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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Decreased cerebral blood flow (CBF) leads to impaired 

cerebral hemodynamics, which causes an increased risk of 
stroke. Revascularization has been shown to improve CBF 
in patients with moyamoya disease. The study is devoted 
to the retrospective study of clinical features and cerebral 
hemodynamic characteristics of 17 patients with moyamoya 
disease before, during and after surgical treatment using 
extracranial-intracranial (EC-IC) bypass by STA-MCA type. 
Patients underwent superficial temporal artery-middle cerebral 
artery bypass surgeries. All patients were carried out by DSA, 
MSCT-angiography, and MSCT-perfusion imagine (MSCTPI) 
before and 6 months after surgery. The hemodynamic 
parameters during MSCTPI, changes in cerebral vascular 
pattern, and clinical outcomes were evaluated. Cerebral blood 
flow and mean transit time (MTT) were measured using 
MSCT-perfusion imaging to identify areas of hypoperfusion. 
Intraoperative indocyanine green (ICG) analysis was performed 
to assess local cerebral hemodynamics before and after 
the creation of the STA-MCA bypass. Results showed that 
hemodynamics improved significantly on the surgery side after 
revascularization. After STA-MCA bypass CBF increased and 
MTT reduced by almost 2 times compared to the level before 
the bypass. The modified Rankin Scale scores demonstrated an 
improvement in the neurological status of patients following 
surgical revascularization. Thus, STA-MCA-type surgical 
revascularization significantly improved cerebral perfusion 
parameters and reduced the risk of stroke in patients with 
moyamoya disease. MSCTPI can serve as an effective and 
noninvasive method for monitoring cerebral hemodynamics in 
these patients. Intraoperative ICG angiography is a safe method 
that can display hemodynamic characteristics in the surgical 
area.

Key words. Moyamoya disease, neuroimaging, intraoperative 
intravenous indocyanine green angiography, extra-intracranial 
microvascular bypass.
Introduction.

Moyamoya disease (MMD) is a chronic, progressive, 
occlusive-stenotic disease of the cerebral vessels of unknown 
etiology that involves gradual hyperplasia of smooth muscle 
cells with the concomitant development of critical stenoses or 
occlusions of proximal cerebral vessels [1]. This process results 
in compensatory distal vasodilation and the formation of an 
abnormal network of vessels in the basal brain regions, known 
as moyamoya vessels. Critical stenotic lesions of the internal 
carotid arteries (ICA) are one of the causes of cerebral ischemia 
in MMD, resulting in a progressive decrease in blood flow to 
the brain. MMD was first described by Japanese neurosurgeons 

Takeuchi and Shimizu in 1957 [2]. The Ministry of Health 
and Welfare of Japan defines four types of MMD: ischemic, 
hemorrhagic, epileptic, and 'other'. Patients with MMD with 
moderate arterial hypotension and/or hyperventilation have a 
very high risk of cerebral stroke. In cases of arterial hypertension, 
there is also an increased risk of intracerebral hemorrhage due 
to the fragility of anastomotic vessels [1]. Clinical symptoms in 
most patients are determined by the following causes: cerebral 
ischemia (transient ischemic attacks, seizures, stroke) and a 
compensatory response to progressive ischemic brain damage. 
These include headache, which may be associated with dilated 
transdural collaterals, or intracerebral hemorrhage resulting 
from ruptured moyamoya vessels. As a rule, the ischemic course 
of the disease is predominant in childhood and the hemorrhagic 
course in adults [2]. MMD is more commonly diagnosed in 
young patients. Prolonged hypoperfusion due to the progression 
of the disease and insufficiency of collateral circulation can lead 
to irreversible brain damage. This can result in the development 
of multiple ischemic strokes and intracerebral hemorrhages, 
ultimately causing severe disability and a poor prognosis [3]. 

