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Abstract

Background Despite the consensus on the necessity of revascularizing surgery in Moyamoya angiopathy in Asia, the indica-
tion in Caucasian Moyamoya patients is discussed controversially.

Objective The safety of revascularizing surgery in Europe should be clarified.

Methods This study retrospectively analyzed the rate of complications as well as clinical symptoms within the first 3 months
after bypass surgery between superficial temporal artery and middle cerebral artery (STA-MCA).

Results 64 direct bypass procedures in 45 patients (95.5% Caucasians) were analyzed. The magnetic resonance imaging at day
6 showed subdural hematoma in 60.3%. The mean diameter of these hematomas on magnetic resonance imaging was 5.1 mm
(SD 3.4 mm) and increased in 25% at follow-up. No difference was found between those patients with early (day 1) or late
(day 7) restarts of antiplatelet therapy. Magnetic resonance imaging at day 6 revealed hyperperfusion syndrome after six of 64
procedures (9.3%). Three of these six had clinical symptoms; two-thirds were transient within seconds. Magnetic resonance
imaging depicted stroke after seven procedures (10.9%). Five of these seven patients had no new symptoms. Altogether, after
ten procedures (15%), patients complained about clinical symptoms. These were all transient. No new transient ischemic
attacks occurred during the 3 month follow-up and no new lesions were detected in magnetic resonance imaging. Only two
patients underwent surgery for asymptomatic subdural hematoma. All other subdural hematomas resolved spontaneously.
Conclusion Revasculating surgery is a safe procedure in Caucasian patients with Moyamoya angiopathy. The observed
complications have a good prognosis.
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Background

Moyamoya angiopathy (MMA) is a non-arteriosclerotic vas-
culopathy characterized by progressive stenoses and occlu-
sions of the intracranial internal carotid arteries (ICA) and
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of the MCA (STA-MCA-bypass). The goal is to achieve a
rapid restoration of cerebral perfusion in adult and pediatric
patients with MMA and to reduce the risk of future ischemic
stroke [1]. It is also intended to decrease the risk of cer-
ebral hemorrhage by diminution of the fragile collateral net-
works. Indirect bypass techniques include the implantation
of highly vascularized tissue like muscle or omentum to the
brain surface. Indirect bypass surgery is mainly performed
in young children when the donor artery STA is too small
for direct bypass techniques.

While it is known since 1985 that extracranial—intracra-
nial revascularizing surgery is ineffective in arteriosclerotic
diseases [2—4], there is a common consensus among Asian
experts that bypass surgery is beneficial in hemodynamic
compromised stages of MMA [5-9].

As a first attempt, the French guidelines published just
recently, aimed to clarify clinical practice of MMA in
Europe based on literature analysis [10]. However, outside
of Asia, study data for the indication of bypass surgery
are sparse [11, 12]. Therefore, it is important to analyze
the risks of direct bypass surgery. Asian studies [13] have
reported hyperperfusion syndrome [14, 15], postoperative
ischemia [16], and seizures [17] as the main complications
after bypass surgery. Postoperative subdural hemorrhages
following bypass surgery are nearly completely neglected
in the scientific literature [13, 18].

In this study, we aimed to characterize the development
of subdural hematomas in the postoperative time course and
investigate the rates of spontaneous restitution and the per-
centage of patients requiring neurosurgical interventions.
In addition, we attempted to elucidate if the timepoint of
restarting antiplatelet therapy after bypass surgery has an
influence on the risk, extent, and prognosis of postoperative
subdural hematoma.

Objective

This study aimed to analyze safety of STA-MCA-bypass
in Europe in consecutive patients of dominantly Caucasian
family origin.

Specifically, we sought to analyze the early postopera-
tive course after STA-MCA-bypass surgery to address the
following questions: is there a difference in bleeding com-
plications with early re-initiation of aspirin or clopidogrel?
On the other hand, is the incidence of stroke increased in
patients with longer intermission of antiplatelet therapy?
Which patients have clinical symptoms early after surgery?
How is the prognosis of complications within 3 months after
surgery?

