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ABSTRACT 

Moyamoya disease is a rare and progressive cerebrovascular illness characterized by internal carotid artery stenosis 
and aberrant collateral vessel development. This syndrome raises the likelihood of ischemic and hemorrhagic strokes, 
which have severe consequences for patients' cognitive and functional capacities. Revascularization surgery is a stand-
ard procedure; nevertheless, postoperative results vary, with some patients reporting increased cerebral perfusion and 
cognitive recovery and others enduring chronic or increasing deficits. This study combines data from ten peer-re-
viewed sources to look at the clinical and cognitive outcomes of revascularization surgery, identify predictors of post-
operative success, and investigate the role of age, posterior cerebral artery involvement, and hyperperfusion in recov-
ery. Key findings show that revascularization decreases stroke risk and improves cerebrovascular reactivity, although 
cognitive outcomes are uneven, highlighting the multifaceted nature of recovery. Limitations in the examined studies, 
such as limited sample numbers and single-center designs, underscore the importance of future research with varied 
cohorts and longer follow-ups. This study adds to our understanding of specialized surgical methods, underlining the 
significance of targeted therapies for improving clinical and cognitive outcomes in Moyamoya disease patients. By 
addressing current gaps, the study lays the groundwork for better patient care and surgical techniques (OpenAI, 2024). 

Introduction 

Moyamoya disease is a rare, progressive cerebrovascular disorder characterized by internal carotid artery stenosis or 
occlusion, which results in the formation of an abnormal network of tiny vessels at the base of the brain known as 
"Moyamoya" vessels due to their hazy appearance on angiograms (Cho et al., 2014). This condition lowers cerebral 
blood flow, increasing the risk of ischemic events such as strokes and transient ischemic episodes (TIAs). Given the 
severity of the neurological damage, revascularization surgery has emerged as a viable treatment option for restoring 
blood flow and preventing future cerebrovascular events. 

The primary surgical options include direct revascularization techniques, such as extracranial-intracranial 
(EC-IC) bypass, indirect therapies, such as encephaloduroarteriosynangiosis (EDAS), or a combination of the two 
(Cho et al., 2014). While these approaches have been shown to improve cerebral hemodynamics and prevent stroke 
recurrence, their effects on cognitive function, particularly over time, are little known (Deckers et al., 2022). Address-
ing this information gap is critical since cognitive decline has a significant impact on a patient's quality of life follow-
ing surgery. 

Recent research has underlined the need to evaluate clinical and cognitive outcomes in patients undergoing 
revascularization surgery. For example, researchers observed that revascularization reduces stroke risk and improves 
functional outcomes. However, the degree of cognitive recovery varies (Teo et al., 2023). Furthermore, cognitive 
improvement is typically related to increased cerebral perfusion in the affected hemisphere, whereas some patients 
have cognitive impairment due to factors such as postoperative hyperperfusion (Uchida et al., 2021). The difficulties 
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of cognitive recovery suggest that further research is needed to thoroughly understand the spectrum of postoperative 
outcomes (OpenAI, 2024). 
 This study will investigate Moyamoya patients' cognitive and cerebrovascular outcomes after revasculariza-
tion surgery. By merging prior research and analyzing clinical data, this initiative will contribute to a better under-
standing of the long-term effects of revascularization on cognitive function and general cerebrovascular health. Un-
derstanding these outcomes can help design future surgical techniques and improve patient care by enhancing survival 
rates and quality of life (OpenAI, 2024). 
 