The progression of the disease increases the risk of 
cerebrovascular disorders, which may require surgical treatment. 
The treatment of MMD is determined by the aggressiveness of 
its progression. Collateral circulation provides some alternative 
means of maintaining cerebral perfusion, but this compensation 
is usually inadequate and/or unbalanced [4]. The goal of MMD 
treatment is to ensure adequate collateral blood flow, which 
can significantly reduce the risk of stroke. Currently, the most 
effective treatment for MMD is surgery to reduce the risk of 
stroke by restoring adequate cerebral blood flow (CBF) [5,6]. 
There are three types of surgical treatment for MMD: direct 
revascularization of the brain using extra-intracranial bypass, 
indirect revascularization by placing vascularized tissue over 
the cerebral cortex, and combined revascularization. Any of 
these techniques aims to supplement or restore cerebral blood 
flow in the area of hypoperfusion. They are recommended to 
improve cerebral blood flow and brain perfusion, reduce the 
risk of stroke, and improve neurocognitive functioning [7,8]. 
The most common method of restoring blood flow in MMD 
is surgical revascularization by creating an extra-intracranial 
microanastomosis between the superficial temporal artery and 
the cortical branch of the middle cerebral artery (EICMA by the 
STA-MCA bypass) [9].

Radiological diagnostics, including visualization of the 
moyamoya vascular network and decreased brain perfusion, 
is important in establishing the diagnosis of the disease [10]. 
Cerebral blood flow can be assessed by various neuroimaging 
techniques, including single-photon emission computed 
tomography and magnetic resonance perfusion imaging. 



13

Multislice computed tomographic perfusion imaging 
(MSCTPI) of the brain is one of the modern techniques that 
allow rapid and qualitative determination of indicators of 
cerebral hemodynamics in these areas of the brain, provides the 
necessary data to predict the course of the disease, determines 
appropriate treatment strategies, resolve the issue of surgical 
revascularization, and allows monitoring of blood supply to the 
brain in the early and extended postoperative periods.

Our study aims to analyze the possibilities and results of 
surgical revascularization of moyamoya disease by forming an 
extra-intracranial microanastomosis of the STA-MCA bypass 
using neuroimaging methods in different stages of surgical 
treatment.
Materials and Methods.

The analysis is based on the results of a retrospective study 
conducted as part of the research projects of the State Institution 
«Romodanov Neurosurgery Institute, National Academy of 
Medical Sciences of Ukraine» (2016–2024 рр.): «To determine 
the effectiveness of surgical revascularization in patients 
with cerebral vascular disease» (State registration number 
No0116U001037); «To study the peculiarities of ischemic 
brain damage manifestations during surgical treatment of 
cerebrovascular diseases and ways of their correction» (State 
registration number No0122U000332).

Patient selection. A retrospective analysis of the results 
of the examination and surgical treatment of 17 moyamoya 
disease patients (7 males and 10 females, between 16 and 70 
years old) who were undergoing examination and treatment in 
the Emergency Department of Vascular Neurosurgery of the 
State Institution «Romodanov Neurosurgery Institute, National 
Academy of Medical Sciences of Ukraine» from 2016 to 2023. 

The study was approved by the Ethics and Bioethics 
Committee of the State Institution «Romodanov Neurosurgery 
Institute, National Academy of Medical Sciences of Ukraine». 
All patients were informed about the study procedures and gave 
written informed consent by the World Medical Association's 
Declaration of Helsinki for the Ethical Principles of Scientific 
Medical Research Involving Human Subjects (1964-2008), 
the European Society Directive 86/609 on the Participation 
of Human Subjects in Biomedical Research, and the Order of 
the Ministry of Health of Ukraine as amended by No. 690 of 
23.09.2009.

Inclusion criteria for the study were: 1 - Diagnosis of MMD 
according to recommendations [11]; 2 – Age between 16 and 
70 years old; 3 – Results of previous studies of cerebral digital 
subtraction angiography (DSA) and MSCTPI of the brain 
(if available); 4 – Stable preoperative condition, absence of 
acute cerebrovascular disease (no new cerebral hemorrhage or 
ischemic stroke, frequent transient ischemic attacks (TIAs) (> 
2 times per week); 5 – Absence or previous results of surgical 
revascularization for CBF reconstruction (STA-MCA bypass); 
6 – Consent to monitoring cerebral perfusion and informed 
consent to process study results.