Methods

We retrospectively analyzed the rate, extent, and develop-
ment of subdural hematoma, hyperperfusion syndrome,
stroke in magnetic resonance imaging (MRI) and clinical
symptoms early within the first 3 months after STA-MCA
bypass surgery performed by one neurosurgeon (FD) in a
single German institution. Between January 1Ist, 2015 and
March 9th, 2017, all 45 consecutive patients with MMA
and hemodynamic insufficiency underwent 64 STA-MCA
bypass surgical interventions due to hemodynamic insuf-
ficiency. All patients routinely underwent cranial computer
tomography on the first day after surgery and MRI of the
brain at day 6 after surgery. The MRI protocol included
axial fluid-attenuated inversion recovery (FLAIR)
sequences, axial T1-weighted, axial diffusion-weighted,
and susceptibility-weighted images as well as intracra-
nial time-of-flight (TOF) MR angiography. In addition,
a clinical follow-up with another MRI of the brain was
performed about 3 months after bypass surgery. In cases
with subdural hematoma detected on the routine computer
tomography (CT) scan or MRI, the extent was measured
in the position of the largest diameter. In all patients, anti-
platelet therapy was discontinued 7 days before bypass
surgery. Due to the assumption that early restart of anti-
platelet therapy after bypass surgery influences the rate of
hematoma, we changed the clinical concept between 2015
and 2016 towards longer suspension of antiplatelet ther-
apy. Therefore, retrospectively, it was possible to divide
the 64 procedures into two groups. Group 1 resumed their
antiplatelet therapy between days 1-3 after surgery. Group
2 resumed their antiplatelet therapy between days 5-7.

In case of bilateral surgery, the second hemisphere was
operated after a 3 month waiting period. No patient was
operated bilateral simultaneously.

The study was retrospective and the decisions for all
procedures and therapy were based on clinical reasoning
and not influenced by the study. The study was approved
by the local ethics-committee. All patients signed an
informed consent. Statistical comparisons were made
using Mann—Whitney U test (Wilcoxon test). Statistical
analysis was performed with SPSS 20 (IBM, Armonk,
NY). p values <0.05 were considered significant.

Results
Participants

Sixty-four procedures were operated using the STA as
donor vessel and a distal branch of the MCA as acceptor
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vessel in 45 patients. In 48 (75%) procedures, only this
direct bypass surgery was performed; in 16 (25%), proce-
dures direct surgery was combined with indirect bypass
techniques. The participants were 11 males and 34
females. All participants were adults due to referring bias
to our adult Moyamoya center. The age at time of surgery
was 41.8 years (age range 18-64, mean, median 43 years,
SD 13.68). The great majority (95.5%) of patients were of
Caucasian ethnicity (42 Germans, 1 Russian). Only one
patient was Arab and one patient was of Asian ethnical
origin. The great majority of patients had bilateral MMA
(n=40, 88.8%), and only five patients were suffering from
a unilateral variant.

Postoperative rate and extent of subdural
hemorrhage

Within 24 h of surgery, CT scans revealed subdural hema-
toma in 29 of 64 procedures (45.3%). All subdural hema-
tomas were located at the ipsilateral side to surgery. The
mean diameter of these hematomas was 3.9 mm (median 3,
SD 2.1, minimum 1 mm, and maximum 10 mm). In eight
procedures, a follow-up CT scan was available between the
first postoperative day and the MR scan at day 6. In those
eight procedures (in 5 cases), the hematoma increased with
a mean of 7.6 mm (median 7, SD 4.4, minimum 2 mm, and
maximum 12 mm). The MR scan, which was performed at
day 6 after surgery (mean 6.01, median six, and SD 4.19),
showed subdural hematoma in 38 of 63 procedures (60.3%).
The mean diameter of these hematomas in MRI was 5.1 mm
(median 4.5 mm and SD 3.4 mm). In 26 of 63 (25.4%) MR
scans, there was an increase of the diameter in comparison
with the first CT scan at day 1 after surgery with a mean
difference of 4.2 mm (median 3 mm and SD 2.9 mm). In
27 MRI scans, the diameter remained stable, and 10 MRI
scans revealed an reduced diameter of hematomas with a
mean difference of 2.9 mm (median 2.5 mm and SD 2.1).
In two patients, an operative decompression was performed
(diameter 15 mm in both cases) based on the MRI find-
ing although patients had been asymptomatic. No patient
showed epidural hemorrhage.

