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ABSTRACT

AIM: To evaluate the patients who underwent surgery with a diagnosis of Moyamoya disease (MMD), and to contribute to the
literature from a single-center in Tirkiye.

MATERIAL and METHODS: Patients were evaluated retrospectively based on age, symptoms, history of cerebrovascular events
(CVE), genetic disorders, pre-operative (pre-op) radiological stage, surgical technique, post-operative (post-op) improvement, and
post-op radiological staging. The absence of new CVEs and reduced seizure frequency were considered indicators of clinical
improvement.

RESULTS: A total of 7 patients, 4 of whom had bilateral MMD, underwent surgery. The average age was 11.8 + 5 years. 4 patients
(57%) presented with cerebrovascular events as symptoms, and the remaining 3 patients (43%) presented with headaches. Cranial
digital subtraction angiography (DSA) revealed that the patients were in advanced stages (Suzuki Stage 4.9 + 1.1). Encephalo Duro
Arterio Myo Synangiosis (EDAMS) surgical technique was performed on 10 hemispheres, and a combined bypass (EDAMS + direct)
was performed on 1 hemisphere. Clinical improvement was observed approximately 6 months postoperatively. During follow-
up, disease progression in the contralateral hemisphere with associated symptoms was noted in 4 patients, and these patients
subsequently underwent surgery on the contralateral hemisphere. The average time between the first and second surgeries was 15
+ 7.7 months. Post-operative follow-up was conducted with DSA, and radiological success was defined as Lucia Stage 2 + 0.85. No
clinical difference was observed between craniotomy and craniectomy as surgical techniques. No differences were found between
vessel selection and clinical outcomes.

CONCLUSION: The EDAMS protocol has proven to be an effective treatment method for pediatric patients with MMD. Post-
operative clinical improvements are rapidly observed, followed by radiological improvements. Patients may experience progression
from unilateral to bilateral disease, which can progress quickly.
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B INTRODUCTION

oyamoya disease (MMD), which was first reported
Min 1957, is an idiopathic condition characterized by

nonatherosclerotic progressive stenosis of intracra-
nial arteries, and it typically involves the distal internal carotid
artery (ICA), the proximal branches of the anterior cerebral ar-
tery (ACA), and the middle cerebral artery (MCA). This steno-
sis results in irregular neovascularization and elevates the risk
of infarction and hemorrhage (3,43). Cerebrovascular events
(CVE), including transient ischemic attacks (TIA), stroke, and
hemorrhage, are the most frequent symptoms reported by
these patients (23). Ischemic CVEs are more prevalent in pedi-
atric patients, whereas hemorrhagic CVEs are more common
in adults (10). It is not uncommon for MMD to progress from
unilateral to bilateral involvement, and the brain parenchyma
can be affected unilaterally or bilaterally (27).

The diseased prevalence is 0.086 per 100,000 individuals,
with the highest prevalence among Japanese children (6.03
per 100,000) (36). MMD exhibits a bimodal age distribution,
with peaks at ages 5-9 and 35-50 years, and it predominantly
affects females (8).

Although medical and endovascular techniques have been
employed in treatment, their long-term efficacy is restricted
(16,17,33). Currently, surgical revascularization techniques in-
cluding direct and indirect bypass are considered as the most
effective treatment modality for MMD (33).

This study aimed to contribute to Turkish literature by sharing
our surgical experiences and clinical outcomes related to this
disease.

B MATERIAL and METHODS

The Institutional Review Board approved the study (Baskent
University Clinical Research Ethics Board, KA24/348,
09/10/2024).

Table I: Suzuki Grading System (42)
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The data of seven patients who underwent surgical treatment
for MMD in our clinic between January 2019 and January
2024 were retrospectively evaluated. During the postoperative
follow-up, progression in the contralateral hemisphere was
noted in 4 of these patients who underwent surgery on the
contralateral hemisphere, resulting in a total of 11 hemispheres
that were operated on. The symptoms, radiological findings,
and surgical techniques employed during the second surgery
in the bilaterally operated patients were also documented.
Antiepileptic drug (AED) treatments and acetylsalicylic acid
(ASA) were either maintained at an appropriate dosage or
introduced in the drug regimen of all patients.

