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Abstract

Postoperative ischemic complication results in neurological sequelae and longer hospitalization after unruptured middle cerebral artery
(MCA) aneurysm clipping surgery. We evaluated the radiological and patient-related factors associated with ischemic complications
after unruptured MCA aneurysm clipping surgery. Patient demographics, radiological findings, and intraoperative factors were
compared between patients with and without postoperative ischemic complications. The clinical courses and outcomes of postoperative
ischemic complications were compared according to the types of ischemic complication. Forty-two out of 2227 patients (1.9%)
developed postoperative ischemic complications after MCA aneurysm clipping. Multivariate analysis revealed that diabetes mellitus
(DM) was a patient-related factor. Intraarterial (IA) calcification of the distal internal carotid artery (ICA), preoperative M1 stenosis, and
M1 aneurysm were radiological factors that increased the risk of postoperative ischemic complications. DM was significantly asso-
ciated with divisional branch territory infarction (P = 0.04). The time to first presentation of ischemic complication was significantly
longer in divisional branch territory infarction than perforator territory infarction (67.8 =75.9 h vs. 22 +20.7, P = 0.023). Twelve out of
42 patients with ischemic complications (28.6%) had unfavorable outcome (mRS > 3). Perforator territory infarction was significantly
associated with an unfavorable outcome (mRS > 3, P = 0.019). IA calcification of the distal ICA, M1 stenosis and aneurysms, and DM
were significantly associated with postoperative ischemic complications after unruptured MCA aneurysm clipping. Patients with DM
should be closely monitored postoperatively to detect delayed occurrence of divisional branch infarction. Trial registration number:
2019-1002, Date of registration: January 1, 2005, “retrospectively registered”
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Introduction which is lower than endovascular treatment studies [4—7].

Postoperative ischemic complications from aneurysm clip-
Endovascular treatment is applied widely to treat middle ce-  ping surgery remain a major concern because they can cause
rebral artery (MCA) aneurysms [1-3]; however, clipping re-  disabilities and lead to higher health care costs, even when
mains the preferred treatments because of surgical accessibil-  patients reach a favorable functional outcome after long-term

ity to MCA aneurysms, long-term durability, and favorable  postoperative follow-up [8]. Previous studies have identified
outcomes. The occurrence of major complications is < 3%,  potential risk factors for ischemic complications after MCA
aneurysm clipping that are associated with the architecture of
aneurysms and the parent artery [4, 9]. In contrast, the clin-
ical factors and features of postoperative ischemic complica-
tions following MCA aneurysm clipping have not been thor-
oughly investigated to date.
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Materials and methods
Patient data collection and preoperative evaluation

We retrospectively reviewed all patients who underwent sur-
gical treatment for their unruptured MCA aneurysms at our
institute between January 2005 and December 2018. The pres-
ent study was approved by our institutional review board. All
patients underwent a preoperative evaluation using computed
tomography (CT) angiography and 4-vessel intraarterial digi-
tal subtraction angiography (DSA). Patient medical records
were reviewed to identify demographic information, comor-
bid conditions, and previous medical history. Information re-
garding intraoperative factors, such as bypass with the oblit-
eration of the aneurysm by parent artery trapping, intraopera-
tive rupture, and any change in intraoperative monitoring,
were gathered from the surgical records.

Preoperative radiological data included aneurysm location,
size, and morphology; presence significant stenosis of the par-
ent artery; and presence of intraarterial (IA) calcification of the
distal internal carotid artery (ICA). Aneurysm size was de-
fined as the maximal depth of the dome and classified as
follows: small, < 10 mm; large, 10-25 mm; and giant, > 25
mm. IA calcification of distal ICA was defined as distal [CA
with focal high-density of at least 90 Housefield units, which
was identified on the 1-mm section image of preoperative CT
angiograms [10, 11]. This is categorized as significant when
the filling of the vascular lumen by calcification is > 50% of
the intraluminal cross-sectional area (Fig. 1a). Significant M1
stenosis is defined as the stenosis is > 50% of the nonstenotic
portion of the proximal M1 (Fig. 1b).