Problem Statement 
 
Moyamoya disease is an uncommon cerebrovascular illness characterized by increasing stenosis or blockage of the 
internal carotid arteries and forming aberrant vascular networks. This illness dramatically raises the risk of ischemic 
and hemorrhagic strokes, particularly in adults, offering serious difficulties to long-term cognitive and functional re-
sults. While revascularization surgery is a frequent treatment, the wide range of postoperative outcomes—from con-
siderable improvement to cognitive decline—reveals a crucial gap in our understanding of the variables that influence 
recovery. The absence of established predictors for cognitive and functional success affects surgical decision-making 
and postoperative care, making it difficult for doctors to customize therapies to individual patients (OpenAI, 2024) 
 This study seeks to synthesize existing research to address two significant issues: the impact of revasculari-
zation surgery on clinical and cognitive outcomes and the role of predictors such as age, cerebral perfusion, and pos-
terior cerebral artery involvement in influencing recovery trajectories. Addressing these gaps is critical for designing 
individualized surgical methods that maximize patient outcomes while reducing risks, especially in groups prone to 
cognitive or functional deterioration. The study's findings seek to add to the expanding body of knowledge by provid-
ing practical insights for improving clinical procedures for Moyamoya disease care (OpenAI, 2024). 
 

Purpose 
 
This study aims to look at the long-term cognitive and cerebrovascular outcomes of revascularization operations in 
Moyamoya disease patients, focusing on the effectiveness of surgical interventions in reducing stroke risk and en-
hancing cognitive function. This work aims to combine existing research and provide a comprehensive evaluation of 
postoperative findings, focusing on clinical and cognitive consequences that may compromise Moyamoya patients' 
quality of life and functioning (Cho et al., 2014; Teo et al., 2023). This study intends to fill knowledge gaps concerning 
cognitive stability and cerebrovascular health following surgery by analyzing data from several studies on surgical 
procedures such as direct EC-IC bypass and indirect revascularization techniques (Deckers et al., 2022; Uchida et al., 
2021).  
 This study seeks to provide important information to improve patient selection for surgery, enhance revas-
cularization methods, and change postoperative care plans. It also aims to uncover specific factors, such as cerebral 
perfusion, that may influence cognitive recovery and long-term health outcomes, resulting in more customized and 
successful treatment choices for persons with Moyamoya disease (Zeifert et al., 2017; OpenAI, 2024). 
 

Justification 
 
The study of the cognitive and cerebrovascular implications of revascularization treatments for Moyamoya disease is 
both clinical and scientifically significant. Moyamoya disease is a degenerative cerebrovascular illness that, if not 
treated properly, increases the risk of strokes and cognitive impairments, lowering quality of life and functional inde-
pendence (Teo et al., 2023). Understanding the long-term effects of surgical interventions on cerebrovascular health 
and cognitive function is crucial to improving patient care and operation efficacy (Cho et al., 2014; OpenAI, 2024). 
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 This topic is especially intriguing because Moyamoya disease diagnoses are growing increasingly widespread 
worldwide, necessitating the development of effective treatment techniques that target survival and cognitive and 
functional well-being. Previous studies have found knowledge gaps on the cognitive benefits of surgical intervention, 
such as whether increased cerebral blood flow correlates with improved cognitive outcomes (Deckers et al., 2022). 
This study addresses a significant need in neurosurgery and cognitive neurology for evidence-based findings that can 
influence surgical decisions and postoperative rehabilitation strategies (OpenAI, 2024). 
 The study's new approach is to combine data from many studies on revascularization techniques, such as EC-
IC bypass, and their impact on cognitive and cerebrovascular outcomes, an area that has gotten little attention (Uchida 
et al., 2021; Zeifert et al., 2017). This study offers new perspectives on managing Moyamoya sickness by emphasizing 
patient-centered outcomes like cognitive function, which ensure full patient recovery and long-term quality of life. By 
informing practitioners and researchers, this study has the potential to increase treatment options and postoperative 
care for Moyamoya patients worldwide (OpenAI, 2024). 
 

Research Questions 
 

1. What are the long-term cognitive and cerebrovascular health outcomes following combined revascularization 
surgery in adults with Moyamoya disease, and how do these outcomes compare to other revascularization 
techniques? 

2.  How does the improvement in cerebrovascular reactivity (CVR) post-revascularization surgery correlate 
with changes in cognitive function in Moyamoya patients, and what factors might mediate this relationship? 

