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Wonhyoung Park
Department of Neurosurgery, University of Ulsan College of Medicine, Asan Medical Center, Seoul, 
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Objective: The aim of this study was to investigate the efficacy of intraoperative 
indocyanine green videoangiography (ICG-VA) and intraoperative neuromonitoring 
(IONM) to prevent postoperative ischemic complications during microsurgical clipping 
of unruptured anterior choroidal artery (AChA) aneurysms.

Methods: We retrospectively reviewed the clinical and radiological records of all 
patients who had undergone microsurgical clipping for unruptured AChA aneurysms 
at our institution between April 2001 and December 2019. We compared the post-
operative complication rate of the group for which intraoperative ICG-VA and IONM 
were utilized (group B; n=324) with that of the group for which intraoperative ICG-VA 
and IONM were not utilized (group A; n=72). 

Results: There were no statistically significant differences in demographic data 
between the two groups. Statistically significant differences were observed in the rate 
of overall complications (p=0.014) and postoperative ischemic complications related 
to AChA territory (p=0.039). All the cases (n=4) in group B who had postoperative 
infarctions related to AChA territory showed false-negative results of intraoperative 
ICG-VA and IONM.

Conclusions: Preserving the patency of the AChA is essential to minimize postop-
erative complications. Intraoperative monitoring tools including ICG-VA and IONM 
can greatly contribute to lowering complication rates. However, their pitfalls and 
false-negative results should always be considered.
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MATERIALS AND METHODS

This retrospective study was approved by the institu-
tional review board of Asan Medical Center.

Study population
We retrospectively reviewed the clinical and radiolog-

ical records of all patients who had undergone micro-
surgical clipping for unruptured AChA aneurysms at 
our institution between April 2001 and December 2019. 
In total, 396 patients underwent microsurgical clip-
ping during this period. We excluded (1) patients with 
subarachnoid hemorrhage and (2) those who did not 
undergo direct aneurysmal neck clipping such as coagu-
lation or wrapping.

Clinical and radiological data collection and  
evaluation

Patient medical records on characteristics, aneurysm 
size, any postoperative neurological deficits, and postop-
erative radiological abnormalities were obtained through 
our institutional Electronic Medical Records (EMR) 
database. Patient characteristics included age, sex, 
hypertension (HTN), diabetes mellitus (DM), hyperlip-
idemia, and smoking status. Aneurysm size was defined 
as maximal dome size on three-dimensionally recon-
structed images of preoperative computed tomographic 
angiography (CTA) or transfemoral cerebral angiog-
raphy (TFCA). All patients underwent CTA immedi-
ately after surgery. In the absence of a focal neurologic 
deficit, patients routinely underwent brain CT on day 3 
after surgery. Diffusion-weighted magnetic resonance 
imaging (DW-MRI) was evaluated to confirm postop-
erative infarctions in patients with any postoperative 
neurologic deficits. In asymptomatic patients, postoper-
ative infarction was defined as a low-density area with a 
specific vascular supply territory on CT acquired on day 
3 after surgery. Patients with symptomatic or asymptom-
atic infarctions underwent TFCA immediately to eval-
uate the patency of AChA and the parent artery. At the 
discretion of the surgeon, patients underwent postoper-
ative TFCA to check the residual sac of the aneurysm. 

INTRODUCTION

The anterior choroidal artery (AChA) originates 
from the posterolateral wall of the internal carotid 
artery (ICA), and then passes through distal segments 
consisting of the cisternal and plexal segments, which 
are divided by the choroid fissure.27) The AChA has 
perforating branches19) and supplies eloquent areas 
including the posterior limb of the internal capsule, 
optical tract, lateral geniculate body, medial temporal 
lobe, and the medial area of the pallidum.40) Aneurysms 
at the junction of the AChA and ICA account for 2–4% 
of all intracranial aneurysms. Treatment of AChA aneu-
rysms can be challenging due to the particular confor-
mation of the AChA, its small size, and the eloquence 
of the territory it supplies.1) Infarctions related to AChA 
territory are characterized by the triad of contralateral 
hemiplegia, hemisensory loss, and homonymous hemi-
anopsia.32) Thus, preserving the patency of the AChA is 
important to avoid postoperative ischemic complica-
tions.20) As devices and techniques advance, more AChA 
aneurysms are being treated using endovascular treat-
ment modalities. However, patients with aneurysms that 
have broad necks or are large in size or incorporated in 
the AChA or endovascularly inaccessible are still being 
treated with microsurgical clipping. 