Patients diagnosed with infectious aneurysms and dissect-
ing aneurysms secondary to head trauma were excluded.

Location of the MCA aneurysms

Aneurysm locations were separated into 3 categories. First,
M1 aneurysms were defined when they occurred at the main
MCA trunk (M1) between the bifurcation of internal carotid
artery and main MCA trunk bifurcation. This included aneu-
rysms arising at the origin of lenticulostriate arteries at the
origin of early cortical and both early frontal and temporal
branches [12, 13]. Second, MCA bifurcation (MCAb) aneu-
rysms were defined as occurring at the main MCA trunk (M1)
bifurcation. Third, M2 aneurysms or aneurysms distal to M2
were defined as those located distal to the main MCA bifur-
cations [12].

Surgical procedures of aneurysm clipping
We used a standard frontotemporal craniotomy for a pterional

approach to the MCA aneurysms (Fig. 2a). Before clipping,
MCA aneurysms were exposed after sylvian fissure dissection.
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The parent artery proximal to the neck of the aneurysm was
identified for proximal control (Fig. 2b and c). Temporary clip-
ping of the parent artery was used in selected cases when there
was a high risk of aneurysmal rupture during aneurysm neck
dissection, such as with large to giant aneurysms (Fig. 2¢), and
the duration of temporary clipping did not exceed 3 min. After
aneurysmal neck clipping, the flow through the parent artery was
confirmed by Doppler sonography or intraoperative indocyanine
green (ICG) angiogram under a surgical microscope (Fig. 2d and
e). Intraoperative evoked potential monitoring (IOM) was used
after 2011. Significant IOM change was defined as a decrease in
amplitude by > 50% and/or a 10% delay in latency [14, 15].

Postoperative follow-up

CT angiography with perfusion was performed immediately
after the surgery for all patients. All patients had postoperative
management at the neurosurgical intensive care unit and were
closely monitored neurologically and hemodynamically for at
least postoperative day one. Patients who showed neurologi-
cal deterioration during the postoperative period underwent
brain CT without contrast enhancement and diffusion MRI
to determine the presence of hemorrhagic or ischemic infarc-
tions. Postoperative cerebral angiography was performed in
selected patients who had complex aneurysms, any change
in intraoperative EP monitoring, or findings of parent artery
stenosis or compromise of any degree on the postoperative CT
angiography.

A postoperative ischemic complication was defined as an
acute cerebral infarction identified by diffusion-weighted im-
aging (DWI) of MRI accompanied by symptoms relevant to
the infarcted region documented in the medical record.
Postoperative ischemic complications were radiologically
classified as MCA perforator territory infarctions when DWI
revealed a restriction lesion in the lentiform nucleus, caudate
nucleus, and/or corona radiata [16] (Fig. 3a), or divisional
branch territory infarctions when diffusion restriction in the
cortical or subcortical area of the MCA territory was shown
(Fig. 3b), secondary to the compromise of the MCA at or
distal to MCAD [17].

Time to the first detection of ischemic complication was
defined as the time from the initial postoperative CT angiog-
raphy to the time of the detection of acute cerebral infarction
on diffusion MRI. This was compared between patients with
MCA perforator and divisional branch territory infarctions.

Patient functional outcomes were recorded using the mod-
ified Rankin scale (mRS). These were determined on clinical
follow-up at 6 months after discharge date.

Statistical analysis

SPSS version 22.0 (IBM, Armonk, NY, USA) was used for all
statistical analyses. Data normality was assessed using the
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Fig. 1 a Significant intraarterial
calcification is defined by a high-
density of at least 90 Housefield
units at the distal ICA on the 1-
mm-thick section image ofthe CT
angiogram, with > 50% filling of
the vascular lumen of the
intraluminal cross-sectional area.
b Significant M1 stenosis is de-
fined as > 50% stenosis of the
nonstenotic portion of the proxi-
mal M1

Kolmogorov-Smirnov test. The independent ¢ test was used to
evaluate differences between continuous variables. The chi-
square test was performed to determine differences between
categorical variables. P values < 0.05 were considered to be
statistically significant. We used a multiple-logistic-regression
model with significant variables from the univariate analyses
to find independent predictors of postoperative ischemic com-
plications. Significant variables from the univariate analysis
were entered into a backward stepwise logistic-regression
model to identify variables independently associated with is-
chemic complication. Odds ratios (OR) with 95% confidence
intervals (ClIs) are reported. The goodness of fit of the
multiple-logistic regression model was tested using the
Hosmer-Lemeshow test.

