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Abstract
The effects of superficial temporal artery to middle cerebral artery (STA-MCA) double bypass on recurrent hemorrhage in the
operated hemisphere in hemorrhagic moyamoya disease (HMD) have not been clearly demonstrated. This study evaluated the
effectiveness of STA-MCA double bypass in the prevention of further hemorrhagic or ischemic events in the operated hemi-
spheric sides in comparison to the conservatively treated non-operated sides. We retrospectively analyzed 52 hemispheres of 36
patients with adult-onset HMD treated with STA-MCA double bypass. Twenty and 16 patients underwent unilateral (unilateral
group) and bilateral (bilateral group) surgery, respectively. In addition, the perioperative and long-term outcomes of the 52
operated sides and 20 non-operated sides in the unilateral group were compared. All bypass surgeries were successful, but
21% of the operated sides showed hyperperfusion as estimated by our methods. Perioperative mortality and morbidity rate were
0% and 5.6%, respectively. Concerning long-term follow-up, the annual rebleeding rate (ARR) in the unilateral and bilateral
group was 2.7% and 2.6%/person-year, respectively (p = 0.256). The ARR in the operated and non-operated sides was 1.1% and
1.8%/side-year, respectively (p = 0.163). Two of 20 non-operated sides suffered from ischemic infarction during the follow-up
period, while none of the 52 operated sides experienced ischemic events (p < 0.05). Although the long-term rebleeding rate in the
operated hemisphere tended to be lower after STA-MCA double bypass compared with that in the non-operated hemisphere, the
difference was not statistically significant. In conclusion, while STA-MCA double bypass could not clearly prevent rebleeding, it
can prevent further ischemic attacks in patients with HMD.
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Introduction

Moyamoya disease is a progressive occlusive cerebrovascular
disease of the intracranial internal carotid arteries (ICA) with
extensive fine collateral vessels [26]. In moyamoya disease,
characteristic clinical features may be seen including serious
neurological deficits due to cerebral ischemic and/or

hemorrhagic insults [13, 22, 26]. Intracranial hemorrhage is
more common in adult patients and the natural history of
hemorrhagic moyamoya disease (HMD) is very poor.
Recurrent hemorrhagic attacks have been frequently observed
(28–63%) in patients with HMD [6, 12, 18], which increase
the mortality rate from 6.8 to 28.6% [12]. The Japan Adult
Moyamoya (JAM) trial, which was a multicenter, prospective,
randomized controlled trial, aimed to clarify whether an
extracranial-intracranial bypass can prevent rebleeding in pa-
tients with HMD. This study indicated that superficial tempo-
ral artery to middle cerebral artery (STA-MCA) bypass had
greater potential than conservative therapies to prevent
rebleeding [16]. However, no other large long-term clinical
studies have attempted to determine the effective treatments
for HMD. Additionally, in most previous HMD studies, in-
cluding the JAM trial, STA-MCA bypass was performed on
both hemispheres and surgical outcomes were analyzed in
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each patient. We have treated approximately 300 patients with
moyamoya disease at a single Japanese institute over 15 years.
In patients with HMD, STA-MCA double bypass was basical-
ly performed only on the hemorrhagic side and the contralat-
eral side was conservatively observed. In this paper, we pres-
ent a retrospective analysis of the perioperative and long-term
outcomes in adult-onset HMD treated with STA-MCA double
bypass and investigate the effectiveness of surgery, focusing
on the prevention of further rebleeding in the operated hemi-
spheric sides.

Methods

Patient selection and determinants of the operative
side

From 1999 to 2014, 445 sides of 294 consecutive moyamoya
disease patients underwent STA-MCA bypass surgery at the
Department of Neurosurgery, Tokyo Women’s Medical
University, Tokyo, Japan. Thirty-six of 294 patients were
adult-onset patients with HMD, whose 52 hemispheres were
treated with STA-MCA double bypass. This study retrospec-
tively investigated 52 sides of 36 HMD patients. These 36
patients satisfied the diagnostic criteria of the Ministry of
Health, Labor, andWelfare, Tokyo, Japan, for moyamoya dis-
ease [24]. There were no patients with unilateral moyamoya
disease in this series. Surgical treatment was performed only
after informed consent was obtained. This study was approved
by an institutional review committee.