Cerebral digital subtraction angiography (DSA) and brain
magnetic resonance imaging (MRI) were employed for pre-
operative and postoperative follow-up imaging. DSA follow
ups were performed every six months for the first year and
annually thereafter. Interventional radiologists, blinded to the
patient data, conducted the radiological staging. The Suzuki
staging system was utilized for preoperative staging, while the
radiological staging system described by Lucia et al. was em-
ployed for postoperative follow-up (30,42).

Suzuki staging is based on conventional angiographic find-
ings and classifies the MMD progression into six stages (Table
l) (42). The staging system described by Lucia et al. is also
angiography-based, and assesses distal perfusion following
a superficial temporal artery (STA)-MCA anastomosis (Table
1) (30).

Surgical Technique

Direct by-pass in one patient and indirect by-pass (enceph-
aloduroarteriomyosynangiosis (EDAMS protocol) in the other
surgical procedures were performed. The primary aim of the
EDAMS protocol is to establish anastomosis between the
STA and MCA to enhance perfusion. All patients were placed
in a supine position with the head completely turned to the
contralateral side. Mild hypertension and hypercapnia were

Stage | Narrowing of Terminal ICA

Stage I Initiation of moyamoya vessels in basal carotid circulation, dilation of intracerebral arteries

Stage Il Intensification of moyamoya vessels, severe carotid stenosis, defection of ACA and MCA

Stage IV Minimization of moyamoya vessels, defection of PCA

Stage V Further reduction of moyamoya, disappearance of major cerebral arteries

Stage VI Disappearance of moyamoya collaterals and ICA, cerebral blood supply comes from external carotid arteries via

leptomeningeal anastomoses

Table lI: Angiographic Staging System Proposed by Lucia et al. (30)

Stage Definition Findings

| Poor No filling of the MCA territory

Il Moderate Antegrade filling of one or two MCA branches
] High Complete filling of the MCA territory
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preferred for preventing perfusion disruption and facilitating
technical ease via vasodilation. A skin Doppler was employed
to trace the STA and its branches, and these were evaluat-
ed along with DSA imaging. A question mark-shaped incision
was utilized to increase arterial mobilization in patients with an
increased distance between the artery and the Sylvian fissure.
For patients with a reduced distance, a linear incision was im-
plemented. The STA was employed as the donor artery in all
surgeries. After performing an appropriate skin incision, the
STA was dissected in accordance with microvascular surgical
principles, ensuring 360-degree isolation, and it was suspend-
ed. The temporal muscle was then incised in a cruciate shape
and suspended. After two burr holes were made, a circular
craniotomy was performed. Subsequently, a cruciate opening
was created in the dura mater, preserving the middle menin-
geal artery as much as possible, and the edges were folded
inward. Following the opening of the Sylvian fissure, the STA
was sutured to the pia near the MCA using microvascular sur-
gical techniques (Figure 1). The tissue adhesive was applied
without suturing the dura mater, and standard closure proce-
dures were performed.

Craniectomy was preferred to craniotomy in cases where the
selected STA branch’s thickness was deemed insufficient to
ensure adequate perfusion to maximize the contact between
the temporal muscle and the brain parenchyma without
replacing the bone. In other cases, the craniotomy flap was
affixed to the intact bone.

The presenting symptom, age at initial symptom onset,
sex, preoperative ischemic events, presence of syndromes,
consanguinity, and a history of genetic diseases in the patient
or their family were analyzed. Furthermore, data regarding the
surgical technique, skin incision type, donor artery, preference
for craniotomy or craniectomy, perioperative complications,
symptoms during follow-up, and the interval between the first
and second surgeries were obtained. The absence of new
ischemic events or hemorrhage, reduced seizure frequency,
improved ischemic findings, and the absence of new ischemic
events or hemorrhage were regarded as indicators of clinical
improvement during the postoperative period.

