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Background: Intracranial arterial stenosis (ICAS) is an important cause of ischemic
stroke worldwide due to its higher risk of recurrence with medical therapy.
Although some large randomized studies failed to show the superiority of surgical
treatment compared with medical therapy, the results of medical therapy are not
sufficient. There are patients who still benefit from surgical treatment. This retro-
spective analysis aimed to evaluate the long-term efficacy of surgical therapy with
percutaneous transluminal angioplasty and/or stenting (PTA/PTAS) or extracra-
nial-intracranial (EC/IC) bypass surgery for patients with ICAS. Methods: Between
October 2005 and December 2016, 55 ICAS patients were treated with PTA/PTAS
or EC-IC bypass surgery. Their electronic medical records were retrospectively
reviewed and analyzed. The primary outcome was all adverse events beyond
30 days after a revascularization procedure. Results: We performed 21 cases (35%)
of PTA, 4 cases (7%) of PTAS, and 34 cases (58%) of EC-IC bypass surgery and the
median follow-up duration was 66 months (range 1-144 months). The occurrence
rate of the primary outcome was 10.2% and only 1 patient (1.8%) experienced ipsi-
lateral disabling ischemic stroke beyond 30 days. The long-term functional indepen-
dent survival rate was 83.6%. Conclusions: We demonstrated a long-term favorable
outcome of combined surgical intervention for ICAS patients with PTA/PTAS and
EC-IC bypass surgery, and the result was better than previously reported outcomes
of medical therapy. Additional multicenter studies are required to draw firm con-
clusions on the efficacy of reduction of recurrent stroke in patients with ICAS.
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Introduction

Intracranial arterial stenosis (ICAS) is one of the most
important causes of ischemic stroke worldwide, especially
in Asia. It has a high risk of recurrent infarction with med-
ical therapy compared with other stroke subtypes.'™
Because of the risk of recurrence, randomized studies
have been conducted to show the superiority of surgical
treatment with bypass or endovascular treatment using
stenting, but the aim has never been achieved. The Extra-
cranial/Intracranial (EC/IC) Bypass Study demonstrated
that outcomes of patients undergoing surgical revasculari-
zation therapy were worse than of those receiving medical
’cherapy.5 In 2 large trials, the stenting and aggressive
medical management for preventing recurrent stroke in
intracranial stenosis (SAMMPRIS) trial and the Vitesse
Stent Ischemic Therapy trial, the investigators could not
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prove the superiority of percutaneous transluminal angio-
plasty and stenting (PTAS) for preventing stroke.”” These
unfavorable results in the surgical treatment of ICAS led
to negative comments in guidelines developed by the
American Heart Association and the American Stroke
Association, which do not recommend EC/IC bypass nor
stenting for initial treatment of symptomatic major intra-
cranial artery stenosis.'”

The aforementioned results in surgical treatments were
primarily due to perioperative complications. Compared
with the EC/IC Bypass Study,5 the Japanese EC-IC
Bypass Trial (JET) study, conducted with rigorous patient
selection including objective hemodynamic assessment,
demonstrated the superiority of surgical treatment
because it had a low periprocedural complication rate.""
Endovascular treatment of submaximal angioplasty alone
or stenting with devices other than Wingspan stent may
be considered as a treatment option, which could demon-
strate the advantages of a surgical approach with limited
complica’cions.1’6’7’9'12’14 Additionally, identifying high-
risk medical therapy subgroups that are likely to benefit
from such potential treatment is an important issue.””'*'?
However, long-term outcomes remain unclear in patients
who underwent EC-IC bypass surgery with low perioper-
ative complication or intervention with other techniques
under appropriate application.

We have performed endovascular treatment and super-
ficial temporal artery-middle cerebral artery (STA-MCA)
bypass for mainly symptomatic ICAS patients who are
affected by hypoperfusion for more than 10 years. This
retrospective analysis evaluates the long-term efficacy of
surgical therapy for patients with ICAS.

Patients and Methods
Patients and Study Setting

This study was implemented at a single institution. In
total, 59 surgical treatments, endovascular therapy, or
STA-MCA bypass surgery were performed on 55 patients
between October 2005 and December 2016. Patients with
at least 1 month of clinical follow-up were included; those
who needed emergency treatment were excluded.
Patients with a lesion that was not attributable to athero-
sclerosis, such as moyamoya disease, were also omitted.
The electronic medical records of each patient were retro-
spectively reviewed to collect information, including base-
line characteristics, performed intervention, and technical
and clinical outcomes. The research protocol was
approved by the Japanese Red Cross Nagoya Daini Hos-
pital institutional ethics committee and written informed
consent was waived because of the retrospective design.

