
Peer-Review Short Reports
Bypass or Not? Adjustment of Surgical Strategies According to Motor Evoked Potential
Changes in Large Middle Cerebral Artery Aneurysm Surgery
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INTRODUCTION

Postoperative cerebral infarction has been
described as a major surgical complication
after aneurysm surgery. Infarction is most
often related to surgical procedures or post-
operative vasospasm. Sasaki et al. (14) re-
viewed 1043 surgical cases of intracranial
aneurysms and found that postoperative in-
farction occurred in 10.4%. Of these cases,
2.3% were related to vasospasm; 7.6% were
related to inappropriate surgical manipula-
tions; and 0.5% were related to angiogra-
phy, embolism, and hypotension.

Because of the bifurcation location, ir-
regular shape, large size, perforating arter-
ies to the basal ganglia, or aneurysm type
(e.g., dissecting aneurysms), direct clip-
ping of large middle cerebral artery (MCA)
aneurysms is often difficult and requires
prolonged temporary occlusion of the par-
ent artery. Giant aneurysms are often asso-
ciated with intramural thrombus and scle-
rosis of the neck and feeding artery.
According to Jaakko et al. (5), postoperative
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paralysis occurred in more than one-third M
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f the patients. Extracranial-to-intracranial
EC-IC) bypass before clipping might de-
rease this number, but what are the indica-
ions for choosing revascularization sur-
ery?

Neurophysiologic monitoring with sen-
ory evoked potentials (SEPs) has been used
or many years during cerebrovascular sur-
ery to detect inadequate regional cerebral
lood flow (15). Motor evoked potentials
MEPs) have shown superiority to SEPs in
etecting functional disturbances of the py-
amidal motor pathways in terms of both
ensitivity and specificity (9). Combined
se of MEPs and SEPs may provide a better
utcome for complicated MCA aneurysm
urgery. We report two cases of large MCA
ifurcation aneurysms in which changes in
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ltered the course of surgical treatment.
here was no permanent postoperative dis-
bility in either patient.
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ing surgery. The balloon was placed and
inflated in the left M1 segment distal to
the perforating arteries. Initially, the pa-
tient tolerated the procedure well, but 3
minutes later, aphasia and left-sided pa-
ralysis occurred. The balloon was deflated
and removed at once, and the patient re-
covered to baseline in several minutes.
Because of the failed occlusion test, an
EC-IC bypass surgery was planned for this
patient.

After craniotomy, core body temperature
was reduced to 32°C–34°C to decrease oxy-
gen consumption during EC-IC bypass and
clip reconstruction. During the operation,
we found that the inlet and two outlets were

Figure 1. A giant left middle cerebra
and lateral (B) views. A balloon occ
minutes later, aphasia and left-side
potentials (SEPs) (E) were used for
minutes, when the MEP waveform
were reduced by � 50% in amplitu
(F), the occlusion time was 24 min
returned to normal in 4 minutes an
located at the ipsilateral side of the aneu- t
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ysm, making it possible to do a clip recon-
truction of the aneurysm without perform-
ng an EC-IC bypass. First, a temporary clip

as placed on the left M1 segment distal to
he perforating arteries. Because of stable

EPs and SEPs, we proceeded to dissection
f the neck of the aneurysm. Needle punc-

ure and suction decompression were per-
ormed to facilitate dissection of the wall of
he aneurysm from surrounding structures.

owever, MEP waveforms decreased by �
0% in amplitude at 17 minutes of occlu-
ion, and they disappeared completely at 21
inutes of temporary clipping. SEP wave-

orms decreased by � 50% in amplitude but
id not fully disappear at 20 minutes after

ry bifurcation aneurysm was found on digital subt
test was done (C). Initially, the patient was comp

lysis occurred. During surgery, motor evoked pot
itoring. After proximal occlusion, there was no cha
re reduced by � 50% in amplitude and disappeare
ter 20 minutes but did not disappear during the o
and reperfusion was 3 minutes after disappearanc
inutes after reperfusion.
emporary occlusion. Because of the late t
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hanges in MEP signals at 17–21 minutes
nd the partial but not complete loss of SEP
ignals, we continued the operation and
laced three clips to remodel the aneurysm
y clip reconstruction. After that, the tem-
orary clip was removed. The occlusion

ime was 24 minutes, and reperfusion was 3
inutes after disappearance of MEP wave-

orms. MEPs and SEPs returned to normal
n 4 minutes (MEPs) and 3 minutes (SEPs)
fter reperfusion.