Antiplatelet therapy

Antiplatelet therapy (aspirin 100 mg per day or clopidogrel
75 mg per day) was prescribed in 63 of 64 procedures
before surgery and was stopped 7 days before surgery. This
therapy was re-initiated at the first postoperative day after
33 procedures. In 30 procedures (47.6%), the antiplatelet
therapy was given at day 5.2 (mean, median 7, SD 2.2)
after surgery. In those 33 procedures in which antiplate-
let therapy was restarted early at day 1 after surgery, 21
(63.6%) MRI scans showed subdural hematoma. In those
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22 procedures, in which antiplatelet therapy was restarted
at day 4 or later after surgery (mean day 6.52, median day
7, and SD 1.08) 12 MR scans revealed subdural hemato-
mas. This difference was not significant (p =0.455). In the
15 patients with re-initiation at day 7 8 (53.3%) MRI scans
showed subdural hematoma. The comparison between the
15 procedures who restarted antiplatelet therapy at day 7
and those 33 procedures who were restarted on antiplatelet
therapy at day 1 also revealed no statistically significant
difference (p =0.45) (Fig. 1).

Early hyperperfusion syndrome in MRI at day 6
after surgery

In the MR scans performed at day 6 FLAIR hyperinten-
sity and diffusion restriction suggesting hyperperfusion
were evident after 6 of 64 procedures (9.3%). Three of six
(50%) patients had clinical symptoms. Two of these were
transient for hours very early after surgery and completely
disappeared at day 2 (see Table 1). In all six cases, MRI
performed 3 months later showed no abnormality with
complete resolution of the hyperintensities.

The six patients with hyperperfusion syndrome did
not differ in age (45.33 years mean, median 38 years, SD
18.01) compared to the other 39 patients (40.92 years
mean, median 43, SD 13.23; p=0.725).

Diffusion-weighted images in MRI at day 6
after surgery

MRI imaging revealed diffusion restriction with typical
reduction of ADC map as a sign of ischemia after seven
procedures (10.9%) (Fig. 2). Five of these seven patients
had no new postoperative symptoms. As shown in Table 1,
one patient had paresthesia for seconds, which completely
resolved, and one patient had symptoms not related to the
area of stroke. All diffusion-restricted areas appeared as
little spots suggesting microembolic lesions. In four of
these seven patients these diffusion-restricted spots were
located in the same hemisphere as surgery, in two patients
the other hemisphere was affected and in one patient spots
were found in both hemispheres. Six of seven patients
were older than 40 years, with a mean age of 46.85 years
(median 46.85, SD 1.99). The age of those 38 patient with-
out ischemia was 40.86 (mean, median 39.5, SD 13.91).
This difference was not significant (¢ test, p =0.266).
Among the group of 7 patients with stroke visible on MRI
at day 6, 5 had received antiplatelet therapy early at day 1,
and at days 2 and 7, one each. None of the stroke patients
smoked in the first 6 days after surgery or had a coagula-
tion disorder.
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Fig.1 Recruitment flow chart

Clinical symptoms

Almost all patients suffered from wound pain and headaches
during the first days after surgery, which responded to anal-
gesic medication. Therefore, pain was not analyzed as all
patients received analgetic drugs on a regular basis. In addi-
tion, postoperative soft tissue hematoma and swelling was
not analyzed as it was present in all patients and it is hard
to quantify.

Altogether, after ten procedures (15%) patients com-
plained of clinical symptoms other than postoperative pain
and headaches.