B RESULTS

The average age of the patients at initial presentation was
11.8+5 years. Only one patient was male, while the remaining
six were female (M/F ratio: 1/6). At initial presentation, two
patients (28%) exhibited hemiplegia/paresis, two (28%)
presented with monoplegia/paresis, and three (43%)
experienced headaches. One of the patients with hemiplegia
also reported a history of focal seizures (14%). Vomiting
was noted as an additional symptom in two patients. Upon
reviewing the patients’ medical histories, it was observed that
one patient had been previously diagnosed with migraines,
while another had been experiencing headaches and nausea/
vomiting attacks for four years.

Regarding genetic predisposition, one patient had Down
syndrome, another had Poland syndrome, while a third was
being monitored for NF-1. Genetic screening for MTHFR,
factor V, prothrombin, and prothrombin activator inhibitor
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Figure 1: Intraoperative imaging during the EDAMS procedure.
Please check “Surgical Technique” and/or “Surgical Videoclip” for
attention in details.

(PAI) mutations was performed in four out of seven patients.
A heterozygous MTHFR mutation was present in one patient,
while a homozygous mutation was present in the other.
The patient with the homozygous mutation had a history of
consanguinity. Genetic screening data for the remaining three
patients could not be retrieved due to follow-up at other
centers. DSA performed preoperatively revealed that the
patients were predominantly in the advanced stages of the
disease (Suzuki stage 4.9 + 1.1).

Antiepileptic drugs (AEDs) were administered by a pediatric
neurologist following the initial diagnosis in four patients (one
on carbamazepine, three on levetiracetam). Levetiracetam
was administered perioperatively as AED prophylaxis to the
remaining three patients. The treatment doses for patients
who were already receiving AEDs preoperatively were not
modified. AEDs prescribed prophylactically were altered or
tapered based on clinical and EEG-based monitoring under
the guidance of the pediatric neurologist. The prophylactically
prescribed AEDs were discontinued within three months
postoperatively. All patients were administered aspirin (ASA)
at an appropriate dose (100 mg) based on their body weight,
which was Continued postoperatively.

Seven patients underwent surgery, with 11 hemispheres being
operated on, including bilateral operations in four patients.
The EDAMS protocol was implemented in ten hemispheres
(91%), while the combined bypass technique [direct +
indirect (EDAMS)] was performed in one hemisphere (9%).
A longitudinal linear incision anterior to the tragus was used
in seven hemispheres (63%), while a question mark-shaped
incision was utilized in four hemispheres (36%). The frontal
branch of the STA was used in three hemispheres (27%), the
parietal branch in four hemispheres (36%), and both the major
branches of the STA in four hemispheres (36%). Craniotomy
was performed to access three hemispheres (27%), while
craniectomy was performed for acessing the remaining eight
hemispheres (63%).

In the early postoperative phase, one patient developed an
epidural hematoma, requiring reoperation. The remaining



patients did not experience any additional early postoperative
complications. One patient experienced a focal seizure on
the fifth postoperative day. In terms of surgical success, no
clinical difference was observed between craniotomy and
craniectomy. The question mark incision technique was
implemented in four surgeries, while linear incisions were
used in seven surgeries. Two patients with question mark-
shaped incisions experienced wound dehiscence following
suture removal; these wounds were allowed to heal through
secondary intention. No wound complications were observed
in patients with linear incisions. No clinically significant
difference in outcomes was observed based on the choice of
donor artery.

The follow-up period was 30.57 + 14.48 months. No lateralizing
symptoms were idenified on the side of the body innervated
by the operated hemisphere during the follow-up period. Two
patients reported persistent headaches, the intensity of which
decreased following the initial surgery and did not continue to
affect their quality of life (18%). Unrelated to the surgery, one
patient developed stage 2 essential hypertension and was
initiated on antihypertensive therapy.