The patient recovered uneventfully after
he operation. There was no cerebral infarc-
ion on postoperative computed tomogra-
hy (CT) scan. Postoperative CT angiogra-
hy showed that the aneurysm had been

angiography, posteroanterior (A)
neurologically intact, but 3
(MEPs) (D) and sensory evoked

n MEP monitoring until 17
inutes later. SEP waveforms

on. The aneurysm was clipped
EP waveforms. MEPs and SEPs
l arte raction
lusion letely
d para entials
mon nge i
s we d 4 m
de af perati

utes, e of M
otally obliterated.
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Patient 2
A 54-year-old woman was brought to the
hospital after a car accident. No neurologic
disability was found during the physical ex-
amination; however, axial CT scan revealed
a lesion in the right lateral fissure. DSA
showed a right M1 bifurcation aneurysm
(Figure 2).

As in the first case, mild hypothermia was
used during surgery. The aneurysm was ex-
posed via the left lateral fissure approach.
The aneurysm had one inlet (left M1) and
two outlets (superior and inferior M2). The
M1 and superior M2 were located on one
side of the aneurysm, and the inferior M2
was located on the other side. We pro-

Figure 2. A right M1 bifurcation ane
The aneurysm was exposed via th
evoked potentials (MEPs) (D) and s
proximal occlusion with temporary
extracranial-intracranial bypass rout
to the superior M2 outlet (F, with s
removed the temporary clips after
the waves returned to baseline. Th
baseline about 5–6 minutes after c
performed thrombectomy and end
MEP waveform amplitudes were r
state 4 minutes after reperfusion.
circle, with details presented in the
ceeded with clip reconstruction surgery by c
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rst applying a temporary clip at the M1.
EPs decreased by nearly 50% in amplitude
minutes after temporary clipping. Be-

ause of these early changes and the appar-
nt difficulty of the clip reconstruction, we
ecided to change the surgical course and
roceeded to an EC-IC bypass first, fol-

owed by clip reconstruction. The EC-IC by-
ass was from the superficial temporal ar-

ery to the inferior M2 trunk, using a radial
rtery graft. The EC-IC bypass was accom-
lished uneventfully. Both the aneurysm
nd the bypassed branch were obliterated,
nd the clip reconstruction was done to pre-
erve the flow from M1 to the superior M2
runk. However, more difficulties were en-

was shown on digital subtraction angiography, p
lateral fissure approach (C, with schematic drawin
ry evoked potentials (SEPs) (E) were used for mon
MEP waveforms diminished by nearly 50% ampl

he inferior M2 and then clipped the aneurysm and
atic drawing at the upper right corner). Clip recon
wave amplitudes were found reduced by � 50%;
porary clips were applied for 7–8 minutes each t
oval. Eventually, we trapped the aneurysm, ope

ctomy to facilitate clip reconstruction. The tempor
d by � 50% at 5 minutes and disappeared at 21
aveforms were reduced by � 50% at 16 minutes
r right corner), and recovered to their initial state
ountered. After clip placement, the blood r
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ow of the superior M2 trunk was found to
e insufficient by intraoperative micro-
oppler. Clip repositioning was needed to

chieve the reconstruction. We removed the
lips after the MEP signals decreased by �
0% in amplitude and replaced the clips
fter the waves returned. The changes in
EPs occurred 7 minutes after proximal

emporary occlusion and returned to nor-
al 6 minutes after the release of the tem-

orary clips. This set of maneuvers was
one twice. At this point during the surgery,
n attempt to trap the aneurysm was made.

