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Methods and Materials/Patients: This clinical trial study was conducted on the patients who were
candidate for anterior cerebral circulation aneurysm surgery during 2017-2018 in Rasul Akram
Hospital. SSEP monitoring was performed related to the median nerve in the contralateral wrist to
examine the Middle Cerebral Artery (MCA) and posterior tibialis nerve in the contralateral ankle to
examine Anterior Cerebral Artery (ACA) during the surgery procedure. Incentive parameters with
a power of 5 to 25 milliampere and corresponding duration of 0.2 milliseconds and waves with a
frequency of 3.3 Hertz were registered. Before locating temporary clips, SSEP was extracted as a
baseline from every patient and then recorded.

Results: Totally 9 patients (9 aneurysms) were studied. Three of them were men and 6 patients

women. The age of patients ranged 39-78 years. The clinical status of patients was assessed using

the Hunt-Hess scale. Five cases were classified as grade 1, 2 cases as grade 2, and 2 cases as grade

3. Among 9 aneurysms, 7 cases were about A.com artery and 2 cases were in connection with

MCA artery, having the size of 5 to 11 millimeters. Friedman test was applied to explore average
Keywords: latency change percentage and amplitude change percentage in 1%, 2", and 3™ minutes for the 1%,
2", and 3" clips where the results were significantly different (P=0.050).
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potentials, Somatosensory, Conclusion: Neuromonitoring can be used as an index for examining tissue perfusion level of the
Brain aneurysm : brain and help to prevent accidental ischemic injuries of the brain followed by temporary clipping.
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e This clinical trial was conducted on patients candidate for anterior cerebral circulation aneurysm surgery during

2017-2018 in Rasul Akram Hospital, Tehran, Iran.

* Somatosensory Evoked Potential (SSEP) monitoring was performed during the surgery procedure.

* Totally 9 patients (9 aneurysms) were studied in this research.

¢ According to the results of this study and comparing them with similar researches in literature, neuromonitoring
can be used as an index for examining tissue perfusion level of the brain and help to prevent accidental ischemic inju-

ries of the brain followed by temporary clipping.

Plain Language Summary

This study is about using a neuromonitoring device to improve the accuracy of surgical techniques and decrease
the side effects of brain injury during brain vascular surgeries like aneurysms. At the end of the study, we found that
neuromonitoring can be used to alarm during surgery and prevent damage to brain tissue and function.

1. Introduction

ifferent strategies can be applied to pro-

vide cytoprotection during cerebrovascu-

lar surgery. The most rational and direct

approach to reduce ischemia is probably

limiting the ischemic length. Temporary ar-
terial obstruction for CEA (Carotid Endarterectomy) and
aneurysm dissection, as well as permanent clipping, are
now known as common and standard methods in sur-
geries. However, maintaining optimal obstruction time
by emphasizing on anatomic level of obstruction and ar-
tery blockage area, plays an important role. Duration of
focal brain ischemia which can safely be tracked (with-
out any clinical consequence), varies for different situ-
ations and mainly depends on the vascular area [1-5].
Cerebrovascular brain incidents especially brain aneu-
rysm rupture are known as a major cause of death and
disability [6]. Despite all progressions, in emergency di-
visions, brain aneurysm is an important cause of demise
and disability in Iran as well as other countries, which
mostly leads to severe effects [7].

Treatment of intracranial aneurysms is progressing
and several technical innovations have taken place es-
pecially in the recent 2 decades. Improvements in mor-
bidity and mortality rate have apparently been achieved
through better diagnosis, rapid recovery of ruptured an-
eurysm, and developments in managing clinical meth-
ods [8-10]. Using temporary clips is a standard method
for brain aneurysm surgery and corresponding rupture
or preventing aneurysm rupture during dissection [11].

However, employing temporary clips elevates the risk of
hypoperfusion in the territory of arteries, and the result-
ing additional post-op deficit is still considered a ter-
rible complication.