3.  How do predictors of postoperative stroke, such as posterior cerebral artery involvement and age at onset, 
influence the choice of revascularization technique and subsequent cognitive and functional outcomes in 
patients with ischemic-type Moyamoya disease? 

 

Research Objectives 
 

1. To evaluate the long-term cognitive and cerebrovascular health outcomes following combined revasculari-
zation surgery in adults with Moyamoya disease and compare these results with other revascularization tech-
niques in terms of stroke risk and clinical performance. 

2. To analyze the correlation between postoperative improvements in cerebrovascular reactivity (CVR) and 
changes in cognitive function in Moyamoya patients, identifying key factors that mediate this relationship. 

3. To investigate the impact of predictors, including posterior cerebral artery involvement and age at onset, on 
the selection of revascularization techniques for ischemic-type Moyamoya disease. 

 

Theoretical Framework 
 
Research into revascularization for Moyamoya disease highlights clinical and cognitive benefits while revealing areas 
for further study. Investigators found that combined revascularization techniques improved long-term clinical stability 
and hemodynamics, reducing the frequency of recurrent strokes (Cho et al., 2014). Similarly, investigators noted that 
revascularization reduced stroke risk and improved patients' quality of life, including functional abilities like self-care 
and employment (Teo et al., 2023). Investigators demonstrated a link between increased cerebral perfusion and cog-
nitive improvements, though cognitive outcomes varied among individuals (Uchida et al., 2021). Investigators sup-
ported these findings, showing that surgical intervention reduced transient ischemic attacks (TIAs) and improved cer-
ebrovascular reactivity, with notable gains in children's language skills (Deckers et al., 2022). However, investigators 
observed that, although most patients maintained cognitive stability post-surgery, a minority experienced a decline, 
underscoring the importance of long-term follow-up (Zeifert et al., 2017). Together, these studies underscore the 
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potential of revascularization to enhance both physical and cognitive outcomes, though additional research is needed 
to clarify factors impacting these variable results (OpenAI, 2024). 
 

Definition of Terminologies 
 

1. Revascularization - Revascularization is a medical term that first appeared in surgical and clinical literature 
in the mid-20th century as techniques to restore blood flow through new or existing vessels became increas-
ingly common, particularly in cardiovascular and cerebrovascular surgery. In Moyamoya disease, revascu-
larization involves either direct methods (like extracranial-intracranial bypass) or indirect approaches (like 
encephaloduroarteriosynangiosis), aiming to enhance cerebral blood flow by creating alternative pathways 
(Yasargil, 1967).  

2. Cerebrovascular Reactivity (CVR) - CVR refers to the brain’s ability to regulate blood flow in response to 
changes in carbon dioxide or oxygen levels, an essential mechanism for maintaining stable brain function. 
The concept of CVR emerged in the early 20th century with foundational work by scientists like Roy and 
Sherrington in 1890, who identified a relationship between cerebral blood flow and neuronal activity. In 
Moyamoya research, CVR assessments indicate how well revascularization surgery improves the brain's ca-
pacity to adjust blood flow, aiding in predicting postoperative outcomes (Roy & Sherrington, 1890). 

3. Transient Ischemic Attack (TIA) - A TIA, often described as a "mini-stroke," is a temporary period of insuf-
ficient blood flow to the brain, leading to stroke-like symptoms that typically resolve within 24 hours. The 
term became widely used in medical literature by the mid-20th century as understanding of cerebrovascular 
events evolved. TIAs are significant in Moyamoya disease because they often precede more severe ischemic 
strokes, making early intervention critical for patient outcomes (Millikan & Siekert, 1955). 