Based on the radiological findings, bilateral involvement was
observed in three patients at the time of diagnosis. One of
these patients experienced stroke-like symptoms on both
sides of the body, including left upper limb plegia and right
upper limb paresis (power: 4/5). The right hemisphere, which
was the more symptomatic side, was operated on first. The left
hemisphere was operated one year later, as planned. The other
two patients were symptomatic on only one side of the body;
therefore, the symptomatic hemisphere was operated on first.
These patients were monitored for contralateral symptoms,
and a second surgery was scheduled when the symptoms
manifested. However, in one patient, the second surgery
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was postponed for more than 24 months due to insurance
coverage issues. In another patient, the unilateral disease
was diagnosed initially; however, subsequent DSA revealed
the involvement of the contralateral hemisphere. Therefore,
contralateral surgery was performed after the patient became
symptomatic. Hypesthesia was the most prevalent symptom
in all patients who underwent bilateral surgery. None of the
patients developed early postoperative complications. The
average duration between the first and second surgeries was
15 + 6 months (Table llI).

According to the first post-operative DSA performed at 6
months Lucia stage was 1.81 + 0.87. Last radiological stage
based on last DSA was identified as 2 + 0.85 (Figure 2, 3)
(Table IV). Although there were insufficient data to make a
statistical assessment, there was no significant difference
between early and late results.

B DISCUSSION

Moyamoya disease is a cerebrovascular condition character-
ized due to ischemic and hemorrhagic stroke caused by ste-
nosis or occlusion at the terminal ICA and ACA-MCA proximal
regions, although its pathophysiology remains incompletely
understood. Moyamoya syndrome refers to similar clinical and
vascular manifestations observed in patients with underlying
conditions such as autoimmune diseases, meningitis, cranial
tumors, Down syndrome, NF-1, or cranial radiation exposure
(27). Although it does not meet the diagnostic criteria for Moy-
amoya disease, it has been linked to sickle cell anemia, renal
artery stenosis, antiphospholipid syndrome, and intracranial
atherosclerotic disease (39). The diagnostic criteria most re-
cently revised by the Moyamoya Disease Research Commit-
tee in 2021 (27). The definitive diagnosis is determined based
on angiography. Historically, DSA was essential for a definitive

Table llI: Involved Side, Symptomatology, Surgery, and Follow-Up Chart of Study Participants

Total

Initial radiologic
involvement site

7 patient

4 unilateral
involvement

3 bilateral involvement:

1 bilateral

Initial symptomatology

Surgery 1st. right 2nd.
left (1 year])

Follow up
on the right

symptomatology

Serious symptomatology

4 unilateral
symptomatology

2 unilateral
symptomatelogy

3 unilaterally operated

Symptoms from on one side

contraside and operated
contralaterally (6,24
month)

1 become symptomatic
contraside and operated
in 18 months

Turk Neurosurg 36(1):64-73, 2026 | 67
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diagnosis; however, current diagnostic protocols may utilize
MR angiography. DSA may still be implemented in the event of
diagnostic uncertainty or for temporal imaging (27,33). Surgi-
cal revascularization is recognized as the most effective treat-
ment for the disease (34).

In our case series, we noted that most patients were female
(F:M = 6:1). Epidemiological studies in the literature have also
suggested a higher disease prevalence among females, with
a general female predominance ratio of 1-2:1 (37,48). The

Table IV: DSA Results of Procedures

female-to-male ratio was 4.25:1 in a case series conducted
by Kraemer and colleagues in Germany (25).

The absence of adult patients in our study cohort is
inconsistent with Moyamoya'’s bimodal age distribution (mean
age 11.8 + 5 years) (37,48). This could be attributed to the
fact that our center has only recently begun administering
Moyamoya treatments within the past four years as well
as a result of our collaboration with the pediatric neurology
department, leading to a predominance of pediatric patients
in our study population.