Exclusion criteria for the study were: 1 – Detection of 
concomitant cerebrovascular disease such as aneurysms or 
vascular malformations during angiographic examination in 
patients with MMD; 2 – Acute period of stroke; 3 – Inability 

to conduct research due to constitutional peculiarities such 
as cognitive impairment or mental disorders; 4 – The study's 
quality is substandard or does not meet standard visualization 
practices; 5 – Missing patient clinical data and refusal to process 
test results.

Patients underwent a comprehensive clinical examination that 
included neuropsychological testing, Doppler ultrasound of 
head and neck vessels, multislice spiral computed tomography 
(MSCT), and MSCT perfusion imaging of the brain, as well 
as cerebral digital subtraction angiography before and after 
surgery. All patients diagnosed with MMD exhibited severe 
symptoms, as shown in Table 1. The modified Rankin Scale 
(mRS) was assessed during hospitalization and at follow-up. The 
moyamoya vessels were assessed following the angiographic 
staging of MMD by the Suzuki and Takaku classification [12]. 

Table 1. Clinical characteristics of the patients with moyamoya disease.
Characteristics All cases
No. of patients 17
No. of hemispheres а 22
Age (years) b 35.06±10.42
Sex a

 Male 7 (41.2%)
 Female 10 (58.8%)
Premorbid history a

 Hypertension 14 (82.4%)
    Headache 17 (100%)
    Аmaurosis (геміанопсія) 2 (11.8%)
 Diabetes 3 (17.6%)
 CHD 2 (11.8%)
 Smoker 2 (11.8%)
Damage to the cerebral hemispheres a

 Bilateral 5 (29.4%)
 Right 4 (23.5%)
 Left 8 (47.1%)
Clinical symptoms onset a

    TIA 17 (100%)
 Ischemia 16 (94.1%)
 Hemorrhage 1 (5.9%)
Preoperative mRS score а

 0                                0 (0%)
    1 0 (0%)
    2 15 (88.2%)
 3 1 (5.9%)
    4 1 (5.9%)
Surgical side a

 Right 6 (35.3%)
 Left 11 (64.7%)
Postoperative stroke in acute phase
    TIA 1 (5.9%)
 Ischemia 0 (0%)
 Hemorrhage 0 (0%)
Postoperative mRS score а

 0 2 (11.8%)
    1 7 (41.2%)
    2 8 (47.0%)
Notes: CHD – chronic heart disease; TIA – transient ischemic attack; mRS 
– Modified Rankin Scale. а – Percentage (%). b – Mean value ± SD.
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Cerebral digital selective angiography (DSA) was performed 
using an Allura Xper FD20 Philips angiograph (Netherlands). 
Staging of MMD according to the Suzuki and Takaku 
angiographic scale was performed based on the results of DSA 
[26]. Diagnostic criteria were: 1 – Uni-/bilateral stenosis or 
occlusion of the distal segment of the internal carotid artery 
(ICA) and/or the initial segment of the anterior cerebral artery 
and/or MCA; 2 – Abnormal network of moyamoya vessels in 
the basal parts of the skull, visualized in the arterial phase of 
DSA. 

Multislice computed tomographic angiography (MSCTA) of 
cerebral vessels was performed using multislice spiral computed 
tomography, the Toshiba Aquilion Prime 160 (Japan).

Multislice computed tomographic perfusion imaging 
(MSCTPI) of the brain. Cerebral hemodynamics were studied 
using MSCTPI, following the standard method, with a 
multislice spiral computed tomography, the Toshiba Aquilion 
Prime 160 (Japan). MSCTPI was performed before and after 
surgical treatment at 3 and 6 months. The Vitrea workstation 
software was used to process the information received. 
Perfusion hemodynamic parameters (cerebral blood volume 
(CBV, ml/100 g); cerebral blood flow (CBF, ml/100 g/min); 
mean transit time (MTT, s)) was recorded and evaluated in 
symmetrical sections of perfusion maps. The resulting perfusion 
maps are axial plane CT images corresponding to 4 slices of 
1cm brain tissue. Regions of interest (ROIs) in each cerebral 
hemisphere (the medial prearterial cortex (M1), the extrainsular 
cortical area of the MCA (M2), the posterior middle cortex 
(M3), and the basal ganglia) were defined based on the Alberta 
Stroke Program Early CT Score. After registration, the mean 
values of CBF, and MTT in each flow territory were analyzed. 
The location and grade of vasculopathy (occlusion or severe 
stenosis) of each patient were identified.