 

Review of Literature 
 
Long-Term Clinical and Hemodynamic Outcomes of Combined Revascularization Surgery in 
Moyamoya Patients 
 
As procedures have advanced in the past decade, hemodynamic outcomes have also demonstrated positive outcomes 
that reflect such progress. The study sought to assess the long-term outcomes of combined revascularization surgery 
in adult Moyamoya patients, focusing on clinical stability, angiographic findings, and hemodynamic status. The study 
used a retrospective cohort design and followed 60 adult patients after five years to measure clinical state, angiographic 
revascularization, and cerebral blood flow. The study found that revascularization resulted in considerable improve-
ments in clinical outcomes, including a low risk of stroke recurrence and continuing growth of the revascularization 
area over time. The study acknowledged drawbacks, such as a single-center design and a limited sample size, which 
might affect the generalizability of its findings. Multicenter studies were recommended to evaluate the advantages of 
combined revascularization and further investigate the post-surgery quality-of-life outcomes (Cho et al., 2014). This 
study provides critical evidence on the efficacy of revascularization in improving long-term cerebrovascular health 
and lowering stroke risk for Moyamoya patients (Open AI, 2024): 

The surgical outcomes of adult moyamoya disease are rarely reported. We aimed to evaluate the long-term 
outcomes of combined revascularization surgery in patients with adult moyamoya disease. Combined revasculariza-
tion surgery consisting of superficial temporal artery–middle cerebral artery anastomosis with encephalodurogaleos-
ynangiosis was performed on 77 hemispheres in 60 patients. Clinical, angiographic, and hemodynamic states were 
evaluated retrospectively using quantitative methods preoperatively and postoperatively in the short-term (≈6 months) 
and long-term (≈5 years) periods. The mean clinical follow-up duration was 71.0±10.1 months (range, 60–104 
months). (Cho et al., 2014) 
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 This source is crucial in understanding the long-term efficacy of combined revascularization surgery for adult 
Moyamoya disease. By providing a detailed analysis of clinical, angiographic, and hemodynamic outcomes over five 
years, the study demonstrates that the surgery leads to significant and sustained improvements in cerebrovascular 
health, reducing the risk of stroke. The findings highlight the importance of both direct and indirect revascularization 
techniques in promoting collateral vessel formation and maintaining long-term cerebral blood flow. Quantitative data 
on cerebral blood flow and revascularization area provides robust evidence of the effectiveness of the surgery. How-
ever, the study’s limitations, such as the small sample size and single-center design, suggest further research to gen-
eralize these results to a broader population. The study advances the investigation into revascularization techniques 
by offering valuable insights into the long-term clinical stability and stroke prevention associated with the surgery. 
Overall, this source is integral to the literature review as it reinforces the role of surgical intervention in improving 
long-term cerebrovascular health in Moyamoya patients (OpenAI, 2024).  
 
Short- and Long-Term Stroke Prevention and Quality of Life Improvements Following 
Revascularization Surgery 
 
In the hope of improving patients' QOL (Quality-of-Life), surgeons have devised ways to improve the long-term 
prevention of strokes in cardiovascular patients. The study sought to evaluate the short- and long-term results of re-
vascularization surgery in a cohort of Moyamoya disease patients, focusing on stroke risk, physical function, cognitive 
performance, and overall quality of life. The study followed 769 patients for an average of 7.3 years to examine 
revascularization's immediate and long-term consequences. The findings showed that surgery significantly reduced 
long-term stroke risk to 0.6% per patient-year while also increasing patients' capacities in self-care, employment, and 
social involvement. Key risk factors for inferior outcomes, including advanced age and previous cerebrovascular def-
icits, were found. However, the study's generalizability could have been improved by its single-center design and 
homogeneous patient group, and the authors suggested further multicenter research with more varied cohorts (Teo et 
al., 2023). This study emphasizes the broader benefits of revascularization surgery, such as improved physical inde-
pendence and social well-being, in addition to its efficacy in stroke prevention (OpenAI, 2024): 

