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Abstract

OPEN ACCESS - Editor: —

Background: Temporary vessel occlusion of the parent artery is an essential
technique for aneurysm surgery. Our aim was to clarify the safe time for temporary
occlusion for aneurysm surgery, that is the “safe time duration” (STD), in which
brain tissue exposed to ischemia will almost never fall into even the ischemic
penumbra during temporary occlusion of the middle cerebral artery (MCA), and
even transient postoperative motor impairment will be rare using intraoperative
motor-evoked potentials (MEP).

Methods: Twenty-four patients underwent MCA aneurysm clipping surgery with MEP
monitoring for 13 ruptured aneurysms and 11 unruptured aneurysms. The duration
of vessel occlusion in patients without MEP changes was measured as the STD.
Average STD was calculated as 95% confidence interval for the population mean
using sample data from patients with MEP changes and patients without changes.

Results: All 24 patients received proximal flow control only. Five patients (20.8%)
developed significant intraoperative MEP changes. Time to MEP change (i.e., STD)
in these patients was 4.6 + 2.1 min. In patients without MEP changes, STD was
2.7 = 1.4 min. Average STD was thus 3.1 + 0.7 min.

Conclusions: The 95% lower confidence limit for average STD was 2.4 min
when applying temporary occlusion on the proximal side of the MCA. This STD
resembled that previously reported for temporary proximal occlusion of the internal
carotid artery.
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INTRODUCTION

In ancurysm clipping, temporary vessel occlusion
of the parent artery is often necessary to manage
ancurysm rupture and facilitate dissection and clip
application.*" However, prolonged vessel occlusion
carries an Inevitable degree of risk of ischemic brain
damage.® Such damage results in various conditions
postoperatively. In the 1970s, a critical blood flow
threshold for neuronal function was demonstrated based
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on clectrical recordings in experimental studies, and the
efficacy of using somatosensory-evoked potentials (SEP)
during aneurysm surgery to confirm sufficient cerebral
circulation was subsequently reported.'"!"! Monitoring
with motor-evoked potentials (MEP) has been proven to
offer a sensitive evaluation of the risk of cerebral ischemia
during surgery.!'">71214 Although MEP does not offer
100% positive or negative predictive value for ischemic
complications, the sensitivity of MEP monitoring for
postoperative motor deficit is higher than that of SEP
monitoring.” Using MEP monitoring, the safe time
duration (STD) for internal carotid artery (ICA) occlusion
in aneurysm surgery has been already reported.!™ The
purpose of this study was to determine the STD for
temporary occlusion of the middle cerebral artery (MCA)
during aneurysm surgery as exactly as possible.

MATERIALS AND METHODS

Twenty-four patients who had undergone MCA anecurysm
clipping surgery with MEP monitoring at our institute were
retrospectively included in this study. Thirteen aneurysms
were ruptured, and 11 aneurysms were unruptured.
Patients with intracranial hemorrhage and/or who had
undergone combined bypass surgery were excluded. In the
surgeries for ruptured ancurysms, clipping was performed
within 72 h after subarachnoid hemorrhage to avoid
vasospasm. All 24 patients underwent pterional craniotomy
using a transsylvian approach under general anesthesia,
and after craniotomy a grid clectrode strip with four
clectrodes (Unique Medical, Tokyo, Japan) was inserted
into the subdural space to facilitate electrical stimulation of
the motor cortex for the hand. Anesthesia was maintained
with continuous injection of propofol at 4-10 mg/kg/h and
remifentanil at 0.1-0.3 pg/kg/min. Muscular relaxation
was avoided after induction of anesthesia to allow MEP
monitoring. We considered that MEP was significantly
changed when amplitude decreased to less than 50% when
compared with control levels. We performed temporary
vessel occlusion to not only avoid uncontrollable aneurysm
rupture but also to reduce intra-aneurysm pressure, and
thus, facilitate dissection of the aneurysm while avoiding
ancurysm rupture. We tried to restore blood flow within
no more than 5 min wherever possible. In particular, when
the duration of temporary vessel occlusion exceeded 5 min,
the next application of temporary occlusion was performed
only after maintaining flow to the MCA for more than
5 min. We did not perform any procedures aimed at
protecting the brain from ischemia during temporary
vessel occlusion. We measured the duration of temporary
vessel occlusion in patients without MEP change as the
STD. In patients without any MEP changes, the STD
could be longer than measured values. In patients who
developed MEP changes, the duration until MEP change
was recorded as the STD. To estimate average STD, we
calculated 95% confidence interval for the population
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mean from sample data for STD in all patients with
MEP changes and in all patients without MEP changes.
Average STD represents the estimated value of the virtual
population mean based on observed values. For statistical
analyses, Student’s t-test and Fisher’s exact test were
used. Differences were considered statistically significant
at the P < 0.05 level. Receiver-operating characteristics
analysis was used to determine sensitivity and specificity
for detecting MEP changes. The abovementioned methods
have been described previously.!"”)