Surgical treatment. Indications for surgical treatment were 
determined based on medical history, neurological status, 
diagnostic criteria, and neuroimaging findings. Preoperative 
planning included ultrasound Doppler, DSA, and identification of 
a potential donor artery for extra-intracranial microanastomosis 
(EICMA).

In the complex treatment of MMD, all patients underwent 
surgical revascularization with the formation of EICMA by 
STA-MCA bypass (Figure 1). Patients were prepared for 
surgery according to generally accepted rules. The surgical 
intervention was performed under intravenous anesthesia with 
artificial lung ventilation without any deviation from the general 
principles of general anesthesia in patients with cerebrovascular 
disease. Blood pressure was maintained at baseline. The 
EICMA procedure was performed under a microscope using 
microsurgical instruments, a Söring bipolar microcoagulator, 
and microsutures with Ethicon 10/0 barbed atraumatic needles. 
The operation of EICMA overlay between the external carotid 
artery and the cortical branches of the MCA included the 
following sequential steps: 1 - Y-shaped or arcuate incision 
of the skin and soft tissues in the frontotemporal region; 2 - 
Isolation of the donor’s vessel from the soft tissues of the head; 
3 - Osteoplastic craniotomy in the temporal-frontal region 
measuring about 6.0×6.0 cm to visualization and access to 

cortical vessels; 4 - Isolation of the cortical artery (segment M4 
or M5 of the MCA); 5 - Preparation of vessels for anastomosis 
and temporary occlusion of the recipient artery; 6 - Vascular 
suturing (STA - MCA bypass of the "end to side"); 7 – 
Hemostasis; 8 - Layered suturing of the surgical wound.

Figure 1. STA–MCA bypass surgery stages: a – isolated donor artery 
(superficial temporal artery) (green arrows); b – determination of 
the recipient artery (cortical branch of the MCA) (black arrow); c – 
the donor artery (green arrows) is moved to the recipient artery (red 
arrows); d – view of the operating area after creation of the EICMA, 
STA–MCA bypass (black arrow).

After performing a bone-plastic craniotomy and opening 
the dura mater, the initial intraoperative infrared intravenous 
indocyanine green (ICG) angiography (ICG-FLOW 800) was 
performed, the results of which were recorded in the formed 
craniotomy window (Figure 2). Following the creation of the 
EICMA, the patency of the anastomosis was verified visually 
and by contact Doppler ultrasound, after which the control 
intraoperative infrared ICG angiography was performed again 
(Figure 2).

Figure 2. Intraoperative infrared ICG angiography: a – preoperative 
ICG; b – postoperative ICG, where the blue arrow indicates the 
alternative recipient artery (the temporal superficial artery) and the 
red arrow indicates the patency of the anastomosis site.

The patency of the EICMA in the postoperative period was 
confirmed by control MSCTA (3-5 days after surgery). Control 
examinations (DSA, MSCTA, MSCTPI) and clinical results 
were recorded 6 months after revascularization surgery. 

Clinical evaluation. Prior to undergoing surgical treatment, 
patients were followed in the clinic and for 6 months after 
surgery. Recurrent symptoms were recorded, including 
intracerebral hemorrhage, stroke, and TIA. The modified 
Rankin scale (mRS) was used to assess the changes in patients’ 

  

a b 
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neurologic functional status before and after surgery.
Statistical analysis. In our study, Statistica 10.0 (StatSoft, 

USA) was used for statistical analyses. Categorical variables are 
presented as counts (with percentages) [n (%)] and continuous 
variables are presented as the means ± standard deviations. In 
terms of baseline patient characteristics (e.g., disease onset 
and vascular risk factors) were considered for each patient, 
and the remaining items were described by hemisphere. The 
normality of the data was checked using Kolmogorov-Smirnov 
tests. For continuous variables including MSCTPI parameters, 
independent sample t analysis and one-way analysis of variance 
(ANOVA) were used as univariate analysis was to seek for the 
differences between groups. Differences were considered to be 
significant when the statistical P<0.05.
Results.