Results

Patient characteristics

From January 2005 to December 2018, 2227 patients (1585
females and 642 males) underwent surgical treatment for 2274
unruptured MCA aneurysms. The mean age was 58.31 £ 8.9
years (range, 20—83). The most common location of the MCA
aneurysm was MCAD (86.8%), followed by M1 (12.9%) and
M2 or distal MCA (2%). The most aneurysms were classified
as small, with the largest depth < 10 mm (small 2186/2274
[96.1%], large 82/2274 [3.61%], giant 6/2274 [2.64%]). There
were 9 (0.4%) recurrent cases with a history of treatment by
either surgical clipping or endovascular coiling. Parent artery
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Fig. 2 a A standard
frontotemporal craniotomy was
performed for a pterional
approach to the MCA aneurysm.
b The Sylvian fissure was
dissected preserving the Sylvian
veins. ¢ Temporary clipping was
performed at the M1 proximal to
the aneurysm. d and e Flow of the
parent artery was confirmed using
intraoperative Doppler
sonography and ICG angiogram
after permanent clipping of the
aneurysm. Abbreviations: FL,
Frontal lobe; TL, Temporal lobe;
An, Aneurysm; ICG, Indocyanin
green

trapping with MCA to superficial temporal artery (STA) by-
pass was performed in 19 patients for 6 cases of small aneu-
rysms, 10 cases of large aneurysms, and 3 cases of giant
aneurysms.

Factors associated with ischemic complications

Ischemic complications occurred in 42 out of 2227 patients
(1.9%) during the postoperative follow-up period. The occur-
rence of ischemic complications was significantly higher in
patients with DM (13/189 patients [6.9%] vs. 42/2227 patients
[1.9%], P < 0.001). None of the 23 patients with chronic
kidney disease (CKD) including autosomal polycystic kidney
disease (ADPKD) had postoperative ischemic complications.
History of previous ischemic stroke had no significant associ-
ation (P = 0.15). IA calcification of the distal ICA and M1
stenosis were significantly associated with postoperative is-
chemic complications (P < 0.001 and P =0.001, respectively).
In addition, IOM change during clipping surgery was signif-
icantly associated with ischemic complications (P < 0.001),
and the proportion of patients without ischemic complication
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was significantly higher when intraoperative ICG was used (P
= 0.04) (Table 1).

Multivariate analysis identified DM, significant IA calcifi-
cation and M1 stenosis on preoperative angiogram, M1 aneu-
rysms, and IOM change as significant risk factors for postop-
erative ischemic complications (Table 2).

Type of ischemic complications

Twenty-five and 17 cases showed infarction of the perforator
artery territory and divisional branch territory infarctions, re-
spectively. The proportion of DM patients was higher in the
divisional branch territory infarction group than in the perfo-
rator territory infarction group (47.4% vs. 17.4%, P = 0.04;
Table 3). The time to first detection of the postoperative is-
chemic complications by diffusion MRI was significantly lon-
ger in the divisional branch territory infarction group when
compared with the perforator territory infarction (P = 0.023).
The proportions of preoperative M1 stenosis and M1 aneu-
rysm were higher in patients who exhibited perforator territory
infarction when compared with the patients with MCA
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Fig. 3 Postoperative ischemic complications were identified on diffusion
weighted magnetic resonance images. a MCA Perforator territory
infarctions involving the lentiform neucleus which was recovered with
favorable outcome. b and ¢ MCA perforator territory infarction involving
the posterior tip of the lentiform nucleus (arrow) and corona radiata (ar-
row heads) which caused side weakness and unfavorable outcome

divisional branch territory infarction (17.4% vs. 5.3% and
43.5% vs. 26.3%, respectively); however, this did not reach
significance. IOM change was detected in 4 patients with
postoperative MCA perforator territory infarctions. No pa-
tients with MCA divisional branch infarction had IOM chang-
es during clipping surgery (Table 3).