RESULTS

All 24 patients who underwent temporary vessel occlusion
of the MCA received proximal flow control only; that is,
control at the horizontal segment of the MCA (Ml).
Five patients (20.8%) developed significant intraoperative
MEP changes. In all 5 patients with MEP changes,
these changes occurred during the first attempt at
vessel occlusion (occlusion time, 4.9 = 2.0 min). Among
these patients, mean time to MEP change (ie., STD)
was 4.6 = 2.1 min. Occlusion time (i.e., STD) was
2.7 £ 1.4 min in patients without MEP changes [Table 1].
According to receiver-operating characteristic analysis
for detecting MEP changes, sensitivity was 0.60 and
specificity was 0.95 using a cut-off value of 5.0 min.
Average STD was 3.1 = 0.7 min [Figure 1]. The
proportion of significant MEP changes tended to be
higher with ruptured ancurysm surgery than with
unruptured aneurysm surgery (4/13  patients, 30.8%
vs 1/11 patients, 9.1%, P = 0.22). In all five patients
with significant intraoperative  MEP changes, MEP
changes lasted less than 10 min, and no cases developed
postoperative motor deficits or cerebral infarction.

DISCUSSION

We determined that the 95% lower confidence limit of
the average STD was 2.4 min when temporary occlusion

Table 1: Summary of 24 patients who underwent
aneurysm surgery with temporary middle cerebral artery
occlusion*®

Parameters Value (%)
Proximal occlusion

No. of patients 24

MEP change No MEP change
No. of patients 5(20.8) 19 (79.2)
occlusion time (min) 4.9+2.0(2.7-8.3) 2.7+1.4(0.7-5.2): STD
Time to MEP change 4.6+2.1(2.0-8.0): STD No change
(min)
Average STD (min) 3.1x0.7

*Occlusion time and time to MEP change are presented as meantstandard deviation
of the mean (range). STD: Safe time duration; MEP: Motor-evoked potential; Average
STD is given as the 95% confidence interval for the population mean calculated from
sample data for patients with MEP changes and patients without changes
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Figure |: Histogram of safe time duration (STD) for temporary vessel occlusion.The shaded column demonstrates average STD, representing
the 95% confidence interval for the population mean calculated from sample data in patients with motor-evoked potential (MEP) changes
and in patients without changes. %: MEP changes. Receiver-operating characteristic analysis for detecting MEP changes

was applied at MI1. Completing clipping of MCA
aneurysms using temporary occlusion within this lower
limit of the STD may sometimes prove challenging.
However, proximal flow control is not always needed
for MCA anecurysms because these ancurysms are not
under particularly high pressure and are not adherent to
the dura mater in contrast to ICA ancurysms. In many
occasions, the temporary clip can be removed within this
duration, and then placed again after a couple of minutes
as an adequate interval of reperfusion. Consequently,
in unruptured cases, cach temporary occlusion can be
performed within the lower limit of the average STD,
even for large ancurysms. In ruptured cases, primary
clipping can often be performed during a short temporary
occlusion to secure the rupture site, and the final and
perfect clipping can be performed in the same manner as
for unruptured aneurysms.