Surgical treatment was performed for patients with
severe intracranial stenosis (70%-90%), except for 1 patient
with retreatment with moderate stenosis of 65%, involv-
ing the internal carotid, middle cerebral, basilar, or intra-
cranial dominant vertebral arteries, who had previously
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received medications. Most patients were symptomatic
and presented with a transient ischemic attack (TIA) or
stroke attributable to the territory of the target lesion.
Asymptomatic patients, especially those with clinically
significant hypoperfusion or progressing severe stenosis,
were carefully considered as candidates for surgical inter-
vention.

Treatment Strategies

Percutaneous angioplasty (PTA) was performed on
patients with the following conditions; initiating sufficient
and appropriate medical therapy consisting of antiplatelet
drugs, statins, and risk factor control, accessible to the
lesion with low risk, short lesion (<10 mm) without
severe vascular calcification, and not involving any perfo-
rating arteries. Local anesthesia was used for PTA and the
strategy was submaximal balloon angioplasty. We addi-
tionally used coronary balloon expandable stents in cases
of deficient dilatation, lesion recoil, and dissections. In
patients whose ischemic mechanisms were hemodynamic
but they did not meet these criteria, STA-MCA bypass
was offered. In symptomatic cases, we waited for about
2-4 weeks from onset to surgical procedure in order to
pass the phase of unstable cerebral perfusion with medical
therapy, except in patients whose neurological symptoms
were worsening rapidly.

Follow-up and Outcome Measures

Patients underwent postprocedure clinical evaluation
measured as modified Rankin Scale (mRS) score on the
day of discharge and at the latest follow-up; they also had
regular inspection with magnetic resonance imaging and,
if necessary, computed tomography angiography or con-
ventional angiography. Patients were evaluated by physi-
cians in the outpatient department.

The primary outcome was all adverse events including
any stroke, death, or other procedure-related complications
beyond the periprocedural period, defined as 30 days after
a revascularization procedure. The secondary outcome was
the incidence of any stroke, other neurological complica-
tions, or all-cause death occurring within 30 days.

Results

During the study period, we performed 21 cases (35%)
of PTA, 4 cases (7%) of PTAS, and 34 cases (58%) of STA-
MCA bypass for 55 patients. Three patients had multiple
procedures; 2 of them needed retreatment due to resteno-
sis and another one underwent STA-MCA bypass for
symptomatic stenosis and was then treated with staged
PTAS strategy for a contralateral asymptomatic tandem
lesion. Baseline characteristics are summarized in Table 1.
Among these patients, the mean age was 63.6 years (range
39-80 years) and most were male (70.9%). The median
duration of follow-up in all patients was 66 months (range
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Table 1. Baseline characteristics of patients

Baseline characteristics N =159 (cases)/55

(patients), No. (%)

Age, years £+ SD* 63.6+9
Male* 39 (70.9)
Procedure
PTA 21 (35)
PTAS 4(7)
STA-MCA anastomosis 34 (58)
Risk factors
Hypertension 41 (69)
Hyperlipidemia 37 (63)
Diabetes 19 (32)
Smoking (Current and former) 29 (49)
Coronary artery disease 11 (19)
Previous stroke/TTA 19 (32)
Presentation
Ischemic stroke 36 (61)
TIA 10 (17)
Asymptomatic 13 (22)

Abbreviations: PTA, percutaneous transluminal angioplasty;
PTAS, percutaneous transluminal angioplastystenting; SD, stan-
dard deviation; STA-MCA, superficial temporal artery-middle
cerebral artery; TIA, transient ischemic attack.

*Population parameter is number of patients.

1-144 months). Concomitants of vascular risk factor were
detected in many patients, including hypertension (69%),
hyperlipidemia (63%), diabetes (32%), smoking (49%),
coronary artery disease (19%), and previous stroke or TIA
(32%). Initial clinical presentation was ischemic stroke in
most patients (61%) and 13 patients (22%) were asymp-
tomatic. Location and severity of stenosis are shown in
Table 2. Middle cerebral artery (MCA) was the most fre-
quent lesion, followed by internal cerebral artery (ICA)
stenosis. The mean preprocedural stenosis rate was 83.2%
(range 65%-95%).