Number of Patient Pre-operative

Post-operative Lucia stage on Lucia stage on last DSA

Procedures Number Side Suzuki stage 6" month DSA (Follow-Up)
1 1 Right 6 2 3 (3" year)
2 1 Left 4 1 1 (2" year)
3 2 Right 5 2 2 (6™ month)
4 2 Left 5 1 1 (2" year)
5 3 Right 2 1 1 (6™ month)
6 3 Left 5 2 2 (2™ year)
7 4 Right 5 1 2 (2 year)
8 5 Right 5 3 3 (2™ year)
9 6 Right 6 3 3 (2" year)
10 6 Left 5 3 3 (12" month)
11 7 Left 6 1 1 (6™ month)

Figure 2: A) Classic “puff of smoke” sign observed on pre-operative DSA imaging of the patient, B) In the fourth year of postoperative
follow-up, white arrow mentioned anastomosis site. The Moyamoya disease-involved arteries have disappeared and the MCA filling now

occurs through the ECA.
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Figure 3: DSA images of another patient who underwent bilateral EDAMS protocol: A) preoperative, B, C) patient’s 6" month and 18"

Durdag E. et al: Treatment of Moyamoya Disease

follow-up (right), D) preoperative, E, F) patient’s 6" month and 18" follow-up (left). White arrow mentioned anastomosis sites.

There are two principal methods for managing patients with
bilateral disease: simultaneous bilateral surgery or a two-
stage approach, in which the more symptomatic hemisphere
is operated initially. Xu et al. demonstrated that patients who
underwent simultaneous bilateral surgery had longer hospital
stays, a greater incidence of postoperative ischemic stroke,
and a shorter stroke-free survival compared to those who
underwent staged surgeries (47). Deckers et al. have shown
that unilateral surgery in patients with bilateral involvement also
enhances perfusion in the contralateral hemisphere (7). Given
that our patient population was pediatric and considering the
higher risks associated with bilateral surgery, we selected a
two-stage surgical approach. Our objective in monitoring
patients during asymptomatic periods was to gain a more
comprehensive understanding of the natural progression
of the disease. The interval between operations was 15 + 6
months in the four patients who underwent bilateral surgery.

During the second year of DSA-based monitoring, one patient
initially exhibited unilateral involvement; however, progression
to the contralateral hemisphere was observed. Existing
literature indicates that patients with unilateral involvement can
progress to develop bilateral disease; thus, the 2021 revision
of the Moyamoya Diagnostic Criteria now includes patients
with unilateral MMD (27). Lee and colleagues found that 29%

of patients progressed from unilateral to bilateral disease in
their investigation of young adults (29). Conversely, Church
et al. reported a lower rate of 8.3% (5). Kelly et al. found a
38% progression rate, with an average time of 12.7 months
(20). A mean progression time of 43.7 months was reported
in another study (28). We recommend close monitoring of the
diagnosed patients for potential disease progression. Bilateral
progression in one of our four patients with initial unilateral
involvement by the second postoperative year is consistent
with the literature.

In pediatric patients with CVE, genetic and metabolic
disorders should be considered. We conducted a differential
diagnosis by assessing the homocysteine levels, factor V,
prothrombin, prothrombin activator inhibitor (PAl), and MTHFR
mutations in our patients. Unlike MMD patients, those with
homocystinuria exhibit significant clinical improvement by
normalizing homocysteine levels through vitamin B12 and
folate supplementation (9). In two patients, the homocysteine
levels were marginally elevated. Due to the absence of the
characteristic phenotypes associated with homocystinuria
(mental retardation, atypical facies, lens subluxation), MMD
was considered the primary diagnosis, with the MTHFR
polymorphism identified as a risk factor. Although all of our
patients underwent MTHFR gene screening, the current
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literature suggests that MTHFR analysis without homocysteine
level assessment is unnecessary (35). Nevertheless, due to
the increased risk of thrombosis associated with elevated
homocysteine levels, vitamin B12 and folate supplementation
were administered, and homocysteine levels were regularly
monitored.

In 3 of our 7 patients, syndromic diseases were noted. One
patient had Down syndrome, and another was diagnosed with
NF-1. The association of these conditions with MMD has been
documented in literature. Therefore, in patients with these
syndromes, the presence of neurological symptoms should
prompt the consideration of MMD as a differential diagnosis
(44). One of our patients had Poland syndrome, and to our
knowledge, this is the first reported case of the coexistence
of MMD and Poland syndrome. Although there is insufficient
data to ascertain whether this is incidental, this association
may offer a novel insight into the pathogenesis of MMD. The
high number of patients with syndromes in our study could
be attributed to the fact that our patient population was
predominantly from the Eastern and Southeastern Anatolia
regions of Turkey, which are known for their high ethnic
diversity (45).