Tools to preserve parent artery patency during micro-
surgical clipping have been developed, such as micro-
vascular doppler sonography (MVDS), intraoperative 
indocyanine green videoangiography (ICG-VA), and 
intraoperative neuromonitoring (IONM) including 
somatosensory evoked potentials (SEPs) and motor 
evoked potentials (MEPs).6)22)28)38)39) At our institution, 
intraoperative MVDS was used during microsurgical 
aneurysm clipping before 2010, while intraoperative 
ICG-VA and IONM, along with MVDS, have been 
utilized during microsurgical clipping since then.

The aim of this study was to retrospectively investigate 
the efficacy of intraoperative ICG-VA and IONM to 
prevent postoperative ischemic complications during 
microsurgical clipping of unruptured AChA aneurysms.
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Surgical procedures and outcome assessments
Conventional frontotemporal craniotomies following 

a pterional approach were conducted in all cases and 
clipping procedures were performed by the three expe-
rienced attending surgeons. The YASARGIL aneurysm 
clip system (Aesculap AG & Co., Tuttlingen, Germany) 
was used in all cases. Anterior clinoidectomy or expo-
sure of the cervical ICA was performed if the aneu-
rysm was large or low-lying or if proximal control was 
expected to be difficult due to severe atherosclerosis of 
the parent artery. Temporary clipping did not exceed 
5 minutes in most cases. In all cases, MVDS was used to 
confirm the patency of distal flow in the parent artery 
and perforators after permanent clipping. IONM and 
ICG-VA were utilized for the procedure since 2010.

We compared the postoperative complication rate of 
the group for which intraoperative ICG-VA and IONM 
were utilized (group B) with that of the group for which 
intraoperative ICG-VA and IONM were not utilized 
(group A). Postoperative complications were divided 
into two categories, clinical and radiological. Clinical 
outcomes were evaluated using modified Rankin Scale 
(mRS) values at discharge and at 6 months after the 
surgery. 

Anesthesia regimen
Total intravenous anesthesia was used in all cases, in 

combination with standard American Society of Anes-
thesiologists monitors. Following the injection of lido-
caine (20–40 mg), anesthesia was induced with propofol 
(1.5–2.5 mg/kg). A commercially available 2-channel 
target-controlled infusion (TCI) pump (Orchestra, 
Fresenius Vial, Brezins, France) was used for effect-
site TCI of propofol and remifentanil. Before the dural 
opening, anesthesia was maintained using continuous 
infusion of propofol (2.5 ug/mL) and remifentanil 
(7–9 ng/mL). After the dural opening, TCI rates were 
increased to 3.0 ug/mL for propofol and 10–15 ng/mL 
for remifentanil. Bispectral index monitoring (Aspect 
Medical Systems Inc., Framingham, MA, USA) was used 
to ensure adequate depth of anesthesia (target index 
range, 30–50). As elicited EP monitoring responses are 

very sensitive to suppression by muscle relaxants, full or 
partial neuromuscular blockage was not induced during 
microsurgical clipping with IONM. At the discretion 
of the anesthesiologist, a bolus dose of rocuronium 
(0.8–1.0 mg/kg) was administered only once to provide 
neuromuscular blockade for endotracheal intubation, or 
low-dose rocuronium was continuously infused under 
the guidance of a train-of-four (TOF) monitor.17) The 
procedure was similar to that followed in our previous 
study.8)

EP monitoring 
Preoperative SEP evaluations were conducted before 

the surgery, with a Neuropack MEB-2200 (Nihon 
Kohden, Tokyo, Japan). The baseline SEP and any 
abnormal amplitude or latency were used as the baseline 
reference during intraoperative monitoring. Preoperative 
MEP evaluations were not conducted, due to the pain 
caused by electrical stimulation during the evaluation. 
The same device was used intraoperatively by trained 
neurophysiologists. Subcutaneous, bilateral placement 
of cranial electrodes at C3/C4 was performed for both 
MEP and SEP monitoring according to the International 
10-20 electroencephalogram system. 

MEPs were elicited using a train of six constant-cur-
rent anodal 0.5-msec-wide stimuli delivered at 
3-msec interstimulus intervals. Bilateral MEPs were 
recorded using subcutaneous needle electrodes at the 
deltoid, abductor pollicis brevis, tibialis anterior, and 
adductor hallucis muscles. MEPs were recorded within 
a 150-msec interval with filtration and amplification 
(bandpass 30–2000 Hz, 10,000 times). The baseline 
stimulus intensity was tested at least three times, before 
the scalp incision, the craniotomy, and the dura incision. 
Once the baseline intensity was confirmed, the baseline 
amplitude of MEP/SEP waves was selected and recorded 
in the neurophysiology event log. SEPs elicited from 
the bilateral median and posterior tibial nerves were 
monitored throughout the surgery. The cranial electrode 
responses at C3/C4/Cz following continuous stimula-
tion with a 4.7-Hz current at minimal stimulus intensity 
were used to assess SEPs.
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The majority of previous studies on intraoperative 
EP monitoring suggest that a decrease in amplitude 
of greater than 50% should be considered a clinically 
significant change.12-15)17)21)33)36)37)41) The neurophysiology 
team shared the EP results with the surgeon immedi-
ately in case of significant changes. MEPs were routinely 
recorded after the permanent clipping. Additional 
stimulations were conducted if there was a SEP decline 
or at the surgeon’s request. The final EP monitoring 
was recorded during the scalp closure, using MEPs. If 
significant EP changes occurred, the stimulation inten-
sity was gradually increased and checked repeatedly. To 
avoid false-negative results, the stimulation intensity 
never exceeded 300 V. The procedure was similar to that 
followed in our previous study.8) 