Table 4 summarizes the presenting symptoms of is-
chemic complications, areas of infarction, and treatment
for the ischemic complication. Four out of 42 patients
with postoperative ischemic complications had clip re-
position on the same day of the MCA aneurysm clip-
ping, 1 started dual antiplatelet therapy on postoperative
day 4, and 37 patients had conservative treatment, in-
cluding hydration. Three patients were readmitted due to
ischemic symptoms in MCA territories, which were con-
firmed as MCA divisional branch infarction. There were
significantly more patients with postoperative 6 month
mRS > 3 in the MCA perforator territory infarction
group when compared with the MCA divisional branch
territory infarction group (10 [43.5%] vs. 2 [10.5%], P
= 0.019; Tables 3 and 4).

(patient No. 13, Table 4). d Divisional branch territory infarctions, such
as cortical or subcortical infarctions of the MCA territory secondary to the
compromise of the MCA at or distal to M2. e Divisional branch territory
infarction secondary to the compromise of the inferior trunk of M2 which
resulted in side weakness and aphasia (patient No. 25, Table 4)

Discussion

Radiological and patient-related factors for postop-
erative ischemic complications

The definitions of ischemic complication vary and reported
complications range from 0.8 to 3.1% after surgical treatment
for unruptured MCA aneurysms [4, 5, 14, 18]. In the present
study, 1.9% of patients experienced symptomatic postopera-
tive ischemic complications after the surgical clipping of
unruptured MCA aneurysms, which is consistent with recent
studies [4, 5, 14].

Preoperative radiological factors, including M1 aneurysm
and significant M1 stenosis, were significantly associated with
the postoperative ischemic complications in all patients in the
present study. Yeon et al. [9] have reported a higher risk of
perforator injury in patients with proximal MCA aneurysms
located close to the ICA bifurcation. In line with this, the
present study found a higher risk of ischemic complications
in patients with M1 aneurysms than in other MCA locations.
Patients with M1 aneurysms may have a higher chance of
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Table 1 Clinical demographics and radiological findings of 2227 patients surgically treated for unruptured MCA aneurysms with or without
postoperative ischemic complications

Total Patients without Ischemic Patients with Ischemic P value

complication complication

2227 2185 (98.1%) 42 (1.9%)

Age (£ SD, years) 58 + 9 (range, 20-83) 58.04 +8.95 58.05 +11.29 >0.9
median 58 (IQR, 52, 65)
Sex F/M (female %) 1585/642 (71.2) 1556/629 (71.2) 29/13 (69) 0.76
Hypertension 1029 (46.2) 1005 (46) 24 (57.1) 0.15
DM 189 (8.5) 176 (8.1) 13 31) <0.001
Chronic kidney disease 23 (1) 23 (1.1) 0 (0) N/A
ADPKD/DM nephropathy 13/2
History of ischemic stroke 71 (3.2) 68 (3.1) 3(7.1) 0.15
IA calcification of distal ICA 495 (22.2) 473 (21.6) 22 (52.4) <0.001
Preoperative M1 stenosis (> 50%) 41 (1.8) 36 (1.6) 5(11.9) 0.001
Aneurysm locations
M1 288 (12.9) 273 (12.5) 15 (35.7) < 0.001
MCA bifurcation 1932 (86.8) 1905 (87.2) 27 (64.3) <0.001
M2 or above M2 44 (2) 42 (1.9) 2 (4.8) 0.2
Maximal aneurysm dome size (mm)  4.83 +3.12 4.81+£3.1 5.66 + 3.66 0.08
(range, 2-35 mm)
Fusiform aneurysm 4(0.18) 3(0.14) 1(24) 0.12
Parent artery trapping + bypass 19 (0.85) 17 (0.8) 2(4.8) 0.05
Intraoperative rupture 390 (17.5) 387 (17.7) 3(7.1) 0.07
IOM change 6(0.27) 2(0.1) 4(9.5) <0.001
Use of intraoperative ICG 1699 (76.3) 1673 (76.6) 26 (63.4) 0.04
angiography

mRS > 3 at postoperative 6 month 17 (0.8) 5(0.2) 12 (28.6) < 0.001

Values represent numbers of patients (%)