It was observed that most patients experienced prodromal
symptoms prior to their initial presentation. These nonparetic
symptoms may result in a delayed diagnosis, as MMD is a
rare disease and does not always manifest with the typical
symptoms of CVE (14). Non-paretic symptoms in these
patients can be misinterpreted as epileptic seizures, and
similarly, epileptic seizures may be confounded with stroke
or transient ischemic attack (TIA) (14,46). These scenarios
underscore the significance of EEG and perfusion imaging
in such cases (46). At the initial presentation, four patients
(57%) presented with ischemic stroke, while three patients
(43%) reported headaches. One of the patients with ischemic
stroke also experienced focal seizures (14%). These findings
are consistent with previous studies, indicating that MMD
presents differently from other ischemic strokes (4,18,19,35).

In terms of revascularization, both direct bypass (STA-MCA)
and indirect bypass techniques are accessible. In direct by-
pass, a patent artery is connected to the affected artery’s dis-
tal segment. Conversely, indirect revascularization involves
the placement of a patent artery or tissue supplied by an artery
in contact with the brain parenchyma to facilitate spontaneous
vascularization (12). Indirect techniques, including encepha-
loduroarteriosynangiosis (EDAS), encephalomyosynangiosis
(EMS), encephalomyoarteriosynangiosis (EMAS), encepha-
loduroaortic synangiosis (EDAMS), and omental transplan-
tation, have been developed (12). These techniques are fre-
quently preferred in patients possessing a cortical artery that
is suitable for anastomosis. However, there are concerns that
indirect methods alone may be inadequate to prevent isch-
emia (4). Fujimura et al. reported that direct STA-MCA anas-
tomosis is safe and effective for all age groups (11). Certain
studies indicate that the direct bypass technique is more ef-
fective for achieving radiological improvement, as it rapidly re-
solves hypoperfusion (22,32). However, direct bypass surgery
also carries risks, primarily due to the fragility of the vascular
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walls in these patients, necessitating the use of precise sur-
gical techniques. Another potential complication of the direct
bypass technique is postoperative hyperperfusion injury (26).
The current literature is divided on the advantages of direct
versus indirect bypass techniques.

The EDAMS technique was employed at 91% of the cerebral
bypass surgeries in our clinic. The donor arteries were chosen
based on the distance of the STA branches from the Sylvian
fissure and their diameter. A combined direct-indirect bypass
technique was performed in one patient, as the STA and
MCA branches were considered appropriate for anastomosis
due to their larger diameter. In other cases, the risk of
anastomosis was deemed excessive due to the small size of
the STA branches. Rapid clinical improvement was observed
postoperatively, and no new neurological findings were
noted on the affected side. Our clinical experience suggests
that indirect bypass can vyield favorable results in pediatric
MMD patients. However, given our limited experience with
direct bypass, assessing the superiority of different surgical
techniques is beyond the scope of this study.

Although data are insufficient for establishing statistical
significance, we observed that epithelialization was completed
by postoperative day 14 in patients with linear skin incisions,
and scabs were fully resolved. Conversely, wound healing did
not progress as quickly in patients with question mark-shaped
incisions, and two patients experienced wound dehiscence.
Linear incisions seem superior as they preserve skin perfusion
and facilitate easier suturing. This observation is consistent
with the results of previous studies (1).

In terms of complications, one patient (14%) experienced early
postoperative epidural hemorrhage, while another experienced
focal seizure during the first postoperative week (14%). No
new ischemic stroke occurred in the operated hemispheres
of any patient. In a 2024 review conducted by Batista et al.,
hemorrhagic, ischemic, and epileptic complications were
reported at rates of 4%, 6%, and 3%, respectively, with no
significant difference in the complication rates between the
pediatric and adult populations (2).