ICG-VA
After an uneventful surgical exposure and initial aneu-

rysm clip placement, the surgeon requested ICG injec-
tion for VA monitoring. Patients were injected with 25 
mg of ICG (DID Indocyanine Green; Dongindang, Inc., 
Gyeonggi-do, Korea) diluted in 20 mL of sterile water 
through the central venous catheter. VA monitoring 
confirmed the patency of distal flow in the parent artery 
and perforators and the presence of aneurysm sac filling. 

Statistical analysis
The differences in demographic and clinical covariates 

between the two groups were examined with Student’s 
t-tests. Comparisons of outcomes were performed using 
the Fisher exact test or chi-square tests. All statistical 

analyses were performed using IBM SPSS Statistics 
version 21.0 (IBM Corp., USA). In this study, p values 
<0.05 were considered statistically significant. 

RESULTS

From April 2001 and December 2019, 396 patients 
underwent microsurgical clipping of unruptured AChA 
aneurysms at our institution. Seventy-two patients 
(group A) underwent microsurgical clipping without 
IONM and ICG-VA, while 324 patients (group B) 
underwent microsurgical clipping with IONM and 
ICG-VA. Intraoperative MVDS was used in both groups. 
The demographic data of all patients are presented in 
Table 1. The mean age of the patients was 55.2 years in 
group A and 56.9 years in group B. The proportion of 
female patients was higher than that of male patients in 
both groups, but there were no statistically significant 
differences in sex or age between the two groups. Histo-
ries of hypertension, diabetes mellitus, hyperlipidemia, 
and previous smoke were also compared, but no statis-
tically significant differences between the groups were 
found. The mean aneurysm diameter was 3.57 mm in 
group A and 3.33 mm in group B, with no statistically 
significant difference between the groups (p=0.26). 

Clinical and radiological outcomes are summarized in 
Table 2. Morbidity at 6 months (mRS≥3) was 1.4% and 
0.6%, respectively (p=0.453). No mortality was observed 
in either groups. The overall postoperative complica-
tion rate after microsurgical clipping was 9.7% (seven 

Table 1. ‌�Baseline characteristics for the 396 patients who underwent microsurgical clipping of unruptured anterior choroidal artery 
aneurysms

Variable Group A Group B p

Age (yr) 55.2±8.7 56.9±9.0 0.155

Female 50 (69.4) 240 (74.0) 0.424

Hypertension 31 (43.0) 134 (41.3) 0.792

Diabetes mellitus 3 (4.1) 23 (7.0) 0.365

High cholesterol 22 (30.5) 136 (41.9) 0.074

Previous smoking history 23 (31.9)  85 (26.2) 0.879

Maximum diameter (mm) 3.57±1.72 3.33±1.55 0.260

Values are presented as the mean±standard deviation or as numbers (%).
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patients) in group A and 2.8% (nine patients) in group B 
(p=0.014). 

Group A contained five cases (6.9%) of postopera-
tive ischemic complications. Among these, infarctions 
related to AChA territory were observed in four patients 
(5.6%). One patient had infarctions unrelated to AChA 
territory (1.4%), and this individual exhibited multi-
focal middle cerebral artery (MCA) territory infarctions 
due to postoperative vasospasm. Another patient had 
a postoperative intracerebral hemorrhage (ICH) in the 
right frontal lobe but did not show any postoperative 
neurologic deficits. The other patients exhibited tran-
sient third nerve palsy, which completely recovered 
within 6 months. 

Group B contained nine cases (2.7%) of postoperative 
ischemic complications. Among these, infarctions 
related to AChA territory occurred in four patients 
(1.2%). However, no significant EP changes were found 
throughout surgery in any case and the patency of 
AChA flow was also confirmed by ICG-VA. Fig. 1 shows 
preoperative and postoperative TFCA, DW-MRI, and 
intraoperative ICG-VA images as well as the intraopera-
tive MEP record of one patient with postoperative AChA 
territory infarctions.

Infarctions unrelated to AChA territory occurred in 
five patients (1.5%). These patients had multiple aneu-
rysms and showed postoperative infarctions related to 
aneurysms other than AChA. 