Neuromonitoring technique can theoretically be uti-
lized during surgery to alarm for brain hypoperfusion
and reduce these kinds of complications. Monitoring
Somatosensory Evoked Potential (SSEP) and corre-
sponding changes are used to identify cerebral ischemia
and help to predict neuronal injuries during using tem-
porary clips in brain aneurysm surgeries [12]. This ap-
proach is limited to integrated performance evaluation
for somatosensory and cortex paths [13]. Motor Evoked
Potential (MEP) monitoring provides more information
about subcortical structures, motor cortex, and related
paths and shows more sensitivity for recognizing insuf-
ficient bloodstream in MCA (Middle Cerebral Artery)
and anterior choroidal artery, compared with SSEP
monitoring. MEP monitoring may be restricted because
of any interruption caused by patients’ head moving
during surgery. There is a strong correlation between
the decrease of brain bloodstream with the decrease
of amplitude and increase of latency in SSEP. In spite
of the many existing reports on SSEP conducted during
brain aneurysm surgery, the proper time of locating a
temporary clip is still a matter of question. The time of
releasing vascular occlusions for restarting brain blood
circulation varies from person to person and depends
on arterial collateral arteries.
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There is a common agreement on temporary vascular
obstruction in aneurysm surgery for short and repeated
clipping periods that leads to a higher level of safety and
lower degrees of risks for a neurological defect after sur-
gery, compared to long periods of blockage, but no de-
terministic data can verify this common agreement e.g.,
Christopher Wallace, the author of Youmans’ book, uses
a technique routinely in microsurgical aneurysm surgery
in which each temporary clipping lasts less than 3 min-
utes and there are at least 5 minutes as interval period
between every 2 clippings.

2. Methods and Materials/Patients

This study was conducted as a clinical trial for candi-
date patients of anterior cerebral circulation aneurysm
surgery during 2017-2018 in Rasul Akram Hospital, Teh-
ran, Iran. In order to investigate the anatomical status
of aneurysm and collateral arteries, medical imaging in-
cluding brain angiography or CT scan angiography, and
MR angiography was performed for all patients. SSEP
monitoring was performed related to the median nerve
in the contralateral wrist to examine the Middle Cerebral
Artery (MCA) and posterior tibialis nerve in the contralat-
eral ankle to examine the Anterior Cerebral Artery (ACA)
during the surgery procedure. Incentive parameters with
a power of 5 to 25 milliampere, corresponding duration
of 0.2 milliseconds, and waves with a frequency of 3.3 Hz
were registered. Before locating temporary clips, SSEP
was extracted as a baseline from every patient and then
recorded. Temporary clips were performed for each pa-
tient during dissection of the aneurysm 3 times on aver-
age and each clip was released after at most 3 minutes
or in case of any significant change in monitoring. SSEP

Figure 1. Histogram of age distribution
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changes for any clip and at the end of any minute were
registered in form of latency percentage increase and
amplitude percentage decrease compared to baseline.
After locating the permanent clip and at the end of the
surgery, the final SSEP was registered to compare with
any changes over the baseline. Critical significant SSEP
changes were defined as an amplitude reduction of the
cerebral evoked potential of greater than 50%, latency
delay of greater than 10%.

All patients were admitted to ICU after surgery and
were evaluated for any neurological deficit. Brain CT
scan was immediately performed after surgery for all
patients and control CT scans were done to identify de-
layed ischemic changes. Besides, delayed CT scan was
performed as a 2-month follow-up plan.

3. Results

Totally 9 patients (aneurysm) were studied. Three of
them were men and 6 patients were women. Patients’
age ranged from 39 to 78 years (Figure 1). The clinical
status of patients was assessed by the Hunt-Hess scale.
Five cases were grade 1, 2 cases classified as grade 2, and
2 cases were in the grade 3 group. Among 9 aneurysms,
7 cases were about A.Com artery and 2 cases were in
connection with MCA artery, having a size of 5 to 11 mil-
limeters. Friedman test was applied to explore average
latency change percentage in 1%, 2", and 3™ minutes,
where results suggested that average latency change
percentage in 1%, 2", and 3™ minutes were significantly
different for 1%t clips (P=0.050) (Figure 2). For the 2" tem-
porary clips, the average latency change percentage in
the 1%, 2", and 3™ minutes were analyzed. According to
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Figure 2. Percentages for latency change of first clips: 1, 2 and 3 minutes

Figure 3. Percentages for latency change of second clips: 1, 2 and 3 minutes

Figure 4. Percentages for latency change of third clips: 1, 2 and 3 minutes
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Figure 5. Percentages for amplitude change of first clips: 1, 2 and 3 minutes UE?NS

