
GOSE at six months (ordinal) - 8 (7.5-8) 8 (4.5-8) 0.395
GOSE at three months (dichotomized) Favorable 14 (93.33%) 10 (71.43%) 0.285
Unfavorable 1(6.67%) 4 (28.57%)
GOSE at six months (dichotomized) favorable 13 (86.67%) 10 (71.43%) 0.58
Unfavorable 2 (13.33%) 4 (28.57%)
All-cause mortality at three months Yes 1(6.67%) 1(7.14%) 0.96
All-cause mortality at six months Yes 2 (13.33%) 1(7.14%) 0.58

Group N: Pharmacological neuroprotection. Group I: Non-pharmacological neuroprotection.

TCl—Target controlled infusion; SSEP—somatosensory-evoked potential; GCS—Glasgow coma scale;

GOSE—Extended Glasgow Outcome Scale;

* P<0.05 is the level for statistical significance. One patient was lost to follow up in Group I.

# Onset of ischemia measured from application of the first temporary clip to the first significant SSEP change.

## Duration of ischemia=time from first significant SSEP decline to recovery of amplitude above alarm threshold or to intervention.
### Time to improvement to baseline=time from intervention to restoration of baseline SSEP amplitude

showed no effect of supplemental neuroprotective drugs on
24-hour outcomes while accounting for clip duration and
hypothermia.

DCI occurred in 46.6% of the non-neuroprotection group versus
20% with neuroprotection, though not statistically significant.
Lavine et al.””! reported infarction rates of 15.8% (intravenous
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Table 3: Effect size for study outcome variables
(Odds ratios were caalculated for Group N in
reference to Group |
Outcome variables

New neurological deficits with in
24 hours

In-hospital mortality 1(0.01-83.98) NA
GOSE at three months (dichotomized) 0.19 (0-2.29) 104
GOSE at six months (dichotomized) 0.4 (0.03-3.44) 242
All-cause mortality at three months 1(0.01-83.98) NA
All-cause mortality at six months 2.1 (0.1-135.87) 690

Group N: Pharmacological neuroprotection
Group I: Non-pharmacological neuroprotection
GOSE—Extended Glasgow Outcome Scale

OR (95% CL) Sample size
2.3 (0.27-30.02) 302

neuroprotection) and 45.5% (non-intravenous). Cerebral
vasospasm showed no group trend, consistent with blood
product-driven pathogenesis.®'”l Mahajan et al.”! found
no difference in DCI or vasospasm using propofol for
neuroprotection, though SSEP was not employed. Mishra
et al."® found no vasospasm/DCI difference between general
and local anesthesia during angiography. Neurological
deficits associated with DCI in this study are followed up
until discharge (7 to 10 days). However, other studies have
studied DCI from 7 to 30 days.’" Although not statistically
significant, the lower DCI incidence in Group N (20% vs 47%)
is a hypothesis-generating signal that warrants confirmation
in larger trials.

Although propofol-induced burst suppression can reduce
SSEP amplitudes, moderate burst suppression levels in our
protocol preserved recordable SSEP signals. SSEP changes
predicted neurological deficits with high specificity (91.7%)
and low sensitivity (33.3%). These results align with existing
data showing a sensitivity of 25-50% and a specificity of
84-95%.01419211 A stable cortical SSEP during clipping suggests
adequate cerebral perfusion.??? However, deep perforator
territory infarctions may occur without affecting cortical
signals. Thus, subcortical ischemia is a limitation in SSEP.
Still, SSEP offers real-time feedback on cortical perfusion, and
amplitude/latency changes can reflect inadequate collateral
flow—helping guide clip duration and technique.!

Hypotension is a common concern with neuroprotection.
In our study, hypotension occurred in 13% (Group I) and
33% (Group N), lower than the 78% incidence reported by
Hoff et al.,” where hypotension (AMAP = 30%) correlated
with poor outcomes. ASA guidelines recommend minimizing
hypotension during aneurysm procedures.! We used
target-controlled infusion (TCI) of propofol to reach a gradual
burst suppression ratio of 50%, resulting in slower blood
concentration rise and reduced hypotension risk compared
to manual bolus. Our protocol also emphasized timely
vasopressor use. This entropy-guided titration differs from
bolus thiopentone/propofol protocols used in older studies
and likely reduces abrupt hypotension; this methodological
difference should be considered when comparing results.

Postoperative outcomes, such as hospital stay and GCS at
discharge, were comparable between groups. Mahajan et al.l’!
reported no differences due to neuroprotection. Each group
had one in-hospital death. GOSE scores at three and six
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months were slightly higher in the neuroprotection group,
though not statistically significant. This parallels the IHAST
study that found no outcome benefit from supplemental
neuroprotective drugs, such as thiopentone or etomidate, when
dosing and timing were not standardized.!'™ Their large sample
allowed examination of interactions between clip duration,
neuroprotective drugs, and hypothermia, while our study
supports larger randomized trials for validation. At six months,
one Group N patient died from unrelated causes. Lavine et al.1%!
found no long-term outcome difference for MCA aneurysms
with or without intravenous neuroprotection.

Limitations of this study: This randomized controlled study
was conducted to fill the void in exploration of a crucial piece of
clinical intervention, which still remains shrouded in controversy.
Since the manuscript is presentation of a pilot data analysis of
a single center and due to small sample size, the results of the
study should be interpreted with caution. With that in mind,
allowance needs to be provided for interpreting the results which
trend toward statistical significance. The authors have noted
paucity of literature which provide appropriate data required
for calculation of sample size for future studies. Hence, the
sample size estimates of important outcome variables have also
been provided [Table 3]. Due to requirement of larger sample
sizes and constraints on availability of funding, present study
has been terminated at the pilot stage. Lack of blinding may
have introduced observer bias in outcome assessment. Other
limitations, are, only ruptured anterior circulation aneurysm cases
are included in the study. In this study, only SSEP was used to
monitor cerebral ischemia during temporary clipping. However,
motor-evoked potential (MEP) may improve the accuracy and
sensitivity of stroke prevention./***! The combined utility of SSEP
and MEP should minimize the risk of cerebral ischemia during
surgical clipping of complex anterior circulation intracranial
aneurysm. The direct cortical stimulation (DCS) MEP has
advantage of detecting only focal cortical and subcortical cerebral
ischemia,! but practical problem of placing strip electrodes for
cortical stimulation and there is risk of subdural bleeding and
brain injury.® Baseline imbalances (sex distribution, higher
number/duration of temporary clips, and more intraoperative
ruptures in Group N) may have influenced outcomes and limit
causal inference; these imbalances should be addressed in larger
randomized trials or adjusted analyses.

Conclusion

This study shows no difference in risk of focal ischemic brain
injury with or without pharmacological neuroprotection
during temporary arterial occlusion in patients undergoing
anterior circulation intracranial aneurysm surgery. The
pharmacological neuroprotection had no significant difference
in the neurological outcome at three and six months. The
results of the study are preliminary and hypothesis generating.
The authors believe that conduct of multicenter randomized
controlled trials with standardized neuroprotection protocols
might yield useful results at larger sample sizes.
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