Several studies using cortical MEP in a similar manner
to the present study have shown that no patients with
unchanging MEP experienced postoperative motor paresis
during ancurysm surgery.®” We think that if temporary
occlusion of the MCA is restored within the lower limit
of the average STD, brain tissue exposed to ischemia
will almost never fall into even the ischemic penumbra
intraoperatively, and postoperative motor impairment will be
rare even in the absence of intraoperative MEP monitoring.
On the other hand, we have to be aware that MEP
monitoring does not offer 100% sensitivity or specificity for
ischemic complications, as Abdulrauf et al. reported from
their experience with awake surgery for ancurysm clipping.!!

We believe the safe time for temporary occlusion in
ancurysm surgery (that is, the STD) does not exceed the
abovementioned duration of 2.4 min. This is because
critical ischemia (in other words, ischemic penumbra) in
the MCA territory caused by temporary MCA occlusion
results in significant MEP changes, and because the
ischemic penumbra can cause transient neurological
deficits as a result of some degree of reperfusion injury
without developing postoperative brain infarction. In
other words, when temporary occlusion is performed

within this duration, even transient postoperative motor
impairments will rarely occur. Consequently, the STD
for temporary vessel occlusion presented here is shorter
than previously proposed because previous studies have
estimated safe occlusion times based primarily on the
presence of postoperative brain infarction, neurological
deficit, or SEP changes, which offer lower sensitivity for
postoperative motor deficit than MEP changes.¢*)

In this study, the STD of M1 temporary occlusion was
slightly shorter than that of ICA temporary occlusion,
which has been previously reported (ICA temporary
occlusion: time to MEP change, 6.0 = 2.5 min; average
STD, 4.0 = 0.6 min)."” This is because temporary
occlusion of the ICA can induce sufficient blood flow
to the brain tissue if collateral circulation via the
anterior and/or posterior communicating artery from the
contralateral cerebral blood flow is sufficient whereas no
comparable collateral circulation exists with temporary
occlusion of the M1.

In this preliminary study, we tried to simply estimate
STD and thus did not take into account several factors,
as follows. First, when we apply temporary clips to the
MCA, ischemic tolerance to proximal occlusion is likely
dependent on the existence of leptomeningeal anastomosis
as part of the cerebrovascular collateral circulation.
Well-developed posterior cerebral arteries, such as those
secen with a fetal-type posterior communicating artery,
can cause a much more robust collateral circulation.
Collateral circulation is difficult to accurately estimate in
the clinical setting, particularly before emergent surgery.
In addition, although we did not raise blood pressure
during temporary occlusion, intentional increases in blood
pressure may eclevate collateral flow. Second, temporary
M1 occlusion proximal to the lenticulostriate artery (LSA)
feeding the pyramidal tract, which theoretically results
in lower perfusion to the LSA, may shorten the STD.
However, we cannot accurately determine where the
LSA feeding the pyramidal tract exists on the MCA and
cannot Intraoperatively evaluate whether the location
of temporary occlusion at M1 is proximal or distal to
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this LSA, particularly in the presence of subarachnoid
hemorrhage. Third, temporary vessel occlusion for ruptured
aneurysm may carry a significant risk of shortening the
STD, because high intracranial pressure after subarachnoid
hemorrhage causes a loss of cerebral blood flow even if
outside of the vasospasm period. Release of temporary
occlusion based on MEP monitoring may thus be ideal in
all patients. Iowever, this duration represents important
baseline knowledge for neurosurgeons, allowing relatively
safe temporary M1 occlusion within this duration without
intraoperative MEP monitoring, as this option is not always
available in clinical settings around the world. Additional
studies are needed to achieve more definitive values.

CONCLUSIONS

Using intraoperative MEP measures, we determined the
STD for temporary occlusion of the MCA, in which brain
tissue exposed to ischemia, including the pyramidal tract,
almost never falls into even the ischemic penumbra.
The 95% lower confidence limit for the average STD is
2.4 min for the MCA occluded proximal to the aneurysm.
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