e opened the wall of the aneurysm and
erformed a thrombectomy. We found that

he aneurysm had severe thickening of arte-

anterior (A) and lateral (B) views.
he upper right corner). Motor
g during the operation. After
at 4 minutes. We made an
the blood flow from the M1 inlet
ion was difficult, and we
eplaced the temporary clips after
nd MEP amplitudes returned to
e wall of the aneurysm, and
clusion time was 21 minutes;

es but recovered to their initial
ppeared at 17 minutes (E, yellow
taneously with MEP waveforms.
urysm ostero
e left g at t
enso itorin
clips, itude
e to t kept
chem struct
MEP we r
e tem ime, a
lip rem ned th
artere ary oc
educe minut
SEP w , disa
iole intima, which had partially dissected

RLDNEUROSURGERY.org 398.e3



PEER-REVIEW SHORT REPORTS

LIANG CHEN ET AL. MOTOR EVOKED POTENTIAL CHANGES IN ANEURYSM SURGERY
from the wall of the vessel. The lumen from
M1 to the superior M2 tended to be occluded
by the intima. We continued to perform the
endarterectomy from M1 to the superior M2,
to facilitate clip reconstruction. MEP signals
decreased by � 50% in amplitude 5 minutes
after trapping the aneurysm; in the following
16 minutes, no MEP monitoring was per-
formed. Because releasing the trapping was
impossible, the only remaining option was to
complete the clip reconstruction as soon as
possible. The SEP waveforms were reduced by
50% in amplitude at 16 minutes and disap-
peared completely at 17 minutes. MEPs and
SEPs simultaneously recovered to baseline 4
minutes after reperfusion.

After the operation, the patient had tran-
sient contralateral paralysis, but she recov-
ered completely 1 month later. Basal gan-
glia infarction was found on CT scan 12
hours after the operation, indicating blood
flow insufficiency to perforating arteries
during surgery. Postoperative CT angiogra-
phy showed that the aneurysm had been
totally obliterated, with fluent bypass flow
from the superficial temporal artery to the
inferior M2 trunk via the bridging radial ar-
tery.

DISCUSSION

There are many ways to treat complex large
or giant MCA aneurysms, including the
multiclip method (2, 8, 13, 21), trapping
with bypass (17, 20), and the combination
of the two methods. Surgical maneuvers in-
volved in the first method include dividing
the neck and some part of the body of the
aneurysm to avoid entrapment of any perfo-
rating arteries, aneurysm puncture and suc-
tion decompression, thrombectomy and
sometimes endarterectomy, and clip recon-
struction of the blood flow from the inlet to
the outlet. Although some extremely effec-
tive methods of clip reconstruction have
been recommended (2, 8, 13, 21), long-time
temporary clip occlusion of the parent ar-
tery and some branches is still inevitable in
most cases. Because neither the “window”
of safe occlusion nor the occlusion time
needed to complete the clip reconstruction
is predictable, the chances of ischemic
stroke are unpredictable during operation.

In view of confirming the safety of the
distal area of MCA, EC-IC or intracranial-
to-intracranial bypass provides a good al-

ternative during the management of giant

398.e4 www.SCIENCEDIRECT.com
and large complex MCA aneurysms. The
pros and cons of the bypass surgery are ob-
vious: It provides a way to augment or re-
place the interfered blood flow, minimizing
ischemic complications, but also adds sur-
gical trauma while harvesting a bridging ar-
tery or performing the vascular anastomosis.
The long time patency of the bridging artery is
still a concern, and subsequent anticoagula-
tion is prolonged in some patients.

For a lateral wall aneurysm, increased
distal pressure after the bypass surgery
might cause altered blood flow, resulting in
thrombosis of the aneurysm. How can we
know the optimal pressure and flow rate to
achieve equilibrium in the aneurysm? At the
bifurcation location, distal bypass flow is
usually designed to one branch (8) and less
commonly to both branches (20). The con-
cern about optimal bypass pressure and
flow rate still exists. To ensure a cure, direct
clipping or trapping of the aneurysm is rec-
ommended after the bypass.

