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Abstract
Background: Treatments on middle cerebral arterial occlusions (MCAO) remain controversial. This study
aims at investigating e�cacies of surgical revascularizations in young and middle-aged patients (aged
18-65 y) with symptomatic MCAO, and making comparisons between surgical procedures.

Methods: From a seven-year prospective consecutive registry, 115 cases were enrolled in this study.
Patient individually received medical therapy alone (medical group, n=64) and medical therapy plus direct
or indirect revascularization (surgical group, n=51). The secondary ischemic events (SIE) was de�ned as
the primary outcome. SIE incidences and SIE-free survival rates were compared between groups. Risk
factors were analyzed using the Cox regression analysis.

Results: During a follow-up of 42.7 months on average, SIE occurred in 11cases of medical group and 10
cases of surgical group. SIE incidences were indifferent between groups (surgical:medical = 19.6%:17%,
P=0.810, 95%CI 0.455-3.034). SIE incidences were 29.4% and 0% in direct revascularization subgroup and
indirect revascularization subgroup, respectively. Indirect revascularization induced a higher SIE-free
survival rate than direct revascularization (Log-rank P=0.015) and medical therapy (Log-rank P=0.044).
An age>43y, with concomitant intracerebral arterial stenosis, and hyperlipidaemia history were correlated
to the occurrence of SIE, while presences of compensatory arteries and taking antihypertensive drugs
reduced risks of SIE.

Conclusions: Indirect revascularization plus medical therapy was suggested to be more effective on SIE
prevention than both medical treatments alone and direct revascularization plus medical therapy in
young and middle aged patients with symptomatic MCAO. Direct revascularization was not
recommended, for its similar e�cacy to medical therapy alone.

Background
Middle cerebral arterial occlusion (MCAO) induces ischemic stroke with an annual risk up to 12.5%.(1, 2)
For preventing the secondary ischemic events (SIEs), conventional medical treatments and surgical
revascularizations have been applied with controversies on their e�cacies. Even though case series have
shown promising results of surgical revascularization for symptoms MCAO, (3-6) however,  its bene�ts
could not be proven by randomized clinical studies.(7-11) Aging-related factors are suspected to be
responsible for the indifferent clinical outcome of surgical revascularizations, which would be less effects
on MCAO patients younger than 65y. The purpose of this study is to investigate the e�cacy of surgical
revascularizations on preventing SIE in young and middle-aged (aged 18-65y) symptomatic MCAO
patients, and making comparisons between surgical procedures.

Methods
Study design
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A single center prospective consecutive registry was reviewed. The registry included all patients
diagnosed with symptomatic MCAO from January 2012 to December 2018 in Beijing Tiantan Hospital.
Patients aged 18-65y were enrolled. Medical records, neuro-image, and results of the long-term follow-up
were extracted for intergroup analyses. The study was approved by IRB of Beijing Tiantan Hospital.
Written informed consents were obtained from all participants or their next-of-kin.

Patient and public involvement

Patients or members of the public did not participant in the design, or conduct, or reporting, or
dissemination plans of the research.

Study participants

Patients enrolled in the registry cohort between Jan 2012 and Dec 2017 were further screened with
inclusion and exclusion criteria. The inclusion criteria included: 1) aged 18-65y, 2) with MCAO diagnosed
by computed tomographic angiography (CTA) or digital subtraction angiography (DSA), 3) with MCAO-
induced ischemic symptoms or abnormal cerebral perfusions, and 4) received either surgical
revascularization plus medical therapy or medical treatment alone. The ischemic symptom included
transit ischemic attack (TIA) and ischemia-related neurological dysfunctions. The exclusion criteria
included: 1) received endovascular treatment, 2) moyamoya disease or moyamoya syndrome was not
excluded, or 3  with any history of arteritis, immune system diseases, or leptospira infection. Surgical
revascularizations are recommended if the patients met any of these indications: 1) symptomatic MCAO,
2) with abnormal cerebral perfusion result, or 3) with aggravating symptoms which was uncontrollable
with medical treatments alone. Preferences of patients were considered when making therapeutic
decisions. The patients who refused operation would continue the treatment of medication. According to
treatments performed, patients were divided into medical group and surgical group. In medical group,
patients received medical therapy alone, including clopidogrel 75mg, aspirin 100mg and atorvastatin
20mg every day. In surgical group, patients took aspirin 100mg + atorvastatin 20mg every day (except the
operation day), and received either STA-MCA anastomosis (direct revascularization) or modi�ed
encephalo-duro-arterio-synangiosis (mEDAS, indirect revascularization). Conditions of STA and MCA,
such as caliber and wall structure, determined the type of procedure. Indirect revascularization was
performed when any of following conditions exists: 1) with insu�cient caliber for anastomosis, 2) with
abnormal vascular wall structure, 3) with compensatory collateral formation in operating �eld. To ensure
the quality of direct revascularization, participating neurosurgeons must have performed ≥50
anastomotic procedures in the latest 12 months.

Following information was extracted from the database. 1) Demographic information, including age,
gender, race, and provenance. 2) Admission conditions, including primary symptoms, physical
examinations and neurological function evaluations. Evaluations were conducted by neurological
physicians using modi�ed Rankin Scale (mRS). Neuroimaging results were independently reviewed by
two sophisticated radiologists. 3) inhospital treatments, including medication and surgery. 4) Discharge
conditions, including clinical outcomes, post-operative complications, physical examination and
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neurological function evaluations. Each lesion was documented as a single record for the patients with
bilateral MCAOs.

Follow-up

Follow-up were conducted via two methods: 1) telephone follow-up: patients were contacted in every six
months by full-time health visitors for self-assessments of mRS, and 2) outpatient follow-up: patients
visited outpatient department for neurological and neuroimaging examinations, and neurological
functional assessments via mRS in every six months. The outcomes were recorded in detail.

Outcome evaluation

The occurrence of SIE was the primary outcome event, de�ned as an aggravating recurrence or a new
onset of both transient ischemic attack (TIA) and ischemic stroke, as well as a fatal �nal stroke, induced
by ipsilateral MCAO. The secondary outcome event was set to be the SIE-free survival time, de�ned as the
duration from receiving treatment to the occurrence of SIE or the end of follow-up; and

Statistical methods

All statistical analyses were performed using IBM® SPSS® Statistics (Version 22, IBM, NY, United
States). The baselines of the two groups were compared using Student’s t-tests and rank-sum tests.
Pearson chi-square tests (or Fisher exact tests) were performed to compare the clinical outcomes
between groups and subgroups. Kaplan-Meier estimates were performed to investigate differences in
survival time. Receiver operating characteristic (ROC) analyses were used to obtain cutoff ages of
different treatments. Cox regressions were performed to investigate correlated factors of SIE-free survival.

Results
124 patients were identi�ed aged 18-65 y. Nine patients were excluded for being treated with
endovascular treatment, and 9 patients (7.8%) were lost to follow-up in our study. Among 106 patients
remained, nine patients were diagnosed with bilateral MCAOs. A total of 115 MCAOs (represented as
Cases below) were involved (Fig. 1).

The 115 cases (male: female=76:39) enrolled were at a mean age of 47.5±9.9 y (ranged 26-65 y). Sixty-
four cases (male: female=41:23) were involved in medical group, with a mean age of 50.31±9.77 y. Fifty-
one cases (male: female= 35:16) were involved in surgical group, with a mean age of 43.86±8.96 y (Table
1). In the surgical group, 34 cases received direct revascularizations, and 17 cases received indirect
revascularizations.
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Table1. Baseline Demographic of 115 Cases

Characteristic Medical Group

(n=64)*

Surgical Group

(n=51)*

P value

Age, mean(SD), y.o. 50.31 (9.77) 43.86 (8.96) 0.001

Median (range), y.o. 51.5 (26-65) 45 (26-59)  

Gender, male/female 41/23 35/16 0.506

Initial symptom      

Stroke 35 (54.7) 36 (70.6) 0.060

TIA 22 (34.4) 13 (25.5) 0.205

Incident 7 (10.9) 2 (3.9) 0.149

Hypertension 44 (68.8) 33 (64.7) 0.595

Hyperlipidemia 30 (46.9) 9 (17.6) 0.001

Diabetes mellitus 21 (32.8) 14 (27.5) 0.432

Coronary artery disease 3 (4.7) 0 0.119

Unrelated cerebral infarction 15 (23.4) 1 (2) 0.001

Smoking history      

Current 16 (25) 8 (15.7) 0.161

Former 15 (23.4) 4 (7.8) 0.021

Never 33 (51.6) 39 (76.5) 0.005

Drinking history      

Never 39 (60.9) 43 (84.3) 0.005

Mild 14 (21.9) 3 (5.9) 0.014

Medium 8 (12.5) 2 (3.9) 0.097

Severe 3 (4.7) 3 (5.9) 0.547

Blood pressure, mean(SD), mmHg      

Systolic 135.28 (16.08) 128.55 (14.21) 0.024

Diastolic 83.41 (11.73) 80.47 (8.93) 0.377

BMI, mean (SD)† 26.2 (4.3) 25.4 (3.3) 0.186

    Median (range)† 26.0 (19.1-41.8) 24.9 (20.6-34.3)  
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Overweight (24-27.4 BMI)† 22 (34.4) 26 (51.0) 0.048

Obese (≥27.5 BMI)† 21 (32.8) 7 (13.7) 0.034

NIHSS score, mean (SD)‡ 1.05 (2.00) 1.80 (2.00) 0.230

Range‡ 0-13 0-8  

mRS score, mean(SD)§ 0.69 (0.77) 1.80 (1.06) 0.000

mRS score≥2§ 5 (7.8) 25 (49) 0.000

Compensatory collateral arteryII      

IntracranialII 51 (79.7) 33 (64.7) 0.055

ExtracranialII 7 (10.9) 2 (3.9) 0.073

Concomitant cerebral arterial stenosisII 31 (48.4) 28 (54.9) 0.350

IpsilateralII 14 (21.9) 7 (13.7) 0.595

Abnormal CTP result 45 (70.3) 49 (96.1) 0.000

Related cerebral infarction¶ 48 (75) 37 (72.5) 0.465

Prehospital routine medication      

Aspirin 48 (75) 28 (54.9) 0.020

Clopidogrel 33 (51.6) 3 (5.9) 0.000

Antihypertension 26 (40.6) 19 (37.3) 0.431

Lipid-lowering 51 (79.7) 18 (35.3) 0.000

Antidiabetes 10 (15.6) 6 (11.8) 0.376

Abbreviations: TIA, Transient ischemic attack; BMI, body mass index; NIHSS, National Institutes of
Health Stroke Scale; mRS, modi�ed Rankin’s Scale; CTP, computed tomography perfusion.

* Data are reported as No.(%) unless otherwise indicated.

† BMI was calculated as weight in kilograms divided by height in meters squared. The threshold
values of overweight and obese refer to National Standards published by National Health
Commission of the People’s Republic of China.

‡ NIHSS score is based on a 42-point scale (0 indicates normal, and 42 indicates coma or death).

§ mRS score is based on a 7-point scale (0 indicates normal, ≥2 is de�ned as neural function de�cit, 6
indicates death).
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II Compensatory collateral artery is based on the images of digital subtraction angiography (DSA) or
computed tomographic angiography (CTA).

¶ Related cerebral infarction is based on the results of computed tomography and magnetic
resonance image.

 

During a mean follow-up of 42.7 months (ranged 2-80 months), the incidence of SIE was 17.2% (n=11) in
medical group, and 19.6% (n=10) in surgical group (Table 2). The incidences of fatal stroke were 1.6% (1
out of 64) and 3.9% (2 out of 51) in the medical and surgical group, respectively. SIE incidences were
similar between groups (in total, OR=1.175, 95% CI 0.455~3.034; in SIE subtypes, P=0.365). In Kaplan-
Meier estimates, there was no difference revealed between groups (Log Rank, P=0.358 and Breslow,
P=0.230, Fig. 2a).

Table 2. Outcomes by Intergroup Analyses*

    Medical Group (n=64) Surgical Group (n=51) P Value

Primary outcome        

  SIEs total 11 10 0.810

  Fatal stroke† 1 2 0.584

Secondary outcomes        

  Types of SIEs‡ 11 10 0.365

  Aggressive recurrence 7 9 0.420

  New onset† 4 1 0.392

  SIEs-free survival time§

(months

24.91±22.86 43.50±25.98 0.097

Abbreviation: SIEs, secondary ischemic events.

* P values were computed using Spears Chi-square test unless otherwise indicated.

† P values were computed using Fisher’s exact test

‡ Using 2´3 Chi-square tests

§ P value was computed using Independent-sample t test
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Further subgroup analyses were performed in surgical group, between direct revascularization (DR)
subgroup (n=34) and indirect revascularization (IR) subgroup (n=17). The baseline information of
subgroups was different in age (DR group vs IR group = 41.91±9.44 y vs 47.76±6.54 y, t-test, P=0.026)
and hyperlipidaemia history (DR vs IR=26.5% vs 0%, Fisher’s exact test, P=0.017). The incidences of SIE
were 29.4% and 0% in DR subgroup and IR subgroup, respectively (OR=0.706, 95% CI 0.568~0.877).
Cases in IR subgroup had a higher cumulative SIE-free survival rate than those in DR subgroup (Log-rank
P=0.015, Breslow P=0.043, Fig. 2b). Compared with medical group, IR subgroup resulted in a lower
incidence of SIE (17.2% vs 0%, P=0.061, 95% CI 0.741~0.926) and a higher SIE-free survival rate (Log-
rank P=0.044, Fig. 2c). Between medical group and DR subgroup, no signi�cant difference was observed
in either SIE incidence (17.2% vs 29.4%, P=0.160, 95%CI 0.919~1.497) or SIE-free survival rate (Log-rank
P=0.097, Breslow P=0.065, Fig. 2d).

ROC analyses revealed that cutoff ages were 48 y and 43 y in surgical group and medical group,
respectively, which indicated a higher SIE incidence in the older cases. Among the cases aged 43 y -48 y,
SIE incidences were indifferent between groups surgical groups vs medical group =1/14 vs 4/11, Fisher’s
exact test, P=0.096 . However, surgical revascularizations induced a higher SIE-free accumulative survival
rate (Log Rank P=0.067, Breslow P=0.033). Further intersubgroup comparisons were conducted. The
cutoff age of DR subgroup was identi�ed to be 48 y, too. SIE incidences were 1/6 and 4/11 in DR
subgroup and medical group, respectively, without signi�cant difference (DR subgroup vs medical
group=1/6 vs 4/11, Fisher’s exact test, P=0.395, 95%CI). The SIE-free survival rates of DR subgroup and
medical group were without signi�cant difference, neither (Log Rank P=0.379, Breslow P=0.230).

Factors that affected patients’ SIE-free survival were obtained in Cox regressions. The age 43 y
(HR=7.841, 95%CI 1.346-45.693), concomitant intracerebral arterial stenosis (HR=5.358, 95%CI 1.523-
18.858), and the history of hyperlipidaemia (HR=5.194, 95%CI 1.394-19.358) were revealed to be risk
factors of SIE-free survival. Meanwhile, taking antihypertensive drugs (HR=0.137, 95%CI 0.038-0.489) and
the existence of extracranial compensatory arteries (HR=0.216, 95%CI 0.068-0.688) were revealed to
contributors to survival.

Discussion
To our knowledge, this is the �rst study focusing on comparing e�cacies of surgical revascularizations
plus medical therapy versus medical treatments alone in young and middle aged patients with
symptomatic MCAO. In our study, SIE occurred in 17.6% of patients received conventional medical
treatment and 19.2% of patients received surgical revascularization plus medical therapy. The SIE
incidences induced by medical and surgical treatments are in the ranges of 18.6-45% and 8.3-30.9%,
respectively, which are reported in published studies. (1, 5, 6, 8, 9, 12). In this study, the upper age
boundary of inclusion criteria was lowered to 65y to investigate the e�cacy of surgical revascularization
in younger patients. It resulted in a younger mean age of participants than those in published studies.
However, it failed to validate the superiority of surgical revascularizations in treating symptomatic MCAO
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patients aged 18-65 y. Underlying causes were analyzed via further interpretations of our data and
inspections of published studies.

 Although overall e�cacies on SIE prevention were indifferent between groups in our study, a signi�cant
superiority was observed in indirect revascularization subgroup. The performing of indirect
revascularization plus medical therapy resulted in a remarkably lower SIE incidence than both of direct
revascularization subgroup and medical group. Indirect revascularizations is being complained about its
incapability of improving distal hemodynamics immediately,(7, 13) so that it is commonly performed on
the patients with poor intracranial and extracranial arterial condition who are unsuitable for STA-MCA
anastomosis. In our experience, signi�cant improvements of territorial perfusion have been observed in a
lot of patients after mEDAS (a case example is presented in Fig.3). On one hand, indirect
revascularizations gradually improves the territorial perfusion via the angiogenesis of pial arteries,
instead of changing hemodynamics critically via anastomosis.(14, 15) On the other hand, the already
formed compensatory arteries could be preserved in procedure, that improves the functional
prognosis(16-18). The e�cacy of indirect revascularization on treating MCAO needs investigating.

Direct revascularization has been proved to be effective on recovering the hemodynamics and preventing
ischemic stroke. (19) However, only Japanese EC/IC Trial (JET) and JET-2 declare that direct
revascularization results in more bene�ts than medical treatments on SIE prevention. (5, 6)
Hemodynamic factors were emphasized in those studies, such as the threshold of cerebral vasodilatory
reserve, cerebrovascular reactivity, cerebral blood �ow, and oxygen extraction fraction.(4, 6, 12, 20) With
strict hemodynamic criteria, direct revascularization could help preventing SIE.(21) In contrast, SIE
occurred in 29.4% of patients receiving direct revascularization in our study. It is a higher incidence than
that from Low et al. and JET-2, which is 13% and 8.3%, respectively. (6, 12) Lacking of preoperative
hemodynamic evaluation might be a main cause of the worse outcome. Hemodynamic indications of
direct revascularization need to be explored.(11) Meanwhile, pathological characteristics of MCAO should
be noticed as well. Latency occlusion of anastomotic window could not be avoided, though there are
intraoperative indocyanine green angiograms and postoperative computed tomographic angiography
performed. It is urged to develop indications with hemodynamic criteria and postoperative paradigms for
long-term management to improve the outcome of direct revascularization.

Age-related effects should be considered when making the therapeutic decision of MCAO. The difference
of medical and surgical treatment in their cutoff ages were revealed in our study, which developed into a
5-year interval (surgical vs medical=48y vs 43y). The e�cacy on SIE prevention decreased earlier in
medical group than surgical group. It was con�rmed by the higher SIE-free survival rate of patients aged
43-48y in surgical group. In the comparisons between DR subgroup and medical group, differences in SIE
incidence and Kaplan-Meier estimate were observed. Although they were insigni�cant due to the small
sample size of each group, it suggested additional bene�ts of direct revascularization might exist in a
certain age interval. In the Cox regression, an age older than 43y was identi�ed to be a risk factor for
patients’s SIE-free survival. It could be regarded as another evidence for the age-related effect on treating
MCAO. Adaptable age phases of different treatments need to be further explored with larger sample size.
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Concomitant intracerebral arterial stenosis and hyperlipidaemia history were revealed to be related to
incidents of SIE, which meet the results of published study.(22) Meanwhile, the protective factors
deserved further discussions. Antihypertensive drugs have been reported to be effective on preventing
SIE.(23) Among different classes, Tully et al.(24) reported that angiotensin receptor blocker (ARB) and
beta-blocker were associated with ischemic stroke. Oppositely, Tziomalos et al.(25) reported that ARB
was more effective on SIE preventing than any other classes. The class of antihypertensive drugs
remains unclear. The existence of extracranial collateral compensatory arteries has been reported to play
an unanimous bene�cial role on preventing SIE.(18) It is proposed that the spontaneous formation of
collateral arteries is not guaranteed, while indirect revascularization could help expediting the process.
Further studies are needed.

Limitations exist in our study. 115 cases met the requirement of intergroup comparison, however, the
sample size of each surgical subgroup was insu�cient. Bene�ts of indirect revascularization were
initially observed in our study, but it still need to be validated in further studies with larger sample size.
Meanwhile, results might be limited since it is a single center registry. It is urgent to launch a multicenter
randomized controlled trial for strong evidences.

 

Conclusions
Indirect revascularization plus medical therapy was suggested to be more effective on SIE prevention
than medical treatments alone or direct revascularization plus medical therapy in young and middle aged
patients with symptomatic MCAO. Direct revascularization was not recommended, for its similar e�cacy
to medical therapy alone.
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Figure 1

Schematic Illustration of the Study Protocol
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Figure 2

Kaplan-Meier estimates of Different Therapies and Procedures (a) The survival rate showed no difference
between surgical group and medical group. (b) Indirect revascularization subgroup showed a signi�cantly
higher survival rate than direct revascularization subgroup. (c) Indirect revascularization was superior to
medical treatments for its higher SIE-free survival rate. (d) Survival rates were indifferent between medical
treatments and direct revascularization. Abbreviation: Revasc. Revascularization
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Figure 3

Improvement on Cerebral Perfusion after mEDAS A female MCAO patient aged 56y, with a chief complain
about weakness on left extremities. The preoperative CTP (a) revealed signi�cant prolongations of MTT
and TTP, and reductions of CBF on bilateral frontoparietal lobes, which was worse on the right.
Extracranial compensatory collateral artery was not found in preoperative DSA (b). The patient received
an inpatient follow-up in 7 months after mEDAS. CTP revealed a signi�cant prolonged TTP on bilateral
fontroparietal lobes but with recovered MTT and CBF (c). DSA revealed the presence of compensatory
collateral arteries proliferating from STA to ischemic territories (d). Abbreviations: MCAO, middle cerebral
arterial occlusion; CTP, computed tomographic perfusion; MTT, mean transit time; TTP, time to peak; CBF,
cerebral blood �ow; DSA, digital subtraction angiography; mEDAS, modi�ed encephalo-duro-arterio-
synangiosis; STA, super�cial temporal artery.