Clinical characteristics of patients. According to the inclusion 
criteria, 17 patients were studied. The diagnosis of moyamoya 
disease was confirmed in all patients by DSA and MSCTA. 
Tables 1 and 2 show the characteristics of patients and initial 
data of MMD. Among the comorbidities, 1 case had Down 
syndrome. The development of MMD in patients with Down 
syndrome can be explained by vascular dysplasia associated 
with the peculiarities of the coding proteins in chromosome 21, 
which are involved in the increased risk of developing vascular 
diseases [13]. The study results showed that the mean age in 
MMD was 35.06±10.42 years. MMD prevalence was higher in 
females (n=10, 58.8%) than in males (n=7, 41.2%). Hemiparesis 
was a characteristic feature of the disease. Headache was 
recorded in all cases. Progressive amaurosis was observed in 2 
patients. TIA from the onset of the disease was recorded in all 
cases. The clinical MMD manifestation was mainly represented 
by ischemic stroke as a result of progressive cerebral artery 
occlusion (n=15, 88.2%) (Fig. 1). The ischemic variant of the 
disease on the one hand in the middle cerebral artery basin was 
presented in 11 cases (64.7%), in both MCA basins in 5 cases 
(29.4%), a hemorrhagic variant of the disease was observed 
in 1 case (n=1, 5.9%). The consequences of acute stroke were 
diagnosed on the MSCT of the brain as gliosis. At the time of 
planning the operation, no signs of acute stroke were detected 
during MSCT of the brain.

Table 2. Distributions of moyamoya disease stage by Suzuki and 
Takaku in patients [12].

MMD stage Before surgery
n %

2 - -
3 8 47.1
4 5 29.4
6 4 23.5

Total 17 100

Cerebral vascular and collateral circulation status analysis. 
At the time of hospitalization, there were no signs of acute 
cerebrovascular accident. All patients underwent DSA, the gold 
standard for diagnosing cerebral vascular disease, and in some 
cases, MSCTA was performed. According to the results of both 
methods of examination, the characteristic signs of MMD were 

found in the form of steno-occlusive lesions of ICA terminal 
parts, proximal parts of the anterior cerebral arteries and MCA, 
and abnormal moyamoya vessels in the basal regions of the 
brain. Analyzing the results of preoperative angiography, the 
following stages of MMD according to Suzuki and Takaku 
were determined, namely: stage 3 (n=8, 47.1%), stage 4 
(n=5, 29.4%), and stage 6 (n=4, 23.5%); in the last stage, the 
collateral vessels disappeared, and the collateral circulation was 
exclusively from the external carotid arteries (Figure 3, Table 2). 
The distribution of moyamoya disease stages according to the 
Suzuki and Takaku classification in patients is shown in Table 
2. In all cases, there was an asymmetry of blood circulation in 
the cerebral hemispheres.

After surgical correction of vascular blood flow was performed, 
intraoperative infrared ICG angiography before the creation of 
EICMA in the created craniotomy window of the frontotemporal 
region showed signs of severe impoverishment of the arterial 
vascular pattern of the temporal and frontal cortex, indicating 
a significant deficit of blood supply to the MCA basin (Figure 
2). Control intraoperative infrared ICG angiography showed 
satisfactory function of the created EICMA and a pronounced 
vascular network in the surgical field (Figure 2).

Postoperative control MSCTA demonstrated a patent 
anastomosis in all patients (Figure 4). In all cases, the 
anastomosis was well contrasted with a pronounced network of 
distal MCA branches on the surgical side. At the same time, 
postoperative improvement of blood supply in the MCA basin 
and reduction of the moyamoya vessels were detected at 6 
months (Figure 3).