The post-bypass stroke risk factors and long-term outcomes of moyamoya patients are not well documented. 
Therefore, the authors studied 30-day stroke risks and patients’ long-term physical, functional, and social well-being. 
From 1991 to 2014, 1250 revascularization procedures (1118 direct bypasses, 132 indirect bypasses) were performed 
in 769 patients. Completed questionnaires were received from and available for analysis on 391 patients, and 6-month 
follow-up data were available for 96.4% (741/769) of the patients. Over a mean follow-up of 7.3 years (range 0.5–26 
years), the long-term stroke risk among 741 patients was 0.6% per patient-year; 75% of these patients had excellent 
outcomes (mRS score 0–1). (Teo et al., 2023) 
 The study's findings corroborate the long-term advantages of revascularization surgery for Moyamoya pa-
tients, improving clinical and social results. By examining data from a large cohort over a long period, the study 
provides compelling evidence that revascularization dramatically reduces stroke risk, highlighting the procedure's 
usefulness as a preventative strategy. Furthermore, the study's emphasis on patient-reported functional outcomes pro-
vides vital insight into how the operation affects everyday living, including work and self-care, which are critical for 
quality of life. By identifying crucial risk factors such as age and cerebrovascular reserve capacity, the study helps to 
refine patient selection criteria. It emphasizes the potential for predictive modeling to guide future procedures. Despite 
its limitations in terms of sample diversity and single-center design, this study contributes significantly to the literature 
by demonstrating the multifaceted benefits of revascularization, ranging from clinical stability to improved social 
integration, and laying the groundwork for future research into optimizing long-term outcomes (OpenAI, 2024).  
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Postoperative Cognitive Stability and Cerebrovascular Reactivity in Moyamoya Vasculopathy 
 
Amid the advancements in understanding cerebrovascular reactivity, recent research has sought to evaluate the cog-
nitive and clinical outcomes following revascularization procedures. The investigation sought to assess the clinical 
results, cognitive function, and cerebrovascular reactivity (CVR) in Moyamoya patients following revascularization 
operations. The researchers conducted a prospective cohort analysis on 40 patients in a Dutch tertiary hospital, ana-
lyzing pre- and postoperative measures such as MRI and cerebral angiography. Significant clinical benefits, such as 
decreased transient ischemic attack (TIA), headache frequency, and considerable CVR upgrades, were seen following 
surgery. While cognitive performance remained relatively consistent, children's linguistic abilities improved. Despite 
this development, the study found no apparent relationship between CVR improvements and cognitive ability, indi-
cating that cognitive rehabilitation may include variables other than hemodynamic alterations. The authors advocate 
for more extended follow-up studies with more extensive and varied cohorts to capture long-term cognitive effects 
better (Deckers et al., 2022). This study emphasizes the clinical and hemodynamic advantages of revascularization 
while recognizing the difficulty of predicting cognitive recovery (OpenAI, 2024): 

In this prospective, single-center study, we investigated the effect of revascularization on cognitive function 
in patients with MMV. We report clinical and radiological outcome parameters and the associations between clinical 
determinants and change in neurocognitive functioning. We consecutively included all MMV patients at a Dutch 
tertiary referral hospital who underwent pre- and postoperative standardized neuropsychological evaluation (including 
cerebrovascular reactivity (CVR)), MRI, cerebral angiography, and completed standardized questionnaires on clinical 
outcome and quality of life (QOL). We included 40 patients of whom 35 were treated surgically. CVR-scores im-
proved significantly (p < 0.0005). (Deckers et al., 2022) 
 The investigation is valuable in this inquiry because it describes the short-term cognitive and cerebrovascular 
results linked with revascularization surgery in Moyamoya patients. The study emphasizes the usefulness of revascu-
larization for immediate postoperative improvements by demonstrating clinical solid advantages such as decreased 
TIA frequency and increased CVR. The study's insight into cognitive stability, notably the increase in language abil-
ities among youngsters, helps us comprehend how surgery might help specific cognitive tasks while having less stable 
overall cognitive impacts. However, the lack of a substantial link between CVR alterations and cognitive function 
implies that cognitive recovery may not primarily depend on hemodynamic parameters, indicating the need for further 
research into additional cognitive drivers. The authors effectively advocate for more research into the intricacies of 
cognitive outcomes by highlighting the study's shortcomings, such as sample size and brief follow-up. Overall, this 
source contributes to the inquiry by stressing the varied nature of cognitive and clinical recovery post-revasculariza-
tion, implying a more nuanced approach to measuring long-term cognitive success in Moyamoya patients (OpenAI, 
2024). 
 