DM, diabetes mellitus; ADPKD, autosomal dominant polycystic kidney disease; /A, intraarterial; MCA, middle cerebral artery; /OM, intraoperative

monitoring; /CG, indocyanine green; mRS, modified Rankin scale

lenticulostriate artery injury because most of the
lenticulostriate arteries arise from the M1 segment [9, 19].
We sought to evaluate the association with postoperative is-
chemic complications after MCA aneurysm clipping by fo-
cusing on patient-related factors. The proportion of patients
with coexisting DM and unruptured MCA aneurysms in the
present study was 8.5% (189/2227). This was within the range
of 6.3-14.2%, which has been reported from the previous
studies [4, 20—-22]. Furthermore, higher rates of postoperative
morbidity and major complications in patients with DM have
been reported after the surgical treatment of unruptured intra-
cranial aneurysms [20, 21]. Michalak et al. [23] have shown
higher postoperative complication rates in patients with insu-
lin dependent DM when compared with noninsulin dependent
DM in all cerebrovascular surgeries. The present study iden-
tified DM as an independent risk factor for postoperative is-
chemic complications. Interestingly, no significant risk of
postoperative ischemic complications in patients with DM
was found in recent two studies by Byoun et al. [14] and
Chung et al. [4], which included 411 and 416 patients, respec-
tively. However, a comparison between these findings and the
results of the present study is limited by the different number
of DM patients included in each dataset.

@ Springer

Twenty-three patients (1%) had chronic kidney disease at
the diagnosis of unruptured MCA aneurysms in the present
study and 13 (0.6%) out of 2227 patients were diagnosed with
ADPKD. The incidence of coexisting ADPKD was lower in
the present study comparing to the previous cohort study by
Nurmonen et al. [24] which reported 1.7% of ADPKD among
patients with MCA aneurysms [24]. We assume that relatively
more patients with ADPKD were referred to the
neurointerventionists considering the multiplicity of intracra-
nial aneurysms.

Unlike the higher rate of CKD associated stroke event re-
ported by Chillon et al. [25], none of the patients with CKD
had neither postoperative ischemic nor hemorrhagic compli-
cations. However, we could not elucidate the association of
CKD with postoperative ischemic complication due to the
limited number of patients. Instead, we assume that there
might have been more concern in intraoperative procedures
and postoperative management.

Previous stroke occurrence was not associated with post-
operative ischemic complications in this study, which is in
contrast to Byoun et al. [14], which identified a history of
stroke as an independent risk factor for ischemic complica-
tions after MCA aneurysm clipping. Our findings may be
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Table 2 Multivariate logistic . ]

regression analysis for Multivariate analysis

independent variables associated ]

with ischemic complications Odds Ratio 95% CI P value
DM 3.81 1.73-8.37 0.001
IA Calcification of distal ICA 295 1.43-6.11 0.004
Preoperative M1 stenosis (= 50%) 5.18 1.64-16.31 0.005
M1 aneurysm 4.78 2.28-10.04 < 0.001
IOM change 60.59 8.19-448.02 <0.001
Use of intraoperative ICG angiography 0.5 0.26-0.93 0.04

*Hosmer-Lemeshow goodness-of-fit test for the model shows P = 0.72 with a maximum inflation of 5.34

DM, diabetes mellitus; /A, intraarterial; /OM, intraoperative monitoring; /CG, indocyanine green

attributed to the additional preventive measures that patients
with a history of ischemic stroke received, including antiplate-
let medication and more aggressive DM and hypertension
control. For example, all patients with a history of ischemic
stroke had been prescribed at least one type of antiplatelet
medication.

IA calcification of the ICA has been suggested as signifi-
cant risk for the occurrence of ischemic stroke [26-28].
Correspondingly, significant IA calcification of the distal
ICA was an independent risk factor for postoperative ischemic
complication in the present study. This suggests that IA calci-
fication of the distal ICA and DM may reflect an association
between the burden of atherosclerosis and the occurrence of
ischemic complication after aneurysm clipping surgery.

Types of postoperative ischemic complications and
follow-up

There was a significantly higher association between MCA
divisional branch territory infarction and DM when compared
with perforator territory infarction (47.4% vs. 17.4%, P =
0.04; Table 3). Furthermore, the proportion of M1 stenosis
and aneurysm was higher in the MCA perforator territory
infarction group than the MCA divisional branch territory
infarction group; however, this did not reach significance.
Therefore, MCA perforator infarction after MCA aneurysm
clipping may be more associated with preoperative radiolog-
ical factors, such as the architecture of MCA aneurysms and
the parent artery.

Table 3  Comparison between patients who developed postoperative ischemic complications with MCA perforator or divisional branch territory infarctions
Ischemic complications P value
(N=42)
MCA Perforator territory MCA Divisional branch territory
infarction (n = 23) infarction (n = 19)
DM (%) 4(17.4) 9 (474) 0.04
IA calcification of distal ICA 10 (43.5) 12 (63.2) 0.19
Preoperative M1 stenosis (= 50%) 4(17.4) 1(5.3) 0.23
M1 aneurysm 10 (43.5) 5(26.3) 0.25
IOM change 4(17.4) 0 (0) 0.06
Use of intraoperative ICG angiography 14 (60.9) 12 (63.2) 0.6
Average time to first detection (SD, range), hours 22 (20.7, 1-62) 67.8 (75.9, 2.5-240) 0.023
Treatment of ischemic complications
Conservative 20 17
Clip reposition 3 1
Dual antiplatelet - 1
mRS >3 at postoperative 6 month 10 (43.5) 2 (10.5) 0.019

Values represent numbers of patients (%)

DM, diabetes mellitus; /A, intraarterial; MCA, middle cerebral artery; /OM, intraoperative monitoring; /CG, indocyanine green; mRS, modified Rankin scale
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Table 4 Summary of cases with ischemic complications after MCA aneurysm clipping

Patient Age (y)/Sex, DM Aneurysm location, Initial symptoms of Territory of ischemic Treatment for ischemic mRS at 6
No. or nonDM size (mm) ischemic complication complication complication months
1 51/F, nonDM MCADb, 9.5 mm Side weakness Basal ganglia, Conservative 0
2 68/F, nonDM M1, 2.5 mm Side weakness Basal ganglia, corona radiata ~ Conservative 3
3 47/M, DM MCADb, 2 mm Side weakness Basal ganglia, internal capsule Conservative 3
4 58/F, nonDM M1, 2.2 mm; MCAb  Side weakness Basal ganglia Clip reposition 0
2.8 mm
5 52/F, nonDM MCADb, 5.4 mm Side weakness Basal ganglia Conservative 0
6 61/M, nonDM MCAD, 4 mm Side weakness Basal ganglia Conservative 0
7 64/F, nonDM MCADb, 9 mm Side weakness Basal ganglia Conservative 0
8 65/F, nonDM M1, 11 mm Side weakness Basal ganglia Conservative 0
9 61/M, nonDM M1, 4 mm Side weakness Basal ganglia, corona radiata ~ Conservative 3
10 55/F, nonDM MCAD, 2 mm Side weakness Basal ganglia Conservative 0
11 20/M, nonDM M2, 12 mm fusiform Side weakness Basal ganglia Conservative 0
12 64/F, DM M1, 5.2 mm Side weakness Basal ganglia Conservative 0
13 67/M, nonDM M1, 3.2 mm Side weakness, drowsiness Basal ganglia, corona radiata ~ Conservative 3
14 62/F, nonDM M1, 7.5 mm Side weakness, drowsiness Basal ganglia Clip reposition 0
15 58/F, nonDM MCAD, 2.8 mm Side weakness Basal ganglia Conservative 0
16 52/F, nonDM MCADb, 5 mm Side weakness Basal ganglia, corona radiata ~ Conservative 3
17 59/F, nonDM MCAD, 3 mm Side weakness Basal ganglia, corona radiata ~ Conservative 3
18 37/F, nonDM M1, 20 mm Side weakness Basal ganglia, corona radiata ~ Conservative 3
19 64/F, nonDM M2, 4.2 mm Side weakness Basal ganglia Conservative 0
20 75/F, nonDM MCAD, 13.2 mm Side weakness Basal ganglia, corona radiata ~ Conservative 3
21 49/M, DM MCAD, 4.6 mm Side weakness Basal ganglia, interanal Clip reposition 3
capsule, corona radiata
22 67/F, nonDM MCADb, 2 mm Side weakness Basal ganglia, corona radiata ~ Conservative 3
23 63/M, DM M1, 4.1 mm Side weakness Basal ganglia Conservative 0
24 33/M, nonDM MCAD, 9.1 mm Side weakness, Aphasia Temporal lobe, insular cortex  Clip reposition 0
25 62/M, DM MCAD, 5 mm Side weakness, aphasia Frontal and temporal lobe, Conservative 3
insular cortex
26 60/F, nonDM M1, 3.6 mm Drowsiness Frontal lobe (central Conservative 0
semiovale)
27 67/M, DM MCAD, 2.6 mm Aphasia Frontal lobe Conservative 0
28 51/F, nonDM MCAD, 6.2 mm Side weakness, aphasia Frontal lobe Dual antiplatelet 0
29 54/F, DM MCAD, 3 mm Side weakness, aphasia Frontal lobe, Insular cortex Conservative 0
30 72/F, nonDM M1, 7.1 mm Side weakness Frontal lobe (central Conservative 0
semiovale)
31 76/F, nonDM M1, 4.2 mm Drowsiness Temporal lobe Conservative 0
32 56/F, nonDM MI1, 11.4 mm Side weakness, aphasia Frontal lobe Conservative 0
33 61/F, nonDM MCAD, 4 mm Aphasia Temporal lobe Conservative 0
34 59/F, DM MCAD, 3 mm Side weakness Frontal lobe Conservative 0
35 60/F, DM MCAD, 6.9 mm Side weakness Frontal lobe Conservative 0
36 68/F, DM M1, 4 mm Side weakness Frontal lobe Conservative 3
37 58/M, DM MCAD, 6.3 mm Aphasia Temporal lobe Conservative 0
38 46/F, nonDM MCAD, 5 mm Side weakness Frontal lobe Conservative 0
39 44/F, nonDM MCAD, 6.5 mm Side weakness, aphasia Frontal lobe Conservative 0
40 51/M, nonDM MCAD, 3.5 mm Side weakness Frontal lobe Conservative 0
41 63/M, DM MCADb, 4.1 mm Side weakness Frontal lobe Conservative 0
42 78/F, DM MCAD, 3.4 mm Aphasia Frontal lobe Conservative 0

DM, diabetes mellitus; MCAb, middle cerebral artery bifurcation; M/, M1 segment of middle cerebral artery; M2, M2 segment of middle cerebral artery;

mRS, modified Rankin scale

Four cases of IOM change during MCA aneurysm
clipping were associated with perforator territory infarc-
tions. In contrast, no cases with divisional branch terri-
tory infarctions exhibited IOM change. This suggests
that IOM change is indicative of the occurrence of post-
operative MCA perforator territory infarction. However,
divisional branch territory infarction is not predictable
with IOM change.