Figure 6. Percentages for amplitude change of 2™ clips: 1, 2 and 3 minutes

Figure 7. Percentages for amplitude change of 3" clips: 1, 2 and 3 minutes
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the results, the 2™ temporary clip was not significantly
different for minutes 1, 2, and 3 (P=0.607) (Figure 3).
Moreover, the mean latency change percentage for 3rd
clips in minutes 1, 2 and 3, suggested that mean values
in minute 3 were not significantly different (P=0.641)
(Figure 4). Employing Friedman test, amplitude change
percentage for 1st clipsin 1, 2, and 3 minutes were stud-
ied and results revealed that there was no significant dif-
ference in mean amplitude change percentage for 1st
clips in 1, 2, and 3 minutes (P=0.276) (Figure 5). Mean
amplitude change percentages for 2™ clips in 1, 2, and
3 minutes were studied and results revealed that there
was no significant difference for mean latency change
percentages for 2™ clips in 1, 2, and 3 minutes (P=0.417)
(Figure 6). Analyzing average amplitude change in 3™
clips revealed that there was no significant difference
between mean amplitude change percentages of 3™
clipsin 1, 2, and 3 minutes (P=0.490) (Figure 7).

Finally, after surgery for all 9 patients, SSEP changes (as
percentage values), the rates of decrease in amplitude
percentage compared to the baseline value, were re-
spectively 23%, 19%, 30%, 14%, and 10% for the rest of
the cases. Post-op neurological deficit was not reported
for any patient. In post-op delayed brain CT scans, there
was no case of cortical or underlying tissue infarction
in the territory of the clipped artery. Of all 9 patients,
1 case had delayed infraction in contralateral nucleus
basalis, 1 case had infraction in the contralateral head
of the caudate nucleus and 1 case of unilateral carotid
infraction was observed.

4. Discussion

A large number of studies have been devoted to neu-
romonitoring in brain aneurysm surgery all over the
world, but no study was done in Iran. In a study in Pitts-
burgh of USA (2016), 14 articles with a sample size of
2015 people were examined. The advantages and val-
ues of SSEP monitoring for predicting outcomes of sur-
geries conducted on aneurysm patients were discussed
and it was revealed that this method had a high speci-
ficity of 84.5% and in patients with post-op neurological
deficit, SSEP changes were 7 times more [14]. In anoth-
er study in Korea (2016), 1208 patients who were un-
der microsurgical clipping were studied. It was revealed
that ischemic complications were 0.9% for patients
who were under SSEP monitoring and 5.6% for those
who were not monitored [15]. Another research in the
USA (2012) studied 691 patients for whom clipping an-
eurysm surgery was done. Findings represented that
SSEP monitoring values were more for predicting post-
operative stroke in unruptured compared with ruptured
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aneurysms [16]. In all studies relating to the efficiency
of SSEP monitoring in aneurysm clipping surgery, sur-
geons released the temporary clips just in presence of
significant changes in neuromonitoring, and passing the
time of clipping does not matter. Since the reliability
of this method has not been approved for us and has
never been registered in any neurosurgical reference,
we ultimately released temporary clips in 3 minutes to
reduce the risk of injury. In this period, we did not find
any significant change in SSEP at all. According to sta-
tistical results of SSEP changes, either at amplitude re-
duction or latency increase, we finally reached the half
amount threshold for significant changes (around -25%
for amplitude and +5% for latency). It seems that the
predictive value of ischemic injury for both factors are
similar and we cannot prefer one to the others.

Although the insufficient number of studies may have
caused a lack of statistically significant difference, re-
sults still have clinically significant differences and more
studies need to be performed. Since all patients showed
most SSEP changes in the 3rd minute of temporary clip-
ping, we can conclude that using the temporary clips
multiple times leads to better outcomes against increas-
ing the time of vascular clipping and reduces the prob-
ability of ischemic injuries.

In this study, we attempted to gain stochastic time of
significant changes in SSEP, which was unfortunately im-
possible despite using statistical formulas. SSEP moni-
toring limits to exploring functional somatosensory
paths and sensory cortex and is not able to recognize
ischemia in the internal capsule and neuronal pathway
of speech, therefore neuromonitoring may seem nor-
mal in ischemic injuries in this area. It is advised to use
direct cerebral oximetry with intraparenchymal brain
probe with continuous monitoring of partial Oxygen
Pressure of Brain Tissue (PBTO2).

5. Conclusion

According to the results of this study and comparing
with similar researches in literature, neuromonitoring
can be used as an index for examining tissue perfusion
level of the brain and help to prevent accidental ischemic
injuries of the brain followed by temporary clipping.
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