Long-Term Cognitive Changes and Cerebral Perfusion in Moyamoya Patients After 
Revascularization 
 
As efforts to optimize cerebral blood flow continue, this study investigates how long-term cerebral perfusion influ-
ences cognitive stability in ischemic Moyamoya patients. The study looked into the long-term cognitive changes in 
adult patients with ischemic Moyamoya disease after direct revascularization surgery, focusing on cognitive improve-
ment, stability, or deterioration over five years. The study used a prospective observational cohort approach, tracking 
31 individuals through repeated cognitive tests and cerebral blood flow measures using SPECT imaging. The findings 
found that cognitive results varied, with one-third of patients improving, one-third stable, and one-third declining. 
Increased cerebral blood flow was linked to improved cognitive performance, whereas decreased perfusion was linked 
to cognitive deterioration. However, limitations such as the limited sample size and single-center design indicated the 
need for more extensive investigations to corroborate these findings (Uchida et al., 2021). This study emphasizes the 
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importance of cerebral perfusion in cognitive outcomes and identifies possible variables influencing long-term cogni-
tive recovery in Moyamoya patients (OpenAI, 2024): 

In total, 31 patients were prospectively followed up for 5 years after direct revascularization surgery. Five 
types of neuropsychological tests were performed preoperatively, 2 months after surgery, and at the end of the 5-year 
follow-up. Based on results of pre- and postoperative neuropsychological tests, 11, 10, and 10 patients showed cogni-
tive improvement, no change in cognitive function, and cognitive decline, respectively, at the end of the 5-year follow-
up. One-third of adult patients with cerebral misery perfusion due to ischemic MMD who underwent direct revascu-
larization surgery exhibited cognitive improvement, and one-third exhibited decline at the end of the 5-year follow-
up. (Uchida et al., 2021) 
 The relevance of this study is that it provides vital insights into the long-term cognitive trajectories of Mo-
yamoya patients following revascularization. The study underscores the relevance of blood flow restoration in cogni-
tive recovery by correlating enhanced cerebral blood flow to favorable cognitive outcomes, expanding our knowledge 
of revascularization's function in cognitive health. This source also emphasizes the heterogeneity of cognitive out-
comes, recognizing that some individuals may experience cognitive impairment even after surgical intervention. These 
data show that cognitive recovery may depend on intricate interactions between blood flow and other neurophysio-
logical parameters, necessitating more research. The study's design—tracking patients over time—provides valid lon-
gitudinal data, but its small sample size and single-center breadth limit generalizability. Finally, this work contributes 
to the examination by identifying cerebral perfusion as a possible predictor of cognitive recovery, motivating future 
research to optimize surgical and postoperative techniques for improving long-term cognitive outcomes in Moyamoya 
patients (OpenAI, 2024). 
 
Short-Term Cognitive Outcomes of EC-IC Bypass Surgery in Moyamoya Disease Patients 
 
With an emphasis on cognitive outcomes, this study evaluates the short-term stability of neurocognitive function fol-
lowing EC-IC bypass surgery in Moyamoya patients. The investigation assessed the effect of cerebral revasculariza-
tion (EC-IC bypass) on adult Moyamoya patients' neurocognitive ability, with evaluations taken before and six months 
after surgery. Using a standardized battery of neurocognitive tests provided to 84 patients, the study discovered that 
75% of subjects showed no significant change in cognitive ability after surgery. However, 14% exhibited cognitive 
impairment, and 11% showed improvement. The study indicated that the surgery is typically safe in terms of cognitive 
results. However, the brief six-month follow-up may miss long-term alterations. The single-surgeon sample may have 
limited generalizability, and the quick follow-up period may have missed more gradual cognitive gains or losses (Zei-
fert et al., 2017). This study stresses the typically stable cognitive results following revascularization while also advo-
cating for more extended follow-up studies better to determine long-term cognitive consequences (OpenAI, 2024): 

