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Objectives.  – To  evaluate  the  effectiveness  of  superficial  temporal  artery-middle  cerebral  artery  (STA-
MCA)  bypass  in  improving  cerebrovascular  reserve  (CVR)  in Moyamoya  syndrome.
Patients  and  methods.  – This  prospective  study  included  10  consecutive  patients  treated  for  Moyamoya
syndrome  by  STA-MCA  bypass  in  our  institution  between  June  2016  and  January  2018.  Perfusion  MRI,
transcranial  Doppler  and  99  m  Tc-HMPAO  SPECT  with  acetazolamide  challenge  were  performed  before
and after  treatment  to  evaluate  perfusion  and  cerebrovascular  reserve.  STA-MCA  bypass  was  indicated
for patients  with  history  of  ischemic  or hemorrhagic  stroke  and  when  CVR  was  diminished  on  both
transcranial  Doppler  and 99  m Tc-HMPAO  SPECT  with  acetazolamide  challenge  or  brain  perfusion  was
deteriorated  on  MRI.
Results.  – Bypass  anastomosis  was patent  in  all patients  at end of  surgery.  One  patient  presented  partial
postoperative  sensorimotor  deficit  related  to  an ischemic  lesion  in the  frontal  cortical  area.  One  patient
presented  regressive  chronic  subdural  hematoma  without  neurological  deficit.  Three  months  after  treat-
ment,  CVR  was  significantly  improved  in 8 patients  and  unchanged  in 2, probably  related  to low  flow.

Further  follow-up  found  CVR deterioration  in  1 patient,  with  anastomosis  occlusion  at  1 year.
Conclusion.  – Our data suggest  that improvement  in  cerebral  perfusion  and  CVR  depends  on  flow  in the
STA-MCA  anastomosis  in patients  with  Moyamoya  syndrome.  Systematic  long-term  follow-up  of anas-
tomosis  flow,  brain  perfusion  and  CVR improves  quantification  of the benefit  of  STA-MCA  anastomosis
in  terms  of  disease  progression.

© 2019  Elsevier  Masson  SAS. All  rights  reserved.
. Introduction

Cerebrovascular reserve (CVR) is defined as the ability of brain
arenchyma to adjust cerebral blood flow in response to altered
etabolic demand or vasoactive stimulation. It may  be used to

dentify new or recurrent stroke risk in patients with cerebrovas-

ular disease [1]. Deterioration of CVR plays an important role in
he occurrence of stroke in patients with Moyamoya syndrome
2]. As CVR is diminished in these patients, the risk of ischemic or
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hemorrhagic stroke increases. Some authors [3,4] have reported an
annual risk of ischemic stroke close to 13% and an annual risk of
hemorrhagic stroke close to 8% in patients with Moyamoya syn-
drome when CVR is impaired. CVR and cerebral perfusion can be
evaluated by transcranial Doppler [5], 99 m Tc-HMPAO SPECT [6]
with acetazolamide challenge, MRI  [7] and CT scan [8] perfusion.
Monitoring CVR is essential for treatment decision-making and
treatment evaluation in Moyamoya syndrome [2]. The purpose of
the treatment is to improve CVR in order to reduce risk of stroke
[9]. Superficial temporal artery-middle cerebral artery (STA-MCA)

bypass is the main treatment in adult patients with Moyamoya
syndrome [10].
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The goal of this study was to evaluate the effectiveness of
TA-MCA bypass in improving CVR in patients with Moyamoya
yndrome.

. Materials and methods

This prospective study included 10 consecutive patients treated
or Moyamoya syndrome by STA-MCA bypass in our institution
etween June 2016 and January 2018. Approval was  obtained from
he local institutional review board (ref. DEC19-002). The series
omprised 5 men  and five women, with mean age at diagnosis of
4.8 years (range: 19–62 years).

.1. Preoperative evaluation

All patients were clinically evaluated at our institution prior
o treatment. Age at diagnosis, medical history, neurological sta-
us and American Society of Anesthesiology (ASA) score [11] were
ecorded. Moyamoya syndrome was diagnosed in all patients using
onventional cerebral angiography and cranial magnetic reso-
ance imaging (MRI). The STA main trunk and frontal and parietal
ranches were studied on conventional external carotid angiogram.
erfusion MRI, transcranial Doppler with acetazolamide challenge
nd 99 m Tc-HMPAO SPECT with acetazolamide challenge were
erformed before treatment to evaluate baseline perfusion and
VR.

CVR was assessed on HMPAO SPECT. After keeping the patient in
 dark and quiet area for 30 minutes, SPECT and planar images were
cquired with intravenous injection of 732 mBq  99 mTc  HMPAO.
cans were repeated within 3 to 7 days with acetazolamide chal-
enge. Acetazolamide was injected intravenously at 20 mg/kg body

eight and, 20 minutes later, the patient received 732 mBq  99 mTc
MPAO. SPECT and planar images were acquired 20 minutes after
dministration of 99 mTc  HMPAO. Images were compared with
nd without acetazolamide challenge, to obtain the differences

etween gamma-ray counts in 2 cerebral hemispheres to assess
VR, a difference of more than 6% being defined as impaired CVR.
wo of the 10 patients (20%) did not have baseline perfusion MRI,
nd CVR was evaluated by SPECT HMPAO and transcranial Doppler.

able 1
unctional outcomes.

Patient Age at diagnosis Disease Pr
sy

1 50 Atheromatous
Moyamoya

3 i
m

2  19 Unilateral
Moyamoya

He
pa

3  49 Bilateral
Moyamoya

2 l
wi
ap

4  49 Unilateral
Moyamoya

1 r
wi

5  43 Unilateral
Moyamoya

2 l
wi

6  62 Cavernous sinus
meningioma with
ICA occlusion

1 l
wi
ap

7  30 Bilateral
Moyamoya

1 r
an
he
he

8  55 Unilateral
Moyamoya

1 l
wi

9  47 Bilateral
Moyamoya

He
str

10  45 Bilateral
Moyamoya

Ri
wi
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The treatment strategy was systematically discussed and
decided upon by a multidisciplinary team including neurologists,
neurosurgeons, neuroradiologists and intensivists. The STA-MCA
bypass procedure was indicated for patients with history of
ischemic or hemorrhagic stroke and when CVR was  diminished
on both transcranial Doppler and 99 m Tc-HMPAO SPECT with
acetazolamide challenge and on perfusion MRI. However, 1 patient
without history of stroke nevertheless underwent the STA-MCA
procedure because of severely deteriorated CVR. In accordance with
the COSS study [12], the bypass procedure was never performed
within 3 months of an acute episode of stroke [13]. Antiplatelet
medication was not discontinued perioperatively.

2.2. Surgery

The course of the STA is marked on the skin by palpation
and portable continuous-wave Doppler ultrasonography. A fron-
totemporal incision is carefully made, conserving STA integrity. A
frontotemporal craniotomy is performed over the Sylvian fissure
and the dura is opened to identify suitable recipient M3–M4  corti-
cal arteries. Once a recipient artery has been identified, the STA is
dissected under an operating microscope.

Depending on STA length and diameter, the frontal, parietal
or both branches are carefully dissected, distally cut and prox-
imally clipped with a temporary aneurysm clip. The recipient
cortical artery or arteries are dissected from the overlying arach-
noid and isolated with a rubber-leaf/foil layer. The cortical artery
is temporarily clipped with a small aneurysm clip and arteri-
otomy is performed. Subsequently, end-to-side anastomosis of
the STA to the cortical artery is performed using microneuro-
surgical techniques with 10-0 interrupted nylon sutures. During
bypass anastomosis clamping time, blood pressure is raised to nor-
motensive values. STA-MCA anastomosis patency is confirmed by
intraoperative indocyanine green video-angiography.
2.3. Postoperative evaluation

Early postoperative clinical examination was performed within
the first week, with transcranial Doppler, MRI  with diffusion and

eoperative
mptoms

Preoperative
mRS score

mRS  score 3
months after
bypass

schemic strokes with
otor aphasia

2 2

adache and
resthesia, no stroke

2 2

eft ischemic strokes
th transient motor
hasia

2 2

ight ischemic stroke
thout symptoms

2 2

eft ischemic strokes
th hemiparesis

2 2

eft ischemic stroke
th transient motor
hasia

0 0

ight ischemic stroke
d 1 left brain
morrhage with
miparesis

2 2

eft ischemic stroke
th motor aphasia

1 2

adache without
oke

1 2

ght ischemic stroke
th hemiparesis

3 3
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Table 2
Cerebrovascular reserve evaluation on different examinations.

Patient Preoperative
perfusion MRI
(mean transit time)

Flow in
anastomosis on
early transcranial
Doppler
(mL/minute)

Early postoperative
perfusion MRI  (mean
transit time)

Perfusion MRI  3
months after
anastomosis (mean
transit time)

99 m Tc-HMPAO SPECT
with acetazolamide
challenge 3 months after
anastomosis (improvement
in cerebrovascular reserve)

Transcranial Doppler with
acetazolamide challenge 3
months after anastomosis
(improvement in
cerebrovascular reserve)

1 5 seconds 85 5 seconds 5 seconds + +
2  2 seconds 82 2 seconds 0 seconds + +
3  4 seconds 70 2 seconds 1 second + +
4  2 seconds 55 2 seconds - + +
5  – 45 – 3 seconds + +
6  7 seconds 35 3 seconds 3 seconds + +
7  – 120 – 0 seconds + +
8  4 seconds 45 3 seconds 3 seconds − −
9  7 seconds 19 5 seconds 4 seconds − −
10  4 seconds 48 3 seconds 2 seconds + +

Fig. 1. Patient 2, 19 years old, with a deterioration of CVR in left middle cerebral artery territory (red arrow) related to unilateral left-side Moyamoya disease. STA-MCA
a onstra
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nastomosis was performed in June 2016. CVR increased after treatment, as dem
TA-MCA anastomosis occlusion occurred one 1 year after treatment and CVR decr
017.

erfusion sequences, and CT angiography for each patient 1) to con-
rm bypass patency, 2) to measure flow in each anastomosis, 3) to
etect any ischemic lesions and 4) to assess brain perfusion.

All patients were re-evaluated 3 months after bypass surgery.
linical examination findings and modified Rankin Scale score
mRS) were recorded. MRI  screened for ischemic lesions and
ssessed brain perfusion. Transcranial Doppler assessed flow in
he anastomoses. At 3, 6 and 12 months after treatment, transcra-
ial Doppler with acetazolamide challenge, 99 m Tc-HMPAO SPECT
ith acetazolamide challenge and MRI  with perfusion sequence
ere performed to evaluate CVR and brain perfusion. In case of dis-

ordance between test results, conventional CT angiography was
erformed to assess the internal and external carotid arteries.

. Results
Mean age at diagnosis was 44.8 years (range, 19–62 years) and
ean follow-up was 24 months (range, 6–30 months). ASA score
as 1 in 2 patients, 2 in 7 and 3 in 1. Functional outcomes are
resented in Table 1.
ted on 99 m Tc-HMPAO SPECT with acetazolamide challenge in December 2016.
 as demonstrated on 99 m Tc-HMPAO SPECT with acetazolamide challenge in July

3.1. Intraoperative findings

STA-MCA bypass anastomosis was systematically feasible. In
2 patients, double STA-MCA anastomosis was  performed because
both frontal and parietal branches of STA were suitable. Mean
occlusion time per anastomosis was 55 minutes (range, 33–85 min-
utes).

Intraoperative indocyanine green video-angiography demon-
strated anastomosis patency in all patients at end of procedure.
Mean microsurgical procedure time was 5.4 hours (range, 3.1–8.7
hours).

3.2. Microsurgical morbidity

One of the 10 patients (Patient 4) showed postoperative partial
sensorimotor deficit related to an ischemic lesion in a frontal cor-
tical area. Another patient (Patient 8) presented chronic subdural
hematoma without neurological deficit.

3.3. Long-term clinical outcome
One patient (Patient 1) showed a frontoparietal cortical ischemic
lesion with hemiparesis and aphasia 1 year after left-sided STA-
MCA  anastomosis. This stroke occurred during femoral vascular
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Fig. 2. Patient 8, 55 years old, with deterioration of CVR in left middle cerebral artery territory related to unilateral left-side Moyamoya disease. STA-MCA anastomosis was
performed but persistent CVR deterioration was noted on 99 m Tc-HMPAO SPECT with acetazolamide challenge 3 months after treatment (Fig. 2A). MRI  demonstrated a
chronic  subdural hematoma, with the STA stretched and thinned (Fig. 2B) and no flow was detected in the STA-MCA anastomosis by cranial Doppler. After administration
of  corticosteroids, MRI  demonstrated regression of the chronic subdural hematoma (Fig. 2C) and transcranial Doppler revealed recanalization of the STA-MCA anastomosis.
Improvement in cerebrovascular reserve was noted on 99 m Tc-HMPAO SPECT with acetazolamide challenge (Fig. 2D).
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ypass surgery and was related to low intraoperative blood pres-
ure (70 mmHg). There was no change in mRS  score in the other
atients at 1 year (Table 1).

.4. Radiological outcome

Three months after treatment, brain perfusion and CVR
mproved significantly in 8 patients and remained unchanged in

 (Table 2). STA-MCA anastomosis occlusion occurred in 1 patient
Patient 2) at 1 year, without neurological deterioration; CVR had
mproved after the bypass procedure and decreased after anas-
omosis occlusion (Fig. 1). On perfusion MRI, transit time was 0
econds when the STA-MCA anastomosis was patent, but 4 seconds
hen occluded.
In 1 patient (Patient 8), chronic subdural hematoma occurred
fter treatment, stretching the STA-MCA bypass; however, the
ypass was not definitely occluded, as patency and improved CVR
ere recorded after regression of the hematoma (Fig. 2).
One patient (Patient 9) showed no significant improvement in
CVR after treatment; transcranial Doppler revealed only weak flow
(19 mL/min) in the anastomosis.

4. Discussion

STA-MCA anastomosis patency correlated strongly with CVR
improvement. Therefore, systematic long-term monitoring of flow
and CVR on transcranial Doppler, SPECT HMPAO and perfusion MRI
seems mandatory in patients with Moyamoya syndrome.

4.1. STA-MCA anastomosis morbidity

STA-MCA bypass is a valuable microsurgical procedure that

demonstrated efficacy in many intracranial vascular diseases such
as Moyamoya disease (MMD), aneurysm and skull base tumor [14].
STA-MCA bypass is usually described as a “low-flow” bypass, but
conversion to a “high-flow” state in the late postoperative period
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as been reported by many authors [2,15]. In our study, flow was
 50 mL/min in 6 patients by 6 months postoperatively.

STA-MCA bypass shows low morbidity [16] and patency is
pproximately 95% at end of procedure [17–19]. In his system-
tic review, Schaller [20] reported that long-term bypass patency
as excellent, with 1% failure per year following the first year

fter surgery. In his series of 264 MMD  patients, including 450
evascularization procedures, Guzman [16] reported 3.5% surgical
orbidity and 0.7% mortality per treated hemisphere. Complica-

ions were mainly related to MMD  pathophysiology, implicating
ragile vessels and hemodynamic instability [21]. Thus, risk of
ypass thrombosis is slightly higher in case of MMD.  Moreover,
MD can involve extracranial arteries, including the STA [22],
hich perhaps explains late STA-MCA anastomosis occlusion in our

eries.

.2. Prognostic value of cerebrovascular reserve evaluation

Perfusion and CVR can be evaluated by various techniques,
ncluding perfusion MRI, transcranial Doppler with acetazolamide
hallenge and 99 m Tc-HMPAO SPECT with acetazolamide chal-
enge. In our study, the results of these techniques correlated
23,24]: when transcranial Doppler showed anastomosis occlu-
ion in Patients 2 and 8, SPECT HMPAO and perfusion MRI  showed
mmediate deterioration of CVR.

In his review, Garrett [2] demonstrated that patients with severe
emodynamic failure were at higher risk of cerebral infarction
han those with mild disease, and that patients with severe fail-
re responded better to surgery. In a series of 23 patients who
nderwent STA-MCA bypass, O [25] reported that (99 m)Tc HMPAO
PECT images of the territory supplied by the bypass graft showed
ncrease in both cerebrovascular flow and reserve at baseline, and
hat the increase was significantly higher following administration
f acetazolamide. Low [10] reported that transcranial Doppler and
99 m)Tc HMPAO SPECT acetazolamide-challenge images repeated
t 4 ± 1 months showed significant improvement in CVR in the
6 patients who underwent STA-MCA bypass. Moreover, during a
ean follow-up of 34 months (range, 18–39 months), only 6 of the

6 patients (13%) developed cerebral ischemic events. In our series,
VR improved significantly in 8 patients 3 months after STA-MCA
ypass. However, Patient 9 showed no significant improvement

n CVR, probably due to weak bypass-flow as measured on tran-
cranial Doppler. In Patient 8, CVR remained diminished because
f postoperative chronic SDH, probably stretching the STA and
educing vessel lumen, with no flow seen on Doppler. A sudden
eterioration of CVR was recorded in 1 patient 9 months after
urgery, due to late bypass occlusion, without clinical signs of
troke; this late occlusion could be related to MMD  involvement of
he external carotid artery network, which includes the STA [22].

 cerebral ischemic event was noted in 1 patient with patent STA-
CA bypass 1 year after treatment, during femoral vascular bypass

urgery with low intraoperative blood pressure: i.e., iatrogenic;
VR had been satisfactory after STA-MCA bypass, but presumably

nsufficient to protect the patient against an acute episode during
 sudden drop in blood pressure (SBP 70 mmHg).

. Conclusion

STA-MCA bypass is a valid method to improve the brain per-
usion and CVR in Moyamoya syndrome. Improvement in CVR
epends on the flow and the patency of the STA-MCA anastomo-

is. Likewise, the success of the anastomosis may  be related to the
eed for bypass to supplement the low blood flow demonstrated on
VR. Our data suggest that improvement in cerebral perfusion and
VR depends on the flow in the STA-MCA anastomosis in patients

[

rgie 65 (2019) 146–151

with Moyamoya syndrome. Systematic long-term follow-up eval-
uation of anastomosis flow, brain perfusion and CVR should better
quantify the benefit of STA-MCA anastomosis in terms of disease
progression.

Ethics

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the
institutional and/or national research committee (Lille University
Hospital/Ethics committee) and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.

Funding

No funding was received for this research.

Disclosure of interest

The authors declare that they have no competing interest.

References

[1] Juttukonda MR,  Donahue MJ.  Neuroimaging of vascular reserve in patients with
cerebrovascular diseases. NeuroImage 2017.

[2] Garrett MC,  Komotar RJ, Starke RM,  Merkow MB,  Otten ML,  Sciacca RR, et al.
The efficacy of direct extracranial-intracranial bypass in the treatment of
symptomatic hemodynamic failure secondary to athero-occlusive disease: a
systematic review. Clin Neurol Neurosurg 2009;111(4):319–26.

[3] Kraemer M, Heienbrok W,  Berlit P. Moyamoya disease in Europeans. Stroke
2008;39(12):3193–200.

[4] Duan L, Bao XY, Yang WZ,  Shi WC,  Li DS, Zhang ZS, et al. Moyamoya disease in
China: its clinical features and outcomes. Stroke 2012;43(1):56–60.

[5] Douvas I, Moris D, Karaolanis G, Bakoyiannis C, Georgopoulos S. Evaluation of
cerebrovascular reserve capacity in symptomatic and asymptomatic internal
carotid stenosis with transcranial Doppler. Physiol Res 2016;65(6):917–25.

[6] Acker G, Lange C, Schatka I, Pfeifer A, Czabanka MA, Vajkoczy P, et al.
Brain perfusion imaging under acetazolamide challenge for detection of
impaired cerebrovascular reserve capacity: positive findings with (15)O-water
PET in patients with negative (99 m)Tc-HMPAO SPECT findings. J Nucl Med
2018;59(2):294–8.

[7] Kawano T, Ohmori Y, Kaku Y, Muta D, Uekawa K, Nakagawa T, et al. Prolonged
mean transit time detected by dynamic susceptibility contrast magnetic reso-
nance imaging predicts cerebrovascular reserve impairment in patients with
moyamoya disease. Cerebrovasc Dis 2016;42(1–2):131–8.

[8] Takahashi S, Tanizaki Y, Akaji K, Kimura H, Katano T, Suzuki K, et al. Identifica-
tion of hemodynamically compromised regions by means of cerebral blood
volume mapping utilizing computed tomography perfusion imaging. J Clin
Neurosci 2017;38:74–8.

[9] Qian C, Yu X, Li J, Chen J, Wang L, Chen G. The efficacy of surgical treatment
for  the secondary prevention of stroke in symptomatic moyamoya disease: a
meta-analysis. Medicine 2015;94(49):e2218.

10] Low SW,  Teo K, Lwin S, Yeo LL, Paliwal PR, Ahmad A, et al. Improvement in
cerebral hemodynamic parameters and outcomes after superficial temporal
artery-middle cerebral artery bypass in patients with severe stenoocclusive
disease of the intracranial internal carotid or middle cerebral arteries. J Neuro-
surg 2015;123(3):662–9.

11] Aronson WL,  McAuliffe MS,  Miller K. Variability in the American society of anes-
thesiologists physical status classification scale. AANA J 2003;71(4):265–74.

12] Powers WJ,  Clarke WR,  Grubb Jr RL, Videen TO, Adams Jr HP, Derdeyn CP.
Extracranial-intracranial bypass surgery for stroke prevention in hemody-
namic cerebral ischemia: the Carotid Occlusion Surgery Study randomized trial.
JAMA 2011;306(18):1983–92.

13] Grubb Jr RL, Powers WJ,  Clarke WR,  Videen TO, Adams Jr HP,  Derdeyn
CP. Surgical results of the Carotid Occlusion Surgery Study. J Neurosurg
2013;118(1):25–33.

14] Sekhar LN, Natarajan SK, Ellenbogen RG, Ghodke B. Cerebral revascularization
for ischemia, aneurysms, and cranial base tumors. Neurosurgery 2008;62(6
Suppl 3):1373–408 [discussion 408-10].

15] Cherian J, Srinivasan V, Kan P, Duckworth EAM. Double-barrel superficial tem-
poral artery-middle cerebral artery bypass: can it be considered “high-flow?”.
Oper Neurosurg 2018;14(3):288–94.

16] Guzman R, Lee M, Achrol A, Bell-Stephens T, Kelly M,  Do HM, et al. Clinical

outcome after 450 revascularization procedures for moyamoya disease. Clinical
article. J Neurosurg 2009;111(5):927–35.

17] Charbel FT, Meglio G, Amin-Hanjani S. Superficial temporal artery-to-middle
cerebral artery bypass. Neurosurgery 2005;56(1 Suppl):186–90 [discussion -
90].

http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0130
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0135
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0140
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0145
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0150
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0155
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0160
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0165
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0170
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0175
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0180
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0185
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0190
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0195
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0200
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0205
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0210


chiru

[

[
[

[

[

[

[

R. Aboukais et al. / Neuro

18] Newell DW,  Vilela MD.  Superficial temporal artery to middle cerebral artery
bypass. Neurosurgery 2004;54(6):1441–8 [discussion 8–9].

19] Gross BA, Du R. STA-MCA bypass. Acta Neurochir 2012;154(8):1463–7.
20] Schaller B. Extracranial-intracranial bypass surgery to reduce the risk of

haemodynamic stroke in cerebroocclusive atherosclerotic disease of the
anterior cerebral circulation – a systematic review. Neurol Neurochir Pol
2007;41(5):457–71.
21] Brandicourt P, Bonnet L, Bejot Y, Drouet C, Moulin T, Thines L. Moya-Moya
syndrome after cranial radiation for optic glioma with NF1. Case report and
literature review of syndromic cases. Neurochirurgie 2018;64(1):63–7.

22] Sun SJ, Zhang JJ, Li ZW,  Xiong ZW,  Wu  XL, Wang S, et al. Histopathological
features of middle cerebral artery and superficial temporal artery from patients

[

rgie 65 (2019) 146–151 151

with moyamoya disease and enlightenments on clinical treatment. J Huazhong
Univ Sci Technolog Med  Sci 2016;36(6):871–5.

23] Kim JH, Lee SJ, Shin T, Kang KH, Choi PY, Gong JC, et al. Correlative assessment of
hemodynamic parameters obtained with T2*-weighted perfusion MR imaging
and SPECT in symptomatic carotid artery occlusion. AJNR 2000;21(8):1450–6.

24] Kikuchi K, Murase K, Miki H, Kikuchi T, Sugawara Y, Mochizuki T, et al.
Measurement of cerebral hemodynamics with perfusion-weighted MR  imag-

ing: comparison with pre- and post-acetazolamide 133Xe-SPECT in occlusive
carotid disease. AJNR 2001;22(2):248–54.

25] O. JH, Jang KS, Yoo Ie R, Kim SH, Chung SK, Sohn HS,  et al. Assessment of cere-
brovascular reserve before and after STA-MCA bypass surgery by SPECT and
SPM analysis. Korean J Radiol 2007;8(6):458–65.

http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0215
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0220
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0220
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0220
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0220
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0220
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0220
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0220
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0220
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0220
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0220
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0220
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0225
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0230
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0235
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0240
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0245
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250
http://refhub.elsevier.com/S0028-3770(19)30172-9/sbref0250

	Superficial temporal artery-middle cerebral artery anastomosis patency correlates with cerebrovascular reserve in adult mo...
	1 Introduction
	2 Materials and methods
	2.1 Preoperative evaluation
	2.2 Surgery
	2.3 Postoperative evaluation

	3 Results
	3.1 Intraoperative findings
	3.2 Microsurgical morbidity
	3.3 Long-term clinical outcome
	3.4 Radiological outcome

	4 Discussion
	4.1 STA-MCA anastomosis morbidity
	4.2 Prognostic value of cerebrovascular reserve evaluation

	5 Conclusion
	Ethics
	Funding
	Disclosure of interest
	References