Statistically significant differences were observed 
between the two groups in the rate of overall complica-
tions (p=0.014) and postoperative ischemic complica-
tions related to AChA territory (p=0.039). However, the 
rate of infarctions unrelated to AChA territory did not 
differ statistically between the groups (p=0.7). Compli-
cations other than infarctions (hemorrhage or CN III 
palsy) showed no statistically significant difference. 

DISCUSSION

Anatomy of the AChA
The AChA usually arises from the supraclinoid 

portion of the ICA, distal to the origin of the posterior 
communicating artery (PComA), as a single artery. It 
may infrequently arise from the ICA as two separate 
arteries or as a single artery that immediately splits up 
into two trunks.26)30) It rarely arises from the MCA or 
the PComA. The diameter of its origin is smaller than 
that of the PComA and similar to that of the ophthalmic 
artery. The AChA is divided into cisternal and plexal 
segments, with the cisternal segment ranging from the 
origin to the choroidal fissure and the plexal segment 
including branches that pass through the choroidal 
fissure and enter into the choroid plexus of the temporal 
horn. The artery arises postero-medially behind the 
ICA, and passes below or along the medial side of the 

Table 2. Clinical and radiological outcomes

Variable Group A (n=72) Group B (n=324) p

Complications* 7 (9.7) 9 (2.8) 0.014* 

   Radiologically confirmed infarction 5 (6.9) 9 (2.8) 0.09

   Postoperative symptomatic infarction

      Infarction related to AChA territory* 4 (5.6) 4 (1.2) 0.039*

      Infarction unrelated to AChA territory 1 (1.4) 5 (1.5) 0.7

   Hemorrhage (ICH) 1 (1.4) 0.182

   CN III palsy 1 (1.4) 0.182

Functional outcomes

   mRS≥3 at 6 months 1 (1.4) 2 (0.6) 0.453

* p<0.05 
Values are presented as numbers (%).
AChA, anterior choroidal artery; ICH, intracerebral hemorrhage; CN, cranial nerve; mRS, modified Rankin Scale 
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Fig. 1. Images of a patient who underwent microsurgical clipping for an unruptured left anterior choroidal artery (AChA) aneurysm using a 
straight clip. (A) Preoperative transfemoral cerebral angiography (TFCA) showing the left AChA (black arrowhead). (B) Preoperative TFCA 
3-dimensional image showing an unruptured left AChA aneurysm (white arrowhead). (C) Intraoperative indocyanine green videoangiogra-
phy (ICG-VA) showing patent flow of left AChA after clipping. The left internal carotid artery (white arrow), the AChA (white arrowhead), and 
the clip (asterisk) are shown. (D) Postoperative diffusion-weighted magnetic resonance imaging (DW-MRI) showing an acute infarction in 
the left posterior limb of the internal capsule (red arrowheads). (E) The left AChA is not visible on postoperative TFCA. (F) Postoperative 
TFCA 3-dimensional image showing complete obliteration of the aneurysm. Note the atherosclerotic change of the parent artery and the 
small filling defect (white arrow) near the clip blade. This may represent vessel wall kinging or a dislodged atheroma causing obstruction of 
the distal flow. (G) No significant MEP changes were observed during the surgery. MEP, motor evoked potential

Procedure

MEP ADD Muscles
BP/BT

Intensity/
current
(V/mA)

CommentAPB TA AH Deltoid

Lt Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt Rt

Pre-op  
baseline

24.1 24.2 41.6 40.7 45.5 42.5 unobtained 105/51 270 V

155 123 27 41 61 73 35.1℃ 354 mA

dura open
22.6 22.5 35.7 30.9 44.2 42.2 12.9 101/49 210 V baseline 

reset1370 1150 460 270 1960 1450 420 35.3℃ 282 mA

clipping
23.0 21.1 36.8 29.2 41.2 40.8 13.9 105/53 210 V

1460 1440 430 570 1690 1240 230 36.6℃ 394 mA

post clip
20.3 20.2 29.4 28.7 40.6 39.7 12.5 110/54 210 V

1270 930 350 690 1300 1660 300 36.9℃ 299 mA

finish
22.1 21.5 32.0 28.5 39.5 39.4 13.0 105/51 210 V

950 780 360 360 2470 840 230 36.8℃ 300 mA

G
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optic tract toward the lateral geniculate body. At the 
anterior margin of the lateral geniculate body, it crosses 
the optic tract from medial to lateral and passes poste-
ro-laterally through the crural cistern. Then, it passes 
through the choroidal fissure and along the medial 
border of the choroid plexus. The branches from the 
cisternal segment commonly supply the optic tract, 
the lateral geniculate body, the posterior two-thirds of 
the posterior limb of the internal capsule, most of the 
globus pallidus, the origin of the optic radiations, and 
the middle third of the cerebral peduncle. The branches 
from the plexal segments commonly anastomose with 
branches of the lateral posterior choroidal arteries and 
supply the choroid plexus. There is substantial inter-
changeability of vascular territories among the AChA 
and the branches from the posterior cerebral artery 
(PCA), PComA and MCA.26)27)30)