Brain perfusion analysis. In the preoperative period, in patients 
with MMD, CBF reduction in the corresponding cortical areas 
was detected by MSCTPI (Figure 4). Thus, with an increase 
in compensatory blood flow in the basal regions of the brain, 
CBF (ml/100g/min) in each selected regions of the cerebral 
cortex were: M1 - 34.1±9.3, M2 - 38.8±7.6, M3 - 35.2±8.7, 
basal ganglia - 44.9±6.1 (p<0.05). The described changes are 
associated with long-term chronic cerebrovascular disease. 
CBF in the presence of moyamoya vessels differed significantly 
from the opposite side, decreasing in the cortex of the temporal 
and parietal lobes by almost 2 times. With an increase in the 
number of collaterals, the differences in CBF and MTT were 
less expressed in the basal ganglia. At the scan level, CBV was 
within normal limits in both cerebral hemispheres.

In the late postoperative period, CBF (ml/100g/min) on the 
side of surgery was: M1 - 59.4±2.8, M2 - 58.5±8.3, M3 - 
38.8±1.8, basal ganglia - 53.5±3.7 (p<0.05) (Figure 5). The 
МТТ (s) on the surgical side was accelerated at follow-up after 
surgery, with a baseline (preoperative data): M1 – 6.4±1.7, 
M2 – 6.4±2.1, M3 – 6.1±2.2, basal ganglia – 4.1±1.3 and vs. 
at follow-up: M1 – 3.2±1.2, M2 – 3.6±1.5, M3 – 4.3±1.4, basal 
ganglia - 3.5±1.3 (p<0.05) (Figure 5). In the postoperative 
periods, CBV remained within normal limits in both cerebral 
hemispheres at the scan level.

Postoperative clinical follow-up. The preoperative mRS 
scores are presented in Table 1. Following surgery at 6 months, 
all cases demonstrated improvement in neurologic status, with 
none of the patients exhibiting a worsening of the mRS scale 
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Figure 3. DSA in the preoperative period before the creation of the EICMA (a-c); 3 months (d-f) and 6 months after the creation of the anastomosis 
(g-i): contrasting of the right external carotid artery (a, d, g) - occlusion of the right internal carotid artery (a); contrasting of the left external 
carotid artery (b, e, h) - occlusion of the left internal carotid artery (b); vertebro-basilar basin (c, f, i); moyamoya vessels in the basal regions of 
the brain (black arrow), sectoral contrasting of the MСA basin  (white arrow).
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Figure 4. MSCT angiography after EICMA creation in the early postoperative period: 3D reconstruction in bone mode (a); MIP, frontal projection 
(b); 3D reconstruction of the arterial phase (c); the functioning anastomosis (arrow).

Figure 5. Changes in cerebral hemodynamics according to MSCT perfusion (CBF (a, b), MTT (c, d)) in the period before the creation of EICMA 
(a, c); 6 months after the creation of EICMA (b, d).
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and the scores being higher than baseline. There were no cases 
of stroke. A TIA case was reported in 1 patient (Table 1).

Positive changes in neurological status were associated with 
improved blood supply to the brain. The study of hemodynamics 
in the late postoperative period showed satisfactory vascular 
development and satisfactory blood flow in the anatomical 
area where the STA-MCA bypass was formed (Figures 3-5). 
CBF values in the postoperative period increased almost to 
the values required for this area, as evidenced by the observed 
improvement in the neurological status in all patients, including 
a reduction in TIA recurrences and the absence of recurrent 
ischemic or hemorrhagic strokes.
Discussion.

In patients with MMD, the clinical manifestations of the disease 
are mainly the result of decreased blood circulation in deep brain 
regions as a consequence of chronic occlusive-stenotic lesions 
of the brachiocephalic arteries, which then leads to disruption 
of vascular autoregulation, hemodynamic changes, and strokes 
[14]. It is known that the development of moyamoya vessels, 
well detected and classified by the angiographic stage according 
to the Suzuki and Takaku classification, does not reflect the 
severity of the disease, but helps to establish a compensatory 
physiological reorganization of the cerebral circulation. The 
appearance of moyamoya vessels is a signal of hemodynamic 
cerebral ischemia. Advanced development of moyamoya vessels 
in the basal regions of the brain is a sign of severe hemodynamic 
disturbance accelerated by prolonged cortical ischemia [15]. In 
our study, we recorded the consequences of acute strokes in the 
MCA basins, which supports this hypothesis.