The primary outcome occurred in 6 patients (10.2%); 1
patient underwent PTA/PTAS and the others had STA-
MCA bypass (Table 3). One patient in the STA-MCA
bypass group, who used anticoagulant drug for atrial
fibrillation, died at 60 months after the revascularization
therapy due to intracranial hemorrhage, 2 had ischemic
stroke, 1 had chronic subdural hematoma, 1 needed

treatment for wound infection, and another one in PTA/
PTAS group died because of pleural empyema. Ipsilateral
disabling ischemic stroke in the vascular distribution of
the treated artery beyond 30 days occurred in 1 patient
(1.8%), and no stroke event was detected during the fol-
low-up period, especially in PTA/PTAS patients. Only 2
patients (3.4%) met the secondary outcome at the 30-day
follow-up period; 1 had an ipsilateral disabling ischemic
stroke and another had hyperperfusion syndrome. All of
them had STA-MCA bypass and no patient who under-
went PTA or PTAS suffered major periprocedural compli-
cations. Technical success was defined as residual stenosis
of less than or equal to 50% for PTA/PTAS and as bypass
patency on magnetic resonance angiography obtained on
the day after the surgery for STA-MCA bypass. The tech-
nical success rate of PTA/PTAS was 96% and the average
postprocedural stenosis rate was 41.2% (range 25%-85%),
and that of STA-MCA bypass was 100%.

Functional outcome was measured using mRS at dis-
charge and at latest follow-up. The average score of mRS
was .87 (median 1, range 0-4) at the preprocedural point,
.95 (median 1, range 0-5) at discharge, and 1.05 (median 0,
range 0-6) at the latest follow-up. Of the 10 patients who
presented with clinical worsening on the mRS after dis-
charge, 1 patient had a brain infarction, 1 had parenchy-
mal brain hemorrhages, 1 had chronic heart failure, 1 had
pleural infection, and 4 had fractures. The long-term func-
tional independent survival (mRS > 2) rate was 87.3%,
and 89.1% of all patients could walk with no assistance
(mRS > 3; Table 4).

Discussion

The purpose of this study was to evaluate the long-term
efficacy of surgical intervention for ICAS patients. Indeed,
we demonstrated long-term effectiveness to prevent
recurrent stroke and good functional outcomes in ICAS
patients treated with PTA/PTAS or STA-MCA bypass.
None of the patients suffered ischemic stroke in PTA/
PTAS and only 2 patients (5.9%) with STA-MCA bypass
presented with recurrent infarction. The long-term rate of
all adverse events in the present study was 10.2% and
compared favorably with the 23.9% of 3-year event risk in
the PTAS group of the SAMMPRIS trial. Furthermore, the

Table 2. Lesion location and severity of intracranial arterial stenosis

Lesion location PTA/PTAS (n =25, No. [%])

STA-MCA Bypass (n =34, No. [%])

Total (n =59, No. [%])

ICA 9 (36)
MCA 6 (24)
BA 3(12)
VA 7 (28)

Severity of stenosis* 82.8% (65%-95%)

6 (18) 15 (25)
28 (82) 34 (57)
0 (0) 3(5)
0(0) 7(12)

83.5% (70%-95%) 83.2% (65%-95%)

Abbreviations: ICA, internal cerebral artery; MCA, middle cerebral artery; STA-MCA, superficial temporal artery-middle cerebral artery,

VA, vertebral artery; BA, basilar artery.
*Data are presented as mean percentage (range).
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Table 3. Results of primary and secondary outcomes and technical success

PTA/PTAS (n=25,

STA-MCA Bypass  Total (n=59, No. [%])

No. [%]) (n=34, No. [%])

All adverse events including any stroke, death, or other 14) 5(14.7) 6 (10.2)
procedure related complications beyond 30 days

Any stroke, other neurological complications, or all- 0(0) 2(5.9) 2(3.4)
cause death within 30 days

Disabling ischemic stroke in the territory of treated 0(0) 1(2.9) 1 (1.8%)
artery beyond 30days

Technical success 24 (96) 34 (100) 58 (98.3)

Postprocedural stenosis 41.20% - -

Abbreviation: STA-MCA, superficial temporal artery-middle cerebral artery.
*The percentage was calculated using the number of patients as the denominator (n = 55).

14.9% risk of any stroke or death in the medical group in
the SAMMPRIS trial was higher than that of our findings.
From the point of view of the same primary endpoints in
SAMMPRIS, the occurrence rate of endpoints in this study
was 9.1%, which was considered superior to the rate in
the medical arm of the SAMMPRIS trial.” Vitesse Stent
Ischemic Therapy, another randomized control study that
found an increased 12-month risk of added stroke or TIA
with balloon-expandable stent, reported a 9.4% incidence
rate of stroke in the medical group within 1 year, which
was higher than our stroke risk rate of 7.3% within our
6-month median follow-up period.” These comparisons
show that our surgical treatment strategy has the poten-
tial to improve outcomes of patients with ICAS.