Postoperative infarctions after AChA aneurysm 
clipping and surgical considerations

In previous studies, the incidence of postoperative 
infarctions after microsurgical clipping of AChA aneu-
rysms was reported to be between 4.8% and 7%.4)16)18) At 
our institution, before the use of IONM and ICG-VA, 
the incidence of postoperative infarctions (6.9%) was 
similar to that reported in the previous studies. However, 
after we started using INOM and ICG-VA, the incidence 
of postoperative infarctions decreased to a significant 
extent (2.7%). 

Not only is the use of various intraoperative moni-
toring tools important, but it is essential to identify 
the origin and the course of AChA aneurysms during 
microsurgical clipping to prevent postoperative compli-
cations. At our institution, a mirror or endoscope was 
used to identify the origin of the aneurysm if it was 
hidden behind the aneurysm dome. If this method does 
not work, distal AChA patency can be verified occa-
sionally in the supracarotid triangle, which is the space 
above the ICA bifurcation,31) as this space is relatively 
superficial and has no structures covering the AChA. 
However, the AChA is sometimes too small to be iden-
tified with MVDS. In such cases, ICG-VA is essential to 

confirm AChA patency after aneurysm clipping. 

Intraoperative monitoring tools: advantages and 
disadvantages 

Several intraoperative monitoring tools have been 
utilized during aneurysm clipping. At our institu-
tion, intraoperative MVDS was used solely until 2009. 
Although MVDS is non-invasive and time- and cost-ef-
ficient, it is occasionally unreliable owing to small vessel 
size or a suboptimal insonation angle.2)9) To compensate 
for the shortcomings of MVDS, we introduced intraop-
erative ICG-VA and IONM after 2010. ICG-VA is mini-
mally invasive, repeatable, easily performed, and has 
good resolution. Additionally, it shows vessel stenosis, 
not only as morphologic stasis but on a dynamic basis 
by presenting the flow delay in sequenced time frames.2) 
However it has several disadvantages: (1) structures 
can only be enhanced and visualized under a micro-
scope; (2) the detection and interpretation of the flow 
delay depend on the surgeon; (3) according to earlier 
reports, it prevents ischemia due to branch occlusion in 
only 94% of cases; and (4) the blood flow confirmed on 
ICG-VA can be compromised after the release of brain 
retraction.2)10)11)25) 

The usefulness of SEPs and MEPs in aneurysm surgery 
is well known.2) MEPs are more effective in detecting 
vascular insufficiency in the anterior circulation and 
deep structures than SEPs,2)22) and SEPs are thus gener-
ally used as the supplementary tool for MEPs. However, 
MEPs also have several limitations. First, they may result 
in patient movement, which can interfere with micro-
surgeries. Furthermore, the surgeon should consider 
the false-negative IONM results during the surgery. In 
the current study, we identified four false-negative cases 
with postoperative infarctions related to AChA territory 
after aneurysm clipping.

False-negative IONM and ICG-VA results 
Previous studies have shown false-negative IONM 

results during microsurgical clipping.2)5)15)22)24)36) Szelenyi 
et al. reported that the rate of false-negativity during 
clipping was about 7%,36) and Irie et al. reported a 
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false-negative rate of about 5.4%.15) Compared to these 
previous studies, our sample included only unruptured 
AChA aneurysms and had a lower rate of false-neg-
ativity (1.2%). Fig. 1 shows images of a patient with 
false-negative IONM and ICG-VA results in our sample. 
There are several possible explanations for these results. 
First, high-intensity stimuli of up to 1500 V may bypass 
a cortical or subcortical lesion and stimulate the motor 
tract distal to the lesion.22)29) However, the stimulation 
intensity was kept below 300 V in our study. Second, a 
lesion that is not located in the corticospinal tract can 
result in postoperative motor deficits without intra-
operative IONM changes. Suzuki et al. reported that 
infarctions in the premotor area may lead to motor 
deficits without significant EP changes.34) However, the 
false-negative cases in our study showed postoperative 
infarctions in AChA vascular territory, as confirmed on 
DW-MRI. Other possible mechanisms include delayed 
perfusion due to hypotension, cerebral edema, and 
lacunar infarctions after the monitoring is terminated.7) 