Considering all of the above, the metabolism of the brain 
in MMD will depend on its blood circulation. It is believed 
that collateral circulation in MMD allows for maintaining 
perfusion pressure at a sufficient level for a long time, and 
therefore CBF changes last, but intracerebral collaterals, 
even when fully developed, cannot provide adequate blood 
circulation to the cerebral cortex [16]. Currently, the single most 
effective treatment for MMD is considered to be the surgical 
restoration of cerebral blood flow in the damaged areas of the 
brain, which aims to prevent secondary stroke by stabilizing 
cerebral hemodynamics, regressing fragile moyamoya vessels, 
and preventing hemorrhage. For surgical treatment of MMD, 
endovascular treatment and revascularization are used [17]. One 
of the methods of surgical revascularization is the creation of a 
bypass path between the external carotid artery and the internal 
carotid artery, that is, the formation of an EICMA of the STA-
MCA type to improve or restore the necessary blood flow 
and improve brain perfusion [18]. Therefore, addressing the 
presence of cerebral hypoperfusion in the preoperative period 
and changes in perfusion parameters in the early and long-term 
postoperative periods is a rather important issue, the solution 
of which can affect the results of surgical treatment and further 
prognosis of the disease. Perfusion computed tomography of 
the brain fulfills this task at a sufficiently high level, detecting 
areas of cerebral blood flow disorders in the form of hypo- and 
hyperperfusion.

As indicated above, the main method of treatment for MMD is 
the formation of EICMA. The creation of such an anastomosis 

is difficult due to the very small diameter of the recipient and 
donor vessels, which can cause acute thrombosis or occlusion of 
the anastomosis in case of intraoperative damage to the intima 
of the vessel [19]. The lack of timely detection and prevention 
of this complication can cause iatrogenic cerebral infarction and 
the emergence of new neurological symptoms [20]. Therefore, 
a rapid intraoperative assessment of the patency of the created 
EICMA is very important for the outcome of the operation.

One of the most common methods of intraoperative assessment 
of the functioning of the created anastomosis is microvascular 
Doppler ultrasound, which allows for a contact assessment of 
its patency [21]. Using this method in our study, we confirmed 
the patency of the created anastomosis with sufficient blood 
flow through it. After that, we used infrared ICG angiography, 
a standard and widely utilized method in recent years due to its 
ease of use and high information content. The intraoperative use 
of ICG during its introduction in our study was quite informative 
in terms of blood flow direction and provided an extremely rapid 
objective visualization of the patency of the created anastomosis 
with an intense vascular network in the surgical field in the 
projection of the frontal and temporal cortex (compared with 
preoperative data), which confirmed the effectiveness of the 
surgical intervention.

Direct revascularization with EICMA of the STA-MCA 
type provides blood flow support in the MCA basin through 
leptomeningeal anastomoses that develop over time [22]. It has 
been shown that the first changes in CBF in the hypoperfused 
zone occur within 2 weeks after surgery to restore cerebral blood 
flow. Therefore, changes in CBF within 2 weeks after surgery 
are known as the early postoperative period of MMD, the period 
of more than 2 weeks is referred to as the late postoperative 
period [23]. The patency of the created anastomosis in the 
postoperative period is an important factor in the recovery of 
the patients. Control angiography (MSCTA or DSA) to monitor 
the anastomosis condition was performed in our study within a 
few days after surgery and showed its functioning in all patients 
with MMD. No complications were recorded during the follow-up.