The operative side was determined as follows (Fig. 1): pa-
tients whose hemorrhagic sites were clearly detected by com-
puted tomography (CT) and/or magnetic resonance imaging
(MRI) had STA-MCA double bypass only on the hemorrhagic
side (unilateral group). The patients whose hemorrhagic sites
were bilateral or were not evidently detected because of mas-
sive intraventricular hemorrhage, or those with accompanying
ischemic events in the non-hemorrhagic side, had bypass sur-
gery on both sides (bilateral group). Of these 36 patients, 20
and 16 comprised the unilateral and bilateral group, respec-
tively. As the 20 unilaterally operated patients had 20 non-
operated sides, we also created a group composed of the 52
operated sides and another that included the 20 non-operated
sides.

Surgical procedures and definition of hyperperfusion

STA-MCA double bypass was performed in all patients.
Under general anesthesia, mainly using propofol, the parietal
and frontal branches of the STA were anastomosed to the
supra- and infrasylvian M4 segments of the MCA in a side-
to-end fashion (Fig. 2a). We used a colored flexible cylindrical
silicone rubber stent (300–400 μm in diameter and 3–4 mm in

length) that helped to confirm the ostium of the transparent
thin-walled recipient arteries and make precise anastomoses
possible (Fig. 2b) [23]. The patency of anastomoses was con-
firmed by Doppler ultrasonography intraoperatively.
Immediately after the bypass surgery, postoperative hyperper-
fusion was evaluated by measuring the resting regional cere-
bral blood flow (rCBF) in the bilateral MCA territories with
xenon CT under continued sedation with propofol.
Postoperative hyperperfusion was defined as a > 50% increase
in postoperative ipsilateral rCBF compared with postoperative
contralateral rCBF (method 1) or > 100% increase in corrected
postoperative ipsilateral rCBF compared with preoperative
ipsilateral rCBF (method 2) [11, 30]. Corrected rCBF was
calculated as follows: corrected rCBF = postoperative ipsilat-
eral rCBF × preoperative contralateral rCBF/postoperative
contralateral rCBF [11]. If hyperperfusion was detected, seda-
tion with propofol was maintained for a few to several days
depending on the repeated rCBF studies. All patients received
antiplatelet agents (mainly aspirin, 100 mg daily) after the
bypass surgery. The patients in the unilateral group underwent
STA-MCA double bypass on the hemorrhagic side alone, and
those in the bilateral group underwent operations on both
sides. In the bilateral surgical group, the contralateral STA-
MCA double bypass was performed at least 3 months after
the ipsilateral bypass.

Patient follow-up

Perioperative complications related to bypass surgery were
investigated during hospitalization and perioperative mortality
and morbidity rate was estimated at 30 days postoperatively.
All patients were followed up at our outpatient clinic for at
least 36 months (64.6 months on average). The incidence of
rebleeding, cerebral infarction, and other diseases during long-
term follow-up was recorded. To analyze the outcomes, the
modified Rankin scale (mRS) scores were assessed before
surgery, at 30 days after the surgery, and at the latest follow-
up. Morbidity was defined as all permanent morbidity (e.g.,
any neurological or other deficit) not present before surgery.
Angiographic evaluation was performed within 7 days, at
3 months, and at 1 year after the surgery by brain magnetic
resonance angiography (MRA) or digital subtraction angiog-
raphy (DSA) to evaluate the patency of the bypasses and
changes in abnormal collaterals.

Statistical analysis

Descriptive statistics are presented as mean ± standard devia-
tion. Statistical analyses were performed using the χ2 test and
statistical significance was set as p < 0.05. Freedom from
rebleeding was estimated using the Kaplan-Meier product-
limit method, and the log-rank test was used to compare the
difference between the two groups. The risk hazard ratio was
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estimated using the Cox proportional hazard model. The gen-
eralized Wilcoxon test, which places more weight on early
events, was also used to assess the sensitivity of the log-rank
test. All data were calculated using a commercially available
software package (JMP® 11.0; SAS Institute Inc. Cary, NC).

Results

Clinical features of patients with HMD

The clinical features of the patients with HMD are summa-
rized in Table 1. Of the 36 patients, 14 were male and 22 were
female (age range, 20 to 68 years). Hypertension was ob-
served in 12 patients and family history of moyamoya disease
was noted in 3. There were 11 patients with a history of cere-
bral ischemic insults, such as symptomatic cerebral infarction,
and/or transient ischemic attacks (TIAs), such as aphasia, dys-
arthria, and motor weakness. Other comorbidities such as di-
abetes mellitus, hyperlipidemia, and cardiovascular disease
were rarely found. A favorable preoperative mRS score of
0–2 was found in 14 patients (38.9%).