Four false-negative cases of postoperative infarctions 
related to AChA territory exhibited patent AChA flow 
on intraoperative ICG-VA. The reliability of ICG-VA 
could be adversely affected by brain shifting after the 
release of brain retraction, due to changes in the posi-
tional relationship between the clip and the adjacent 
vessels. This can cause trauma to the adjacent vessels, 
resulting in thrombosis and vessel occlusion.9) Moreover, 
atherosclerosis near the aneurysm may result in post-
operative ischemic complications after clipping.3)23)35) 
Atherosclerotic changes in the parent artery may cause 
the clip to rotate and thus result in kinking of the adja-
cent vessels or slipping; even when distal flow patency 
is confirmed by intraoperative ICG-VA, this can lead 
to blood flow compromise when the brain retraction is 
released.24) Additionally, atheromatous plaque ruptures 
or emboli from the atherosclerotic parent artery can 
cause lacunar infarctions during repeated clipping of the 
parent artery.23)24)

Limitations of this study
Since our study has a single-center retrospective 

design, there might have been a selection bias. Second, 
there was a discrepancy in the number of patients as well 
as the study period between the two groups. Third, as 
endovascular treatment has developed rapidly over the 
course of the study period, the indications of aneurysm 
clipping might have differed between the two groups. 
Fourth, the development of microscopes and MVDS 
might have affected the surgical outcomes of the two 
groups. Therefore, multicenter prospective studies are 
needed to avoid selection biases in the evaluation of the 
effectiveness of intraoperative monitoring tools during 
microsurgical clipping of AChA aneurysms.

CONCLUSIONS

Postoperative infarctions related to AChA territory 
after aneurysm clipping result in severe neurologic 
deficits including hemiplegia, hemisensory loss, and 
homonymous hemianopsia. Thus, preserving the 
patency of the AChA is essential to minimize postop-
erative complications. Intraoperative monitoring tools 
including MVDS, ICG-VA, and IONM contribute 
greatly to lowering the complication rate. However, their 
pitfalls and false-negative rates should always be consid-
ered. 

Disclosure
The authors report no conflict of interest concerning 

the materials or methods used in this study or the findings 
specified in this paper. 

REFERENCES

  1.	André A, Boch AL, Di Maria F, Nouet A, Sourour N, Clé-
menceau S, et al. Complication risk factors in anterior choroidal 
artery aneurysm treatment. Clin Neuroradiol. 2018 Sep;28(3): 
345-56.

  2.	Bacigaluppi S, Fontanella M, Manninen P, Ducati A, Tredici 
G, Gentili F. Monitoring techniques for prevention of proce-
dure-related ischemic damage in aneurysm surgery. World 
Neurosurg. 2012 Sep-Oct;78(3-4):276-88.



Efficacy of IONM and ICG-VA

158  www.the-jcen.org

  3.	Bhatia S, Sekula RF, Quigley MR, Williams R, Ku A. Role of 
calcification in the outcomes of treated, unruptured, intrace-
rebral aneurysms. Acta Neurochir (Wien). 2011 Apr;153(4): 
905-11.

  4.	Bohnstedt BN, Kemp WJ 3rd, Li Y, Payner TD, Horner TG, 
Leipzig TJ, et al. Surgical treatment of 127 anterior choroidal 
artery aneurysms: a cohort study of resultant ischemic com-
plications. Neurosurgery. 2013 Dec;73(6):933-9; discussion 
939-40.

  5.	Byoun HS, Oh CW, Kwon OK, Lee SU, Ban SP, Kim SH, et al. 
Intraoperative neuromonitoring during microsurgical clip-
ping for unruptured anterior choroidal artery aneurysm. Clin 
Neurol Neurosurg. 2019 Nov;186:105503.

  6.	Caplan JM, Sankey E, Yang W, Radvany MG, Colby GP, Coon 
AL, et al. Impact of indocyanine green videoangiography on 
rate of clip adjustments following intraoperative angiography. 
Neurosurgery. 2014 Oct;75(4):437-44.

  7.	Choi HH, Ha EJ, Cho WS, Kang HS, Kim JE. Effectiveness 
and limitations of intraoperative monitoring with combined 
motor and somatosensory evoked potentials during surgical 
clipping of unruptured intracranial aneurysms. World Neu-
rosurg. 2017 Dec;108:738-47.

  8.	Chung J, Park W, Hong SH, Park JC, Ahn JS, Kwun BD, et al. 
Intraoperative use of transcranial motor/sensory evoked po-
tential monitoring in the clipping of intracranial aneurysms: 
evaluation of false-positive and false-negative cases. J Neuro-
surg. 2018 Mar;130(3):936-48.

  9.	Cui H, Wang Y, Yin Y, Wan J, Fei Z, Gao W, et al. Role of 
intraoperative microvascular Doppler in the microsurgical 
management of intracranial aneurysms. J Clin Ultrasound. 
2011 Jan;39(1):27-31.