After five procedures (8%) patients reported sensory
symptoms in the form of paresthesiae of the fingers and
the mouth for seconds during the early days after surgery.
These symptoms and the other postoperative complaints
are presented in Table 1. After those ten procedures with
clinical postoperative complaints, the first CT revealed
subdural bleedings in 5 (50%; mean diameter 2.4, median
0.5, SD 2.9), and MRI at day 6 revealed subdural hema-
toma in additional two (7 of 10, 70%) procedures (mean
diameter 4.5, median 4.5, standard 4.7). After those 54
procedures in which patients presented no postoperative
complaints, 24 (44.4%) early CT scans revealed postop-
erative hematoma (mean diameter 3.8 mm, median 3 mm,
SD 2.07) and 30 (55.5%) MRI scans showed postoperative
subdural hematoma (mean diameter 5 mm, median 4 mm,

underlined - subdural hematoma

- MR flair hyperintensity and
diffusion restriction

- clinical postoperative
complaints

SD 3.17). The percentage of bleedings in CT (p=7.46)
and in MRI (p =0.396) and the diameter of subdural hema-
toma (p=0.07 for CT, p=0.67 for MRI) did not differ
between those patients with or without symptoms.

Early postoperative duplex sonography

After all 64 procedures in all 45 patients extra- and tran-
scranial duplex sonography within the first 6 days revealed
bypass patency (100%).

MRI 3 months after surgery

In 63 of 64 procedures, MRI and clinical follow-up were
available at 3—4 months after surgery. No new diffusion
restrictions occurred during follow-up. Neither ischemias
nor bleedings were seen in MRI and all early postoperative
findings like subdural hematoma and hyperperfusion syn-
drome resolved completely (Figs. 3, 4). This included the
36 cases, which showed a subdural hemorrhage on MRI at
day 6, and which did not undergo surgical decompression.
The spontaneous resolution in all these 36 non-operated
cases included also 5 cases who had presented a diam-
eter of hematoma of more than 9 mm (15, 14, 11, 10, and
9 mm, respectively).
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Table 1 Clinical characteristics of symptomatic patients

Pat.  Symptom Duration Hemorrhage in Hemorrhage in Hyperperfusion  Diffusion- Further course
CT MRI syndrome in weighted images
MRI abnormalities
F, 27 Prickling con- For seconds No Yes (2 mm) No Yes, embolic Complete recovery
tralateral finger ~ within first days character directly
and mouth Postoperative Ipsilateral to
surgery
F, 52 Prickling con- For seconds No Yes (1 mm) No No Complete recovery
tralateral hand within first days directly
Postoperative
M, 25 Prickling con- For seconds Yes (6 mm) Yes (6 mm) No No Complete recovery
tralateral hand within first days directly
Postoperative
F,21 Prickling con- For seconds No No No No Complete recovery
tralateral hand within first days directly
Postoperative
F, 22 Prickling con- For seconds No No No No Complete recovery
tralateral fingers  within first days directly
and mouth Postoperative
F, 43 Focal motor For seconds Yes (13 mm) Yes (15 mm) No No Complete recovery,
seizure within first days but burr holes
Postoperative surgery
M, 66 Generalized sei- For minutes No No Yes Yes, embolic Aphasia for months
zure with pos- within first days character, not in
tictal aphasia Postoperative, area for aphasia
aphasia for Contralateral to
months surgery
F, 54 Focal motor For seconds Yes (3 mm) Yes (9 mm) No No Complete recovery
seizure within first days directly
Postoperative
F,39 Aphasia and At the day of sur- Yes (3 mm) Yes (3 mm) Yes No Complete recovery
paresis con- gery for hours next day
tralateral side
M, 30 Anarthria At the day of sur- Yes (5 mm) Yes (11 mm) Yes No Complete recovery

gery for hours

next day

Fig.2 Embolic stroke in diffusion-weighted MRI (both MRIs if different patients) at day 6 after surgery

@ Springer



Journal of Neurology (2018) 265:2370-2378

2375

Fig.3 Subdural hemorrhage (left) at day 6 after surgery and spontaneous recovery (right) after 3 months in MRI (FLAIR sequences)