Bypass flow retains distal perfusion after
proximal occlusion, prolonging the safe oc-
clusion time. For an aneurysm with a
branch derived from its dome or neck, such
as in case 2, the upstream flow of this
branch can be permanently replaced from
the bridging artery. Both the aneurysm and
the bypassed branch can be obliterated,
and the clip reconstruction preserves the
flow from M1 to the other branch and the
perforators. This maneuver is helpful to re-
duce the occlusion time of the parent artery.

If the aneurysm can be obliterated in the
time window of safe occlusion, the patient
can achieve a cure with less injury. Intraop-
erative neurophysiologic monitoring pro-
vides a reliable way to detect ischemia after
temporal occlusion. In case 1, the aneurysm
was able to be clipped during the operation
because its inlet and both outlets were lo-
cated on one side and the body of the aneu-
rysm was located on the other side. The oc-
clusion time was not long, and the patient
tolerated the reduction of blood flow well
under MEP and SEP monitoring. The by-
pass contingency should be routinely pre-
pared for large or giant MCA aneurysms.
Cantore et al. (3) reviewed 130 cases of giant
intracranial aneurysms and concluded that
surgical clipping ought to remain the “gold
standard,” with bypass reconstruction be-
ing the choice when direct clipping was

contraindicated. When exactly is direct clip-

WORLD NEUROSURGE
ping “contraindicated,” however, and by-
pass surgery “indicated”?

According to the available literature, BTO
is recommended before the procedure.
Temporal occlusion of an artery that may be
sacrificed or occluded for a prolonged pe-
riod is helpful to judge tolerance of these
interventions. Because the patient is awake
and not sedated, any symptomatic ischemic
event can be assessed immediately. How-
ever, a false-negative rate of 5%–20% in
BTO has been reported (7, 10, 16, 22). To
predict the outcome of the occlusion test
better, single photon emission computed
tomography and induced hypotension are
used with balloon occlusion test (11, 18).
The available data from the literature are
mainly focused on assessment of the per-
manent sacrifice of the internal carotid ar-
tery, and little is known about the result of
temporal occlusion of the MCA during the
operation. An anesthetic state and body
temperature lowered to 32°C–34°C de-
crease oxygen consumption and presum-
ably enhance the time window of safe occlu-
sion. In addition to BTO, an intraoperative
means of monitoring blood flow sufficiency
is indispensable.

Generally, we divide the means of intra-
operative monitoring of blood flow suffi-
ciency into two categories: blood flow mon-
itoring and functional brain monitoring.
Blood flow monitoring includes intraoper-
ative DSA, fluorography, microvascular
Doppler ultrasound, and flow quantifica-
tion with Charbel micro-flowprobe (1).
However, decreased blood flow always oc-
curs after temporary occlusion and can be
partially compensated for by augmented
collateral flow by increasing the mean arte-
rial pressure by 20%–30% above its base-
line. Increasing the mean arterial pressure
may increase oxygen available for neuronal
tissues. Monitoring of brain tissue oxygen-
ation during aneurysm surgery has been re-
ported (6) but has not been routinely used in
clinical practice because of its inaccuracy,
invasiveness, and limited area of monitor-
ing on the superficial cortex.

Intraoperative monitoring of MEPs has
been found to be safe and reliable for detect-
ing intraoperative blood flow insufficiency
in aneurysm surgery (4, 9, 19). In predicting
early postoperative infarction, the sensitiv-
ity and specificity of any MEP change during
operation are estimated to be 90.9%–100%

and 84.3%– 87.8%. Permanent loss of

RY, DOI:10.1016/j.wneu.2011.11.036
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MEPs is associated with a positive predic-
tive value of 20%–36.4% and negative pre-
dictive value of 87.1%–100%. Horiuchi et al.
(4) evaluated the usefulness of MEP moni-
toring to detect blood flow insufficiency in
the cortical branches of the MCA and lentic-
ulostriate arteries during MCA aneurysm
surgery in 53 patients. Transient MEP
changes occurred in nine patients, and
three patients had transient motor paresis.
MEP waveforms disappeared and did not
recover in one patient, and this patient de-
veloped severe paralysis. No other patient
had a motor deficiency after operation.