After the creation of EICMA, we repeated the DSA and 
MSCTPI in 6 months, which corresponds to the late postoperative 
period. During this time, certain changes in the cerebral vessels 
occurred in the form of the moyamoya vessel reduction and the 
good postoperative contrast of the distal branches of the MСA 
[4,16,24]. The literature shows that the abnormal network of 
blood vessels in the skull base gradually begins to weaken in 
response to CBF recovery after cerebral revascularization and 
collateral vessels tend to be stable and play an important role in 
the blood supply to the brain. Collateral revascularization can 
develop within 54 months [25]. In our study, the postoperative 
hemodynamics changes in the ICA basin were accompanied by 
an improvement in the perfusion of the ischemic brain tissue, 
which has also been shown in studies by other authors [26,27]. 
The creation of EICMA prevented stroke development in 
patients with MMD, indicating an improvement in blood flow 
in the study area [28,29]. Increased CBF and decreased MTT on 
the side of revascularization in the temporal cortex compared 
to preoperative values, indicating improved cerebral perfusion 
in the MCA basin [30]. In this study, we also found that in 
the postoperative period, an increase in CBF was associated 
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Our study showed that surgical treatment of MMD by forming 
an EICMA of the STA-MCA type can significantly improve 
clinical outcomes and reduce the incidence of complications 
due to improved cerebral perfusion. Increased blood flow with 
STA-MCA bypass is accompanied by regression of moyamoya 
vessels, decreased risk of stroke, and improved neurologic 
status of patients.

Intraoperative control is important for the prognosis of surgical 
treatment of MMD. The use of infrared ICG-angiography is a 
promising and highly informative method of intraoperative 
assessment of cerebral vessels, both at the outset of surgical 
intervention and to assess the patency of the created anastomosis 
at the conclusion of the operation.

Further research in this area is considered promising due to 
the increased detection of moyamoya disease in Ukraine. To 
do this, it is necessary to conduct longer observations in this 
cerebrovascular pathology to increase the diagnostic value of 
MSCTPI of the brain, intraoperative infrared ICG angiography, 
and study the effectiveness of surgical revascularization.
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ICA: Internal Carotid Artery; ICG: Indocyanine Green; 
MCA: Middle Cerebral Artery; MMD: Moyamoya Disease; 
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Perfusion Imagine; MTT: Mean Transit Time; STA-MCA: 
Superficial Temporal Artery - Middle Cerebral Artery; TIA: 
Transient Ischemic Attack.
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Влияние прямой хирургической реваскуляризации 
на церебральную гемодинамику и развитие инсульта у 
пациентов с болезнью моямоя 
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Резюме.
Снижение мозгового кровотока (CBF) приводит к 

ухудшению гемодинамики головного мозга, что является 
причиной повышенного риска инсульта. Было показано, что 
реваскуляризация улучшает CBF у пациентов с болезнью 
моямойя. Исследование посвящено ретроспективному 
изучению клинических особенностей и характеристик 
церебральной гемодинамики 17 пациентов с болезнью 
моямойя до, во время и после хирургического лечения с 
использованием экстракраниально-интракраниального 
микроанастомоза по типу STA-MCA. Пациентам были 
выполнены операции анастомозирования поверхностной 
височной артерии в среднюю мозговую артерию. Всем 
пациентам выполнялись ДСА, МСКТ-ангиография, 
МСКТ-перфузия до и через 6 месяцев после операции. С 
помощью МСКТ-перфузии измеряли мозговой кровоток и 
среднее время прохождения крови (MTT) для выявления 
зон гипоперфузии. Оценивались гемодинамические 
параметры во время МСКТ-перфузии, изменения сети 
церебральных сосудов и клинические исходы заболевания. 
Для оценки локальной церебральной гемодинамики до 

и после создания STA-MCA анастомоза проводился 
интраоперационный ICG-анализ. Результаты показали, 
что после реваскуляризации церебральная гемодинамика 
на стороне операции значительно улучшилась. После 
анастомозирования CBF увеличился, а МТТ снизился 
почти в 2 раза по сравнению с уровнем до операции. 
Показатели модифицированной шкалы Рэнкина указали 
на улучшение неврологического статуса пациентов 
после хирургической реваскуляризации. Таким образом, 
хирургическая реваскуляризация по типу STA-MCA 
значительно улучшила показатели перфузии головного 
мозга и снижала развитие инсульта у пациентов с болезнью 
моямойя. МСКТ-перфузия может служить эффективным 
и неинвазивным методом мониторинга церебральной 
гемодинамики у этих пациентов. Интраоперационная ICG-
ангиография - безопасный метод, позволяющий отобразить 
гемодинамические характеристики в зоне хирургического 
вмешательства. 

Ключевые слова. Болезнь моямойя, нейровизуализация, 
интраоперационная внутривенная IGF ангиография, 
экстракраниальный микроанастомоз.  
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