10.	Dashti R, Laakso A, Niemelä M, Porras M, Hernesniemi J. 
Microscope-integrated near-infrared indocyanine green vid-
eoangiography during surgery of intracranial aneurysms: the 
Helsinki experience. Surg Neurol. 2009 May;71(5):543-50; 
discussion 550.

11.	de Oliveira JG, Beck J, Seifert V, Teixeira MJ, Raabe A. As-
sessment of flow in perforating arteries during intracranial 
aneurysm surgery using intraoperative near-infrared indocy-
anine green videoangiography. Neurosurgery. 2008 Jun;62(6 
Suppl 3):1300-10.

12.	Dengler J, Cabraja M, Faust K, Picht T, Kombos T, Vajkoczy P. 
Intraoperative neurophysiological monitoring of extracranial- 
intracranial bypass procedures. J Neurosurg. 2013 Jul;119(1): 
207-14.

13.	Horiuchi K, Suzuki K, Sasaki T, Matsumoto M, Sakuma J, 
Konno Y, et al. Intraoperative monitoring of blood flow insuf-
ficiency during surgery of middle cerebral artery aneurysms. 

J Neurosurg. 2005 Aug;103(2):275-83.

14.	 Ichikawa T, Suzuki K, Sasaki T, Matsumoto M, Sakuma J, 
Oinuma M, et al. Utility and the limit of motor evoked po-
tential monitoring for preventing complications in surgery 
for cerebral arteriovenous malformation. Neurosurgery. 2010 
Sep;67(3 Suppl Operative):ons222-8; discussion ons228.

15.	 Irie T, Yoshitani K, Ohnishi Y, Shinzawa M, Miura N, Kusaka 
Y, et al. The efficacy of motor-evoked potentials on cerebral 
aneurysm surgery and new-onset postoperative motor defi-
cits. J Neurosurg Anesthesiol. 2010 Jul;22(3):247-51.

16.	Kim BM, Kim DI, Shin YS, Chung EC, Kim DJ, Suh SH, et al. 
Clinical outcome and ischemic complication after treatment 
of anterior choroidal artery aneurysm: comparison between 
surgical clipping and endovascular coiling. AJNR Am J Neu-
roradiol. 2008 Feb;29(2):286-90.

17.	Kim SH, Jin SJ, Karm MH, Moon YJ, Jeong HW, Kim JW, et 
al. Comparison of false-negative/positive results of intraop-
erative evoked potential monitoring between no and partial 
neuromuscular blockade in patients receiving propofol/
remifentanil-based anesthesia during cerebral aneurysm clip-
ping surgery: a retrospective analysis of 685 patients. Medi-
cine (Baltimore). 2016 Aug;95(34):e4725.

18.	Lee YS, Park J. Anterior choroidal artery aneurysm surgery: 
ischemic complications and clinical outcomes revisited. J Ko-
rean Neurosurg Soc. 2013 Aug;54(2):86-92.

19.	Marinković S, Gibo H, Brigante L, Nikodijević I, Petrović P. 
The surgical anatomy of the perforating branches of the anterior 
choroidal artery. Surg Neurol. 1999 Jul;52(1):30-6.

20.	Meguro T, Kuwahara K, Tomita Y, Okuma Y, Tanabe T, Mu-
raoka K, et al. Ischemic complications of anterior choroidal 
artery aneurysm treatment. No Shinkei Geka. 2014 Oct; 
42(10):917-23.

21.	Motoyama Y, Kawaguchi M, Yamada S, Nakagawa I, 
Nishimura F, Hironaka Y, et al. Evaluation of combined use of 
transcranial and direct cortical motor evoked potential mon-
itoring during unruptured aneurysm surgery. Neurol Med 
Chir (Tokyo). 2011;51(1):15-22.

22.	Neuloh G, Schramm J. Monitoring of motor evoked poten-
tials compared with somatosensory evoked potentials and 
microvascular Doppler ultrasonography in cerebral aneu-
rysm surgery. J Neurosurg. 2004 Mar;100(3):389-99.

23.	Ohno K, Arai T, Isotani E, Nariai T, Hirakawa K. Ischaemic 
complication following obliteration of unruptured cerebral 
aneurysms with atherosclerotic or calcified neck. Acta Neu-
rochir (Wien). 1999;141(7):699-705; discussion 705-6.

24.	Park W, Ahn JS, Lee SH, Park JC, Kwun BD. Results of re- 
exploration because of compromised distal blood flow after 



Chanbo Eun et al.

159  

Journal of Cerebrovascular and  
Endovascular Neurosurgery

Volume 25 · Number 2   |   June 2023

clipping unruptured intracranial aneurysms. Acta Neurochir 
(Wien). 2015 Jun;157(6):1015-24; discussion 1024.