Cerebral revascularization using EC-IC bypass is widely used to treat moyamoya disease, but the effects of 
surgery on cognition are unknown. We compared performance on formal neurocognitive testing in adults with mo-
yamoya disease before and after undergoing direct EC-IC bypass. We performed a structured battery of 13 neurocog-
nitive tests on 84 adults with moyamoya disease before and 6 months after EC-IC bypass. Twelve patients (14%) 
showed significant decline postoperatively, 9 patients (11%) improved, and 63 patients (75%) were unchanged. The 
majority of patients showed neither significant decline nor improvement in neurocognitive performance after EC-IC 
bypass surgery. (Zeifert et al., 2017) 
 The relevance of this study rests in the contribution to understanding the short-term cognitive effects of re-
vascularization surgery in Moyamoya patients. The study finds that most patients saw no substantial cognitive change, 
highlighting the relative cognitive safety of the EC-IC bypass and allaying worries about potential postoperative cog-
nitive impairment. The study's use of reliable change indicators (RCIs) reinforces its findings by reducing test-retest 
variability and providing scientific rigor to assess cognitive outcomes. However, the six-month follow-up period and 
single-surgeon design have limitations, indicating future research's need to capture a more comprehensive picture of 
cognitive changes over time. The study advances the examination by demonstrating that revascularization is a low-
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risk intervention for cognitive performance in the near term, establishing the framework for future research into the 
procedure's long-term cognitive consequences (OpenAI, 2024). 
 
Functional Outcomes After Revascularization: Reducing Hemorrhagic Risks in Moyamoya 
Disease 
 
In addressing the critical need for hemorrhage reduction, this study analyzes the effects of revascularization on func-
tional outcomes and re-hemorrhage rates in Moyamoya patients. The research looks at the long-term impact of revas-
cularization on individuals with hemorrhagic Moyamoya Disease. It examines re-hemorrhage rates, functional recov-
ery, and clinical outcomes during a mean follow-up time of 61.4 months. The group includes 104 patients, with the 
majority receiving STA-MCA bypass surgery. The results demonstrated a much lower re-hemorrhage rate of 7.7%, 
compared to natural progression rates of 32-61%. Improved functional performance was demonstrated, notably with 
lower modified Rankin Scale scores after surgery. Direct revascularization approaches produced better results, alt-
hough predicted criteria for re-hemorrhage remained equivocal. The study emphasizes the need for more extensive, 
multicenter investigations to generalize its findings (Abhinav et al., 2019; OpenAI, 2024): 

Poor natural history of hemorrhagic Moyamoya disease (MMD) is related to high rehemorrhage rates be-
tween 32% and 61%. Postrevascularization, rehemorrhage rates reportedly decrease to 12% to 17%. To evaluate long-
term functional outcomes and rehemorrhage rates of hemorrhagic MMD patients treated with surgical revasculariza-
tion and examine these in relation to clinical and radiological factors. Patients treated surgically for hemorrhagic MMD 
over a 26-year period were identified. A total of 104 patients (mean age: 38.04 yr) were identified. The mean mRS 
score at baseline was 1.3. Over the mean follow-up of 61.4 months, 8 of 104 patients (7.7%) experienced rehemorrhage 
with rehemorrhage rate per person-years of 1.9%. (Abhinav et al., 2019) 
 This study emphasizes the relevance of surgical procedures in reducing hemorrhagic risks and increasing 
recovery from Moyamoya Disease. The lengthy follow-up time contributes to a better understanding of the