Fig.4 Hyperperfusion syndrome in FLAIR images in MRI (left) at day 6 after surgery and spontaneous recovery (right) after 3 months

Clinical symptoms 3 months after surgery

In 62 of 63 procedures (98.4%), patients reported no
persisting clinical deficit after surgery within 3 months.
One patient was lost to clinical follow-up due to living in
Kuwait. After one procedure (1.5%), a persisting worsen-
ing of aphasia was reported without a new MRI lesion in
comparison with the preoperative MRI. This worsening
was interpreted as a postictal phenomenon due to a prior
generalized seizure and residual aphasia (see Table 1).
After three procedures (4.6%), patients reported wound

healing complications. These included wound dehiscence
and incomplete necrosis, but resolved with appropriate
treatment at the 3 month follow-up.

Duplex sonography 3 months after surgery
Extra- and intracranial duplex sonography 3 months after

surgery revealed bypass patency in all 44 patients after a
total of 63 procedures (100%).
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Discussion

This is the first study addressing systematically clini-
cal symptoms, development of subdural hematomas and
ischemias in mainly Caucasian European patients with
MMA within the first 3 months after STA-MCA surgery.
Yu et al. reported in 2016 that no systematic study on
complications after bypass surgery is available and sum-
marized the complications in a review article [13].

The literature about revascularisation surgery especially
in European Caucasians is sparse and clinically relevant
questions are still unsolved.

Recently, the Berlin group addressed perioperative
risks of 37 patients with MMA and found eight ischemic
complications (11%) [19]. Other studies from European
neurosurgical groups focused on angiographic patency,
hemodynamic outcomes or had a mainly neurosurgical
focus [20-27]. Other experiences from France, Italy, and
Germany are mainly based on literature review [10], case
series, or small cohorts [28-31].

North American studies addressing the perioperative
outcome are based on more ethnically mixed cohorts than
typically found in Europe and are, therefore, difficult to
compare [32, 33].

Despite the reported low risk, European neurologists
are still often reluctant to indicate bypass surgery presum-
ably out of fear of a complicated postoperative course or
a low benefit.

Thus, this study was intended to address open ques-
tions from a clinical neurologist’s point of view. Important
points were the analysis of the effect of antiplatelet drugs
on the risk of hematoma and to elucidate if seizures and
other clinical symptoms are related to hyperperfusion syn-
drome or bleedings.

For the first time, we demonstrated a high incidence of
subdural hematoma (60.3%) early after STA-MCA bypass
surgery.

Almost all of these subdural hematomas resolved spon-
taneously. It is remarkable that also subdural hematomas
larger than 9 mm in diameter disappeared during the
3 month follow-up completely. Patients with or without
symptoms did not differ in percentage and diameter of
subdural hemorrhage. Even patients with extended hemor-
rhages remained free from symptoms. There was no sig-
nificant difference concerning percentage and diameter
of subdural hematoma between patients with or without
early restart of aspirin or clopidogrel. However, we have to
acknowledge that possibly, the size of the cohort was too
small to rule out an effect of antiplatelet therapy on sub-
dural hematoma. The review by Yu et al. only briefs com-
ments on subdural hematoma [13]. Andoh et al. reported
three patients who postoperatively developed chronic
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subdural hematoma. It was suspected that a preexisting
brain atrophy might play a role [18]. In our experience,
ipsilateral subdural hematoma is a common (60.4%) but
benign complication of bypass surgery.