25.	Raabe A, Nakaji P, Beck J, Kim LJ, Hsu FP, Kamerman JD, et 
al. Prospective evaluation of surgical microscope-integrated 
intraoperative near-infrared indocyanine green videoangi-
ography during aneurysm surgery. J Neurosurg. 2005 Dec; 
103(6):982-9.

26.	Rhoton AL Jr, Fujii K, Fradd B. Microsurgical anatomy of the 
anterior choroidal artery. Surg Neurol. 1979 Aug;12(2):171-87.

27.	Rhoton AL Jr. The supratentorial arteries. Neurosurgery. 2002 
Oct;51(4 Suppl):S53-120.

28.	Roessler K, Krawagna M, Dörfler A, Buchfelder M, Ganslandt 
O. Essentials in intraoperative indocyanine green videoan-
giography assessment for intracranial aneurysm surgery: 
conclusions from 295 consecutively clipped aneurysms and 
review of the literature. Neurosurg Focus. 2014 Feb;36(2):e7.

29.	Rothwell J, Burke D, Hicks R, Stephen J, Woodforth I, Craw-
ford M. Transcranial electrical stimulation of the motor 
cortex in man: further evidence for the site of activation. J 
Physiol. 1994 Nov;481(Pt 1):243-50.

30.	Saeki N, Rhoton AL Jr. Microsurgical anatomy of the upper 
basilar artery and the posterior circle of Willis. J Neurosurg. 
1977 May;46(5):563-78.

31.	Shibata Y, Fujita S, Kawaguchi T, Hosoda K, Komatsu H, 
Tamaki N. Use of microvascular Doppler sonography in an-
eurysm surgery on the anterior choroidal artery. Neurol Med 
Chir (Tokyo). 2000 Jan;40(1):30-5; discussion 35-7.

32.	Suzuki H, Fujita K, Ehara K, Tamaki N. Anterior choroidal 
artery syndrome after surgery for internal carotid artery an-
eurysms. Neurosurgery. 1992 Jul;31(1):132-5; discussion 135-6.

33.	Suzuki K, Kodama N, Sasaki T, Matsumoto M, Konno Y, 
Sakuma J, et al. Intraoperative monitoring of blood flow in-
sufficiency in the anterior choroidal artery during aneurysm 
surgery. J Neurosurg. 2003 Mar;98(3):507-14.

34.	Suzuki K, Mikami T, Sugino T, Wanibuchi M, Miyamoto S, 

Hashimoto N, et al. Discrepancy between voluntary move-
ment and motor-evoked potentials in evaluation of motor 
function during clipping of anterior circulation aneurysms. 
World Neurosurg. 2014 Dec;82(6):e739-45.

35.	Szelényi A, Beck J, Strametz R, Blasel S, Oszvald A, Raabe 
A, et al. Is the surgical repair of unruptured atherosclerotic 
aneurysms at a higher risk of intraoperative ischemia? Clin 
Neurol Neurosurg. 2011 Feb;113(2):129-35.

36.	Szelényi A, Langer D, Kothbauer K, De Camargo AB, 
Flamm ES, Deletis V. Monitoring of muscle motor evoked 
potentials during cerebral aneurysm surgery: intraoperative 
changes and postoperative outcome. J Neurosurg. 2006 Nov; 
105(5):675-81.

37.	Takebayashi S, Kamiyama H, Takizawa K, Kobayashi T, 
Saitoh N. The significance of intraoperative monitoring of 
muscle motor evoked potentials during unruptured large and 
giant cerebral aneurysm surgery. Neurol Med Chir (Tokyo). 
2014;54(3):180-8.

38.	Thirumala PD, Udesh R, Muralidharan A, Thiagarajan K, 
Crammond DJ, Chang YF, et al. Diagnostic value of somato-
sensory-evoked potential monitoring during cerebral aneu-
rysm clipping: a systematic review. World Neurosurg. 2016 
May;89:672-80.

39.	Thomas B, Guo D. The diagnostic accuracy of evoked po-
tential monitoring techniques during intracranial aneurysm 
surgery for predicting postoperative ischemic damage: a 
systematic review and meta-analysis. World Neurosurg. 2017 
Jul;103:829-40.e3.

40.	Yu J, Xu N, Zhao Y, Yu J. Clinical importance of the anterior 
choroidal artery: a review of the literature. Int J Med Sci. 2018 
Feb;15(4):368-75.

41.	Yue Q, Zhu W, Gu Y, Xu B, Lang L, Song J, et al. Motor 
evoked potential monitoring during surgery of middle 
cerebral artery aneurysms: a cohort study. World Neurosurg. 
2014 Dec;82(6):1091-9.