Table 1 also shows a summary of the 41 episodes of intra-
cranial hemorrhage in each group. In the bilateral group, 5 of

16 patients experienced a second hemorrhagic insult before
the STA-MCA bypass. The 41 episodes included 7 putaminal,
7 thalamic, 4 caudate, 6 subcortical, 1 subarachnoid, and 16
intraventricular hemorrhages.

Perioperative outcomes

STA-MCA double bypass was successfully carried out in all
52 sides of the 36 patients. The perioperative outcomes (with-
in 30 days of surgery) are summarized in Table 2. As for the
hemodynamic study, rCBF in the operative MCA territory
improved after the surgery, with a 30.1 ± 23.5% increase mea-
sured by method 1 and a 34.7 ± 30.9% increase measured by
method 2. Postoperative hyperperfusion estimated by our
methods was detected in 11 (21%) operated sides (Fig. 3a).
Sedation was continued in these patients to maintain a stable
blood pressure for several days after the surgery.

Perioperative transient neurological deterioration (TND)
presenting with motor weakness, aphasia, and/or dysarthria
was observed in 6 operated sides. Partial seizures were ob-
served in 4 operated sides. The symptoms were reversible
and disappeared within 1 week. The 7 operated sides showed
focal vasogenic edema at the bypassed site on postoperative
MRI. This was evidenced by high intensity at the lesion on

Fig. 1 The distribution of the surgical group and operative sides. The 36
patients were divided into unilateral surgical group (20 patients) and
bilateral surgical group (16 patients). In the unilateral surgical group,

the sides were divided into operated side (20 sides) and contralateral
non-operated side (20 sides). Adding to 32 sides of 16 bilateral group
patients, total operated side was up to 52 sides
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fluid-attenuated inversion recovery (FLAIR) and apparent dif-
fusion coefficient (ADC), and a slightly high intensity on
diffusion-weighted imaging (DWI) (Fig. 3b–d). The occur-
rence of focal vasogenic edema is not always correlated with
either postoperative hyperperfusion or TNDs. The edema
gradually disappeared in all but the 4 of the cases that subse-
quently developed subcortical hemorrhage in the lesion. The 4
operated sides with focal hyperperfusion eventually devel-
oped subcortical hemorrhage at the bypassed site. Among
the 36 patients, 2 had permanent neurological deficits due to
postoperative intracerebral hemorrhage, and their mRS score
deteriorated at 30 days after the surgery. The 30-day periop-
erative mortality and morbidity rates were 0% and 5.6%,
respectively.

Long-term outcomes

The long-term outcomes are shown in Table 3. Five patients
experienced rebleeding during the long-term follow-up period
(mean, 64.6 months). The rebleeding rate was 13.9% (2.6%/
person-year). Three patients in the unilateral group had
rebleeding: 1 thalamic, 1 subcortical, and 1 intraventricular.
Two patients in the bilateral group also experienced
rebleeding: 1 thalamic and 1 caudate. Of the 5 patients, 2
exhibited headache only, 2 exhibited a slight deterioration of
their neurological features, and 1 died of rebleeding.
Concerning ischemic events, 2 patients in the unilateral group
experienced ischemic infarction during the follow-up period.
Both occurred in the non-operated sides, and STA-MCA

Table 1 Clinical features and
types of hemorrhagic episodes in
all 36 patients, 20 unilateral and
16 bilateral group

Characteristics All (n = 36) Unilateral (n = 20) Bilateral (n = 16)

Mean age, year (range) 41.7 ± 11.0 42.9 ± 10.8 41.1 ± 11.2

Female 22 (61.1%) 10 (50.0%) 12 (75.0%)

Hypertension 12 (33.3%) 7 (35.0%) 5 (31.3%)

Diabetes mellitus 1 (2.8%) 1 (5.0%) 0

Hyperlipidemia 1 (2.8%) 0 1 (6.3%)

Cardiovascular disease 0 0 0

Family history 3 (8.3%) 2 (10.0%) 1 (6.3%)