@ Springer

The time to first detection of ischemic symptoms was sig-
nificantly longer in MCA divisional branch territory infarction
than perforator territory infarction. Unfavorable outcome
(mRS > 3) was significantly more common in patients with
MCA perforator territory infarction than in MCA divisional
branch territory infarction (10/23, 43.5% vs. 2/19, 10.5%, P =
0.019) in the present study. Although the extent of infarction
is small, MCA perforator territory infarction may result in
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unfavorable outcome as shown in Fig. 3b and ¢ when involving
the upper part of the posterior limb of the internal capsule [29].
Delayed occurrence and more favorable outcome in patients with
MCA divisional branch territory infarction can be explained by
vascular flow from leptomeningeal collaterals [30-32]. In con-
trast, compromise of MCA perforators such as lenticulostriate
artery injury could be more associated with the postoperative
ischemic complication of early onset because of the relatively
lower collateral flow when compared with compromised divi-
sional branches after M1 bifurcation [9, 33].

Therefore, the occurrence of perforator territory infarction
should be carefully monitored postoperatively in the patients
with M1 stenosis or M1 aneurysm particularly when IOM
change was shown during clipping MCA aneurysms. Also,
careful attention should be paid on the surgical procedure such
as M1 manipulation for proximal control or M1 temporary
clipping for those high risk patients.

On the other hands, we highlight the requirement to remain in
contact with patients with DM longer during perioperative
follow-up than those without DM considering higher association
of DM with MCA divisional branch territory infarction in the
present study.

Favorable outcomes (mRS < 2) were achieved by conserva-
tive management in 27 out of 37 patients without clip reposition
or antiplatelet treatments. However, we cannot conclude that
there is a benefit of clip reposition after the detection of postop-
erative ischemic complications to prevent further deterioration in
the present study due to the limited number of reported cases.

Future perspectives

Higher postoperative complication rates among the patients
with DM is concerning for other surgeries; therefore, clinical
recommendations for perioperative glycemic control have
been suggested [34-36]. However, no recommendations have
suggested regarding preoperative long-term control of DM to
reduce risk of postoperative ischemic complications in cere-
brovascular surgery. Our findings are confined to unruptured
MCA aneurysms and elective clipping surgeries; however, the
presence of DM should be applied to future study when eval-
uating ischemic complications after unruptured aneurysm
clipping surgeries of other intracranial arteries [22, 37].
Moreover, optimal levels of long-term glycemic control using
hemoglobin Alc before surgical treatment should be investi-
gated in unruptured intracranial aneurysm surgery in future
research to reduce ischemic complications and improve clin-
ical outcomes.

Study limitations
In the present study, besides the patients’ underlying diseases

such as DM, ischemic heart disease or the history of stroke,
smoking history as a patient related factor was not investigated

due to the insufficient data. Also, we only included patients
with unruptured MCA aneurysms because ischemic compli-
cations in the MCA are better correlated with the relevant
symptoms than the territories of other intracranial vessels.
Furthermore, postoperative ischemic complications can be de-
tected more easily. Future studies should use the patient-
related risk factors that have been identified in this study as
well as the history of CKD and smoking to evaluate other
ischemic complications in unruptured aneurysm clipping sur-
geries from other intracranial arteries.

The present study included a large number of patients with
unruptured MCA aneurysms that were treated by surgical
clipping; however, the subgroup analysis of patients with
DM may be less reliable due to the limited number of patients
who developed ischemic complications (13 out of 189).
Further investigations should include a prospective analysis
of the treatment outcome of patients with DM and intracranial
aneurysms after strict preoperative DM control.

Conclusion

We found that TA calcification of the distal ICA, M1 stenosis,
M1 aneurysms, and DM were risk factors for postoperative is-
chemic complications after unruptured MCA aneurysm clipping.
Patients with MCA perforator territory infarction showed more
unfavorable outcome compared to those with MCA divisional
branch territory infarction. DM was significantly associated with
divisional branch territory infarction and time to first presentation
of ischemic complication was longer in the case of divisional
branch territory infarction than in perforator territory infarction.
Therefore, patients with DM should be monitored closely to
assess for the delayed occurrence of divisional branch infarction
after clipping surgery for unruptured MCA aneurysms.
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