In the first case we described, we had
predicted that EC-IC bypass would be nec-
essary for the patient because preoperative
BTO was positive. Neurophysiologic moni-
toring in this patient did not change until 17
minutes after temporary clip placement,
and the MEP waveforms recovered quickly
after reperfusion. The other important rea-
son we attempted direct clipping of the an-
eurysm was that we had found that the inlet
and two outlets were located on the ipsilat-
eral side of the aneurysm, and there was no
obvious sclerosis of the aneurysm wall or
the parent artery, making it feasible to clip
the aneurysm directly.

The patient in the second case had infarc-
tion of basal ganglia on the ipsilateral side
with temporary contralateral paralysis. In-
farction in the internal capsule is more
common than infarction in the cortex for
paralyzed patients after aneurysm surgery
(14). The perforators to the internal capsule
might be from C4, anterior choroidal artery,
A1, left subclavian artery, posterior cerebral
artery, or their combinations (12). On aver-
age, there are 10 left subclavian arteries per
hemisphere, and 80% of them arise from
the prebifurcation part of the M1 segment
(12). If the medial group of the left subcla-
vian artery is well developed and the tempo-
ral clip can be placed distally or if the blood
supply of the internal capsule is mainly
from other perforators, the time window of
safe occlusion can be longer, just as case 1.
However, blood supply from the lateral
group of left subclavian arteries is indis-
pensable in certain cases, and these pa-
tients must be quickly recognized after
placement of the temporal clip. Neurophys-
iologic monitoring is a reliable way to rec-
ognize these patients. Trapping time is es-
sential to be attributed to the ischemic

insult of the basal ganglia. In case 2, al- o

WORLD NEUROSURGERY 77 [2]: 398.e1-
hough we tried our best to reduce the trap-
ing time and we released the trapping clips
everal times according to the MEP and SEP
hanges, postoperative infarction of the
asal ganglia still occurred.

The vulnerability of the basal ganglia to
schemic insult should always be fully rec-
gnized, and clinicians should do all they
an to minimize that possibility. Monitor-
ng using MEPs and SEPs is a reliable way to
etermine the danger. In case 2, MEP waves
isappeared after we opened the aneurys-
al wall to perform a thrombectomy. All we

ould do at that time was to accelerate the
rocedure to shorten the trapping time; all
rain protection methods we could apply
ad been used in the patient. The postoper-
tive state of transient motor disability cor-
esponded to the transient MEP changes
uring the operation. The value of MEP and
EP monitoring in this patient was to real-

ze the danger of ischemia of the motor
athway and to remind the operator to re-

ease the trapping clips if possible or accel-
rate the surgical procedure if the release of
he clips had become impossible. Although
e describe only two cases here, the MEP

hanges we observed occur frequently, and
uch information can be derived from

hem to adjust the therapeutic strategy.

ONCLUSION

o bypass or not is still a question that
oses a significant clinical dilemma be-
ause it is difficult to identify preoperatively
atients who may need the bypass opera-

ion. The clinician can decide on a surgical
lan of bypass first versus clip reconstruc-

ion directly only after testing for how long
he patient can tolerate occlusion. Preoper-
tive BTO and intraoperative physiologic
onitoring are complementary methods to

valuate the window of safe occlusion. If
onger continuous occlusion time is needed
han the time tolerated during the BTO, ow-
ng to the morphology of the aneurysm, a
onstruction of bypass flow to the distal
ranches is recommended before oblitera-

ion of the aneurysm. To our knowledge,
his is the first study to use MEP changes as
n intraoperative bypass indication. A con-
rolled study design is required to confirm
he true efficacy of MEP monitoring in large

r giant MCA aneurysm surgery.
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