Based on our findings, we suggest deciding if antiplate-
let therapy should be restarted based on an early CT scan
performed at day 1 after surgery. The question if the risk of
hematoma outweighs the benefit of preventing early embolic
strokes when considering an early restart of antiplatelet ther-
apy is not an easy one. Due to the small number of diffusion-
restricted spots, the benefit of stroke prevention should be
interpreted with caution. However, from a pathophysiologi-
cal point of view, we believe that longer discontinuation
of antiplatelet therapy could increase the risk of embolic
stroke in MMA. At the same time, our data suggest that an
early resumption of antiplatelet therapy does not seem to
increase the risk of clinically relevant complications due to
subdural hematoma. This is supported by a study from Schu-
bert et al. with 158 patients and 168 operated hemispheres
demonstrating that antiplatelet therapy was not associated
with an elevated risk of hemorrhage or need for revision
surgery [34]. However, the data do not allow predicting
which patient will develop stroke. Age was not a significant
discriminator, although six of seven patients were older than
40 years. Kazumata et al. addressed the question of postop-
erative ischemia in 2014. They evaluated 236 patients and
358 operations. Postoperative ischemia was detected in 4.1%
of patients. The risk was higher in adult patients compared
to pediatric patients (7.9% per surgery) [16].

Hyperperfusion syndrome following direct bypass sur-
gery has frequently been described in Asian patients [14].
The sudden increase in cerebral blood flow combined
with impaired cerebrovascular autoregulation may be the
pathomechanism underlying this phenomenon. Incidences
between 18 and 50% were described in the Asian literature
[35]. Tt is recommended to lower blood pressure as a pre-
ventative measure [13].

Interestingly, our cases diagnosed with hyperperfusion
syndrome on MRI, did not differ clinically from patients
without these MRI findings.

Only few studies have described clinical symptoms as
complication of bypass surgery. With regard to postop-
erative seizures, Jin et al. analyzed 43 patients with 53
operations, including both indirect and direct bypass pro-
cedures [17]. They found postoperative seizures in 10 of
53 hemispheres (18.9%) [17]. A Japanese study by Nari-
sawa et al. analyzed postoperative and suspected a link
between seizures and increase in CBF. Forty-four patients
with 64 operated hemispheres were included in the study
of whom three presented with postoperative seizures
within 1-10 days after surgery [36]. The clinical question
whether transient paresthesia periorally and in the hands
without motor abnormalities represent focal seizures or
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should be summarized as a “cheiro-oral syndrome” has
not been discussed in depth. Sasamori et al. found in 8
of 35 operated hemispheres (22.9%) such transient pares-
thesia and interpreted this as a transient “cheiro-oral syn-
drome”. Whether this phenomenon should be interpreted
as a focal Jacksonian seizure is relevant, as this would
result in a driving ban, in Germany for at least 1 year.
On the other hand, we have not considered these transient
sensory symptoms as an indication for antiepileptic drug
treatment in most cases.

Only one patient reported persistent aphasia accentu-
ated after surgery. However, at the 3 month clinical follow-
up, 3 T MRI revealed no new structural lesions. Therefore,
we interpreted the accentuation of the aphasia as a possible
postictal phenomenon.

Wound healing complications occurred in 3 of 64 pro-
cedures (4.6%) compared to a frequency of 21.4% reported
previously in the literature [37]. A reason for this good
result may be that an one STA—instead of double-type-
STA procedure was used necessitating only a small burr
hole.

In conclusion, our study provides a detailed descrip-
tion of the early postoperative complications in dominantly
Caucasian (95.5%) patients with MMA after revascular-
izing surgery in a single German institution. Clinically
relevant complications were extremely rare with 98%
wellbeing 3 months after surgery. Despite the excellent
prognosis, this study elucidates that subdural hematoma
is a common radiological finding after surgery (60.3%).
Interestingly, subdural hematomas, hyperperfusion syn-
drome, and ischemias in general were subclinical and only
evident in high-resolution MRI. The good spontaneous
prognosis of postoperative subdural hematomas and other
complications should not hide the fact that preoperative
patient information should include the small but evident
risk of serious complications.

Clearly, an interdisciplinary approach is advised and
referral of Moyamoya patients to specialized centers is rec-
ommended as it is a rare disease in Europe [10].

To achieve a better data basis for indications to bypass
surgery, future studies have to clarify the long-term prog-
nosis regarding new strokes and hemorrhages in Caucasian
Europeans.

Conclusion

This study shows excellent prognosis after 3 months after
surgery. The indication for revascularization surgery should
be based on hemodynamic insufficiency.
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