In 3 of the 11 surgeries that were performed, a craniectomy
was conducted, while the other 8 entailed a craniotomy. In
all cases, the bone flap was removed employing a single-
burr keyhole technique with an average diameter of 4 cm.
The objective was to reduce the surgical field and mitigate
the risk of potential hemorrhage or parenchymal injury.
Shimizu et al. have reported that larger craniotomies elevate
the risk of surgical complications (38). Nevertheless, there
is no consensus on the optimal craniotomy size, as larger
craniotomies may expand the area of indirect revascularization,
a critical factor in postoperative progression (26). Considering
that potential complications in pediatric patients could be
more severe, we opted for a craniotomy size of approximately
4 cm? in all patients.

While the Suzuki staging system is the standard for the
radiological classification of MMD, multiple classifications
have been proposed for evaluating vascular structures
postoperatively, and no consensus has been reached in the



literature (6,31). For the radiological follow-up of our patients,
we employed the classification described by Lucia et al.,
which is simple to understand and practical to implement. This
classification also demonstrated positive surgical outcomes
(30).

Our clinical experience indicates that clinical symptoms are
likely to develop after a significant occlusion is detected
radiologically. Clinical improvement typically manifests within
the first six months of the postoperative period, followed by
radiological improvement. However, clinical improvement
was also noted in three patients without the evidence of
angiographic improvement. This could be attributed to an
increase in perfusion, even if there was no morphological
evidence of new vessel formation. So et al. observed that
MR perfusion SPECT results significantly correlated with
clinical outcomes, although SPECT and angiographic findings
were not always correlated (40,41). We believe that digital
subtraction angiography (DSA) is essential for bypass patency
assessment. Clinical follow-up and angiography alone may
not always be sufficient. The growing availability of 3 Tesla
MR and perfusion imaging provides more comprehensive
information and can serve as a supplementary follow-up
method in managing MMD in addition to direct angiography
(21).

Study Limitations

The study’s results were consistent with the literature, and
certain relationships could be established. However, the
small sample size undermines the ability to conduct statistical
analyses. A more extensive, multi-center study is required.
Another study limitation is the absence of genetic studies on
the patients. Han et al. demonstrated that the prevalence of
asymptomatic familial Moyamoya disease (MMH) is higher
than anticipated through family screening using transcranial
Doppler ultrasonography (18). In our study, the absence
of family screening resulted in the scarcity of information
regarding the familial background of our patients. Investigating
genes associated with MMD and performing family screenings
may provide valuable insights for future research, particularly
given our patient population’s high rate of consanguineous
marriages. Transcranial Doppler ultrasonography could be a
cost-effective and noninvasive screening procedure for family
members in our country.

Although the surgery demonstrated symptomatic benefits,
no follow-up was conducted to assess the status of patients’
social reintegration or participation in daily life. Tools such
as the Modified Rankin Scale or Pediatric Stroke Outcome
Measure could be employed in this regard (15,24). Because
the patients in our study were from the pediatric population,
it is crucial to determine the extent to which they benefit from
surgery and how they cope with such a condition and adapt
to social life (13). The absence of psychological, mental, and
social participation assessments during preoperative and
postoperative follow-up restricts our understanding in this
area.

From a radiological standpoint, the lack of perfusion imaging
in the patients implies that, while increased vascular filling
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could be demonstrated via DSA, it is insufficient in providing
quantitative data when compared to MRI or CT perfusion
imaging (40). Additionally, the fact that all surgeries were
conducted by a single surgeon in a single clinic setup
introduces potential bias, further limiting the data reliability.

B CONCLUSION

The EDAMS protocol is an effective surgical technique for
treating Moyamoya disease. Although the global literature
on the disease has advanced significantly, the absence
of sufficient studies in our country renders this research
important in contributing to the literature. Future studies and
long-term follow-ups should assess the epidemiology and
genetic background of Moyamoya disease in Turkey, as well
as the comparison of various surgical techniques.
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