Previous studies reported periprocedural stroke or
death rates of 0%-8.3% with angioplasty. 12,16-18 Similarly,
no complications were reported in the PTA/PTAS group
of the present study within 30 days. The failure of the
SAMMPRIS trial was primarily attributable to the higher
incidence of periprocedural stroke than was expected.®'?
A posthoc analysis of data collected in the SAMMPRIS
trial showed that the most frequent types of periproce-
dural stroke were local perforator ischemic strokes.'’ Per-
forator occlusion by the displacement of debris or plaque
shifting has been considered as the cause of periproce-
dural stroke after stenting.””*' It has been argued that the
exclusion of patients presenting with perforator syndrome
from SAMMPRIS could have averted half of the ischemic

Table 4. Modified Rankin scale

Score Total (n=55, No. [%])
Pretreatment Discharge Latest follow-up

0 27 (49.1) 26 (47.3) 34 (61.8)

1 15 (27.3) 15 (27.3) 4(7.3)

2 7(12.7) 9 (16.4) 10 (18.2)

3 50.1) 2 (3.6) 1(1.8)

4 1(1.8) 2(3.6) 1(1.8)

5 0(0) 1(1.8) 3(5.5)

6 0(0) 0(0) 2(3.6)

stroke complications.”’ Considering these results, the
favorable outcome of periprocedural complications in the
present study seems to be because of our strict patient
selection. Additionally, one of the most important strate-
gies is to ensure a sufficient waiting period before the pro-
cedure, because it is generally known that higher
complication rates are reported in acute cases with unsta-
ble symptoms."*

Surgical revascularization using STA-MCA bypass sur-
gery failed to prove efficacy for internal carotid artery
occlusive disease compared with medial therapy in the
EC/IC Bypass ‘Study.5 However, the study was criticized
because of the large number of patients who were oper-
ated on outside of the study and the lack of hemodynamic
assessment during patient selection.””** After that, 2 ran-
domized controlled trials (RCTs) were conducted to prove
the superiority of STA-MCA bypass applied for restricted
patients who showed obvious hemodynamic impairment
with objective indicators.''*” The JET study demonstrated
a significant reduction of complete stroke, death, and
recurrent ipsilateral stroke in the surgical group after
2 years of follow-up, and reported no perioperative death
or impairment complication.” On the other hand, the
carotid occlusion surgery study (COSS) study, imple-
mented in the United States and Canada, did not show a
significant result to recommend bypass surgery for
patients with internal carotid artery occlusion, mainly
because of its significant perioperative stroke rate
(15%).2>% In Japanese guidelines for the management of
stroke (2015 version), EC-IC bypass surgery has been rec-
ommended under the same criteria used in JET.>” There is
a report from the European Association of Neurological
Surgeons arguing that EC-IC bypass surgery might be
beneficial if it is performed with a perioperative stroke
rate lower than 7%-10%,% and another from the Cerebro-
vascular Section of the American Association of Neuro-
logical Surgeons and Congress of Neurological Surgeons
stating that hemodynamic symptoms intractable to medi-
cal treatment may benefit from surgery performed with
low perioperative morbidity.”® According to these results,
EC-IC bypass surgery is still considered as a potential
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option for ICAS patients. We reported 2 disabling neuro-
logical complications (5.9%) after STA-MCA bypass
including 1 perioperative ischemic stroke (2.9%), and 3
ipsilateral ischemic strokes (8.8%) that occurred during
the follow-up period after surgery. The rate of periopera-
tive complication was acceptable and the long-term result
was far better than that of COSS.” The difference of fol-
low-up duration between this study and JET could
explain why our rate of long-term ipsilateral ischemic
stroke occurrence was higher than that of JET (3.1%).""

We acknowledge that there are several limitations to
this study. First, this is a small size retrospective single
center study. Second, we compared our results with previ-
ous RCTs because of the lack of a medical control arm.
Previous RCTs performed endovascular therapy with
stents for almost all cases, but we used stents for a limited
number of cases of endovascular procedure and also per-
formed STA-MCA bypass, so we should not simply com-
pare both results. However, one of the most important
issues facing this topic is the detection of characteristics
that make patients suitable for each surgical intervention,
and in the present study, we provided some evidence to
help solve this problem. Additional prospective investiga-
tions are needed to clarify the efficacy of surgical interven-
tion for ICAS and to determine definitive criteria for
patient selection.

Conclusions

The long-term result of combined surgical intervention
for ICAS with PTA/PTAS and STA-MCA bypass was
shown in this study. Only 2 patients had neurological com-
plications in the first 30 days and 2 patients presented with
recurrent ipsilateral ischemic stroke beyond 30 days. Select-
ing an appropriate surgical strategy for each patient has the
potential to reduce recurrent stroke in patients with ICAS.
Further multicenter studies with a larger cohort are
required to draw firm conclusions for the efficacy on reduc-
tion of recurrent stroke in patients with ICAS.

Supplementary Materials

Supplementary data to this article can be found online
at doi:10.1016/j.jstrokecerebrovasdis.2018.12.039.
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