History of ischemic events 11 (30.6%) 4 (20.0%) 7 (43.8%)

Modified Rankin scale 0–2 14 (38.9%) 9 (45.0%) 5 (31.3%)

3 19 (52.8%) 10 (50.0%) 9 (56.3%)

4 3 (8.3%) 1 (5.0%) 2 (12.5%)

Types of hemorrhage n = 41 n = 20 n = 21a

Putaminal 7 5 2

Thalamic 7 3 4

Caudate 4 2 2

Subcortical 6 5 1

Subarachnoid 1 1 0

Intraventricular 16 4 12

a Five of 16 patients suffered from second episode of hemorrhage

Fig. 2 The parietal and frontal
branches of STAwere
anastomosed to supra and
infrasylvian M4 segments of
MCAs (a). We used a colored
flexible cylindrical silicone
rubber stent which facilitated
confirmation of the ostium of the
artery (b)
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double bypass was subsequently performed. The p values
comparing the unilateral and bilateral group using the log-
rank test were 0.258, and that comparing operated and non-
operated sides was 0.029. The overall stroke occurred in 5

patients of unilateral group, and 2 patients in bilateral group
(p = 0.187).

Two patients underwent ventriculoperitoneal shunt place-
ment due to slowly progressing hydrocephalus. Three patients

Table 2 Perioperative outcomes
(within 30 days) in all 52 operated
sides

Perioperative outcomes n = 52 (operated sides) %

Hyperperfusion (estimated by our method) 11 21.2

Transient neurological deficit 6 11.5

Cerebral infarction 0 0

Partial seizure 4 7.7

Surgical site infection 1 1.9

Focal vasogenic edema 7 13.5

Subcortical hemorrhage at the bypassed site 4 7.7

Morbidity and mortality n = 36 (patients) %

Deterioration of mRS score at discharge 2 5.6

Death 0 0

Fig. 3 An illustrative case that
demonstrated focal vasogenic
edema with hyperperfusion.
Xenon CT demonstrated focal
hyperperfusion just after left
STA-MCA double bypass (a).
MRI 2 days after surgery showed
high-intensity signal in FLAIR
(b) and ADC (c), and a slightly
high intensity on DWI (d) in the
subcortical region at the anasto-
motic site

Neurosurg Rev (2019) 42:559–568 563



died, 1 each because of rebleeding, cardiovascular disease, and
unknown events. The mortality rate of this series was 8.3%
(1.5%/person-year). At the latest follow-up, deterioration of
mRS score compared with that at discharge was observed in
8 patients, while improvements after rehabilitation were found
in 5 patients. A favorable outcome (mRS 0–2) was found in 14
patients (38.9%), a similar proportion to that preoperatively.

In all patients, the patency of the STA-MCA double bypass
was confirmed with brain MRA. Postoperative DSA showed
excellent visualization of the MCA cortical arteries, and the
abnormal collateral vessels of the operated side disappeared or
were evidently diminished after STA-MCA double bypass in
all patients (Fig. 4).

Rebleeding rates in each category

Table 4 summarizes the long-term rebleeding rates and
Kaplan-Meier rebleeding-free curves in the unilateral and bi-
lateral groups and in the operated and non-operated groups.

The annual rebleeding rate (ARR) in the unilateral and the
bilateral groups was 2.7% and 2.6%/person-year, respectively.
The p values, comparing the two groups using the log-rank test
and Wilcoxon test, were 0.988 and 0.256, respectively (risk
hazard ratio 0.987, 95% confidence interval 0.160–7.612;
Fig. 5a). Focusing on rebleeding sites, 3 of 52 (5.8%) operated
sides showed recurrence of hemorrhage, with 1 thalamic, 1
caudate, and 1 subcortical hemorrhage. In the non-operated
sides, 2 of 20 (10.0%) sides showed rebleeding, consisting of
1 thalamic and 1 intraventricular hemorrhage. ARR in the op-
erated and non-operated groups was 1.1% and 1.8%/side-year,

respectively. The p values, using the log-rank test and the
Wilcoxon test to compare the operated and non-operated
groups, were 0.702 and 0.163, respectively (risk hazard ratio
1.425, 95% confidence interval 0.185–8.756; Fig. 5b).

Discussion

Our findings suggested that STA-MCA double bypass for
adult patients with HMD had a tendency to reduce long-term
rebleeding but a significant difference in ARR was not found
between the operated and non-operated sides.

Previous studies have reported poor outcomes associated
with the natural history of HMD [12, 15, 18]. Kobayashi et al.
reported a representative ARR of 7.1%/person-year in patients
with HMD treated conservatively [12]. They also showed
28.6% mortality and 21.4% good recovery rates in patients
with rebleeding. Indirect bypasses, such as encephalo-duro-
arterio-synangiosis, have also been described as ineffective for
preventing rebleeding. The long-term prognosis after indirect
bypass is similar to that of conservative treatment [1, 10, 12].
On the other hand, the JAM trial indicated that bilateral STA-
MCA bypass lowered ARR to 2.7%/year in the long term, a
statistically significant superiority over non-operated patients
[16]. Some authors have also reported an 11–14% rebleeding
rate in patients with HMD who underwent direct revasculari-
zation surgeries, which would be considerably superior to the
historical general recurrence rate in patients with HMD [1, 5,
8, 31]. Although our ARR was comparable to that of previous
studies, a statistically significant difference in ARR between

Table 3 Long-term follow-up
outcomes (mean 64.6 months) of
all 36 patients, 20 unilateral group
and 16 bilateral group

All

(n = 36)

Unilateral

(n = 20)

Bilateral

(n = 16)

Total no. of rebleeding 5 (13.9%) 3 (15.0%)

1 thalamic

1 subcortical

1 IVH

2 (12.5%)

1 thalamic

1 caudate

Cerebral infarction 2 (5.6%) 2 (10.0%) 0

Hydrocephalus 2 (5.6%) 1 (5.0%) 1 (6.3%)

Death 3 (8.3%) 1 (5.0%) 2 (12.5%)

mRS at 30 days after surgery 0–2 13 8 5

3 18 10 8

4 4 2 2

5 1 0 1

6 0 0 0

mRS at the latest follow-up 0–2 14 9 5

3 13 7 6

4 3 1 2

5 3 2 1

6 3 1 2
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the unilateral and bilateral groups and between the operated
and the non-operated side groups was not observed. Larger
patient numbers and longer follow-up would be required to
evaluate the statistical significance of our findings.

It has been reported that hemodynamic stress on the abnor-
mal collateral vessels or microaneurysms in the dilated perfo-
rating arteries may be causes of hemorrhage in HMD [4, 17].
Previous studies have indicated that a direct bypass might re-
duce hemodynamic stress in the cortical and moyamoya ves-
sels [1, 22, 27]. The disappearance of microaneurysms after
STA-MCA bypass has also been reported [20]. Nevertheless,
the precise pathophysiology concerning rebleeding in HMD is
still not fully understood. It is more important to clearly deter-
mine the cerebral hemodynamics and cerebral arterial morpho-
logical changes, not only in the cerebral cortical areas but also
in the deep cerebral regions, following STA-MCA double by-
pass in patients with HMD than after conservative treatment.
Microvascular evaluation of HMD with high-resolution imag-
ing techniques such as 7-Tesla MRI might provide further

information, including perforating arteries running through
the deep cerebrum [9, 29], and would provide clues to eluci-
date the precise mechanism of hemorrhage in HMD.

Efficacy of STA-MCA double bypass in HMD

In our series, STA-MCA double bypass dramatically im-
proved rCBF in the operated MCA territory. Double bypass
to each supra- and infrasylvian vessel may improve rCBF in a
larger area than single bypass [14, 19]. However, rebleeding
still occurred despite technically successful STA-MCA bypass
and apparent resolution of abnormal vessels. In contrast, STA-
MCA double bypass evidently prevented ischemic attacks in
patients with HMD. In our series, up to 30% of the patients
had a history of ischemic attacks, including symptomatic ce-
rebral infarction or TIAs with aphasia, dysarthria, and motor
weakness. However, ischemic events did not occur in the op-
erated hemispheric sides following STA-MCA double bypass.
Interestingly, the fact that patients with HMD often suffered

Table 4 Long-term rebleeding
rates of unilateral/bilateral group
and operated/non-operated hemi-
spheric side

Rebleeding (n) Follow-up (months) Risk (%/year)

Unilateral surgical group (n = 20) 3 (15.0%) 66.9 2.69

Bilateral surgical group (n = 16) 2 (12.5%) 58.3 2.57

Operative hemispheric side (n = 52) 3 (5.8%) 61.4 1.13

Non-operative hemispheric side (n = 20) 2 (10.0%) 65.2 1.84

Fig. 4 Pre (a) and postoperative digital subtraction angiography (b) of a 36-year-old womanwith HMD.Her abnormal collateral vessels had disappeared
on angiography 4 months after left STA-MCA double bypass
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from ischemic insults has not been appropriately investigated.
Fujii et al. reported that 59 of 455 patients with HMD had
history of an ischemic episode prior to hemorrhage [2].
Kawaguchi et al. also reported that up to 36% of their conser-
vatively treated patients experienced ischemic events during
the follow-up period [10]. The efficacy of STA-MCA bypass
in preventing ischemic attacks would be of significant benefit
to patients with HMD.

It is significant that patients with moyamoya disease have
cerebral hemodynamic compromise, and a minor increase in
intracranial pressure due to hemorrhagic insults could easily
cause irreversible ischemia [7, 25]. A previous study had re-
ported that the cortical arterial pressure in moyamoya disease
is < 30 mmHg, considerably lower than normal values of ap-
proximately 80 mmHg [22]. In addition, the cerebral vascular
resistance of the cortical MCA (M4) is significantly lower
than that of the cervical ICA [22]. From these data, we assume
that the effect of STA-MCA bypass may normalize not only
the CBF but also the perfusion pressure in the operated hemi-
sphere. Therefore, we suggest that STA-MCA bypass might
be effective for not only preventing further ischemic events
but also reducing simultaneous ischemic complications in
case of rebleeding in patients with HMD.

From this perspective, STA-MCA double bypass in the
non-hemorrhagic side would be recommended when hemody-
namic insufficiency is present. However, our result showed
that the difference in the overall incidence of strokes between
the unilateral and bilateral surgical groups was not significant.
Routine Bbilateral^ surgery for HMD remains controversial.

Reducing perioperative complications

During the perioperative period, some patients developed seri-
ous complications. Although TNDs or transient focal vasogenic
edema would not lead to permanent neurological deficit, post-
operative hyperperfusion occasionally causes critical sequelae
[3, 21]. In our series, the perioperativemorbidity rate was 5.6%,

comprised entirely of subcortical hemorrhage at the bypassed
site due to hyperperfusion. This observation might be unique to
STA-MCA Bdouble^ bypass as a result of increasing rCBF.
Therefore, we instituted the following counter measures to pre-
vent hyperperfusion-related complications: (1) general anesthe-
sia is continued after bypass surgeries [30]; (2) when hyperper-
fusion is observed by our methods, strict blood pressure control
under sedation is continued until the rCBF falls to normal; and
(3) the free radical scavenger edaravone, which reduces the
incidence of hyperperfusion-related TNDs, is administered
[28]. These precautions may explain why only a few of our
patients have developed postoperative complications related
to hyperperfusion in the recent period.

Limitations

Some of this study’s limitations should be noted. First, this
was a retrospective single-center study, and data collection
was performed by us. The statistical power of our findings
might not be strong. Second, HMD is still very rare, and the
number of patients examined in our study might not be large
enough to demonstrate statistical significance in each catego-
ry. Finally, our data on non-operated (conservatively treated)
sides were obtained with respect to the contralateral sides of
the operated hemisphere, and these were not regarded as
patient-based study nor truly conservatively treated hemi-
spheres. Since STA-MCA double bypass surgery is the first-
line treatment option at our center, we did not have adequate
data on patients treated conservatively or with indirect bypass.
This presented difficulties in comparing STA-MCA double
bypass with other treatment modalities.

Conclusions

We presented the perioperative and long-term outcomes of
STA-MCA double bypass for patients with adult-onset

Fig. 5 Kaplan-Meier rebleeding-free curve of the unilateral and bilateral group (a), and the operated and non-operated side (b)
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HMD.Hyperperfusion following STA-MCA double bypass is
a concerning perioperative complication and should be man-
aged by strict blood pressure control with rCBF measure-
ments. The long-term rebleeding rate tended to be lower in
the operated hemisphere; however, the difference between the
operated and non-operated sides was not statistically signifi-
cant. STA-MCA double bypass could dramatically change the
hemodynamics in the operated cortical region and significant-
ly prevent ischemic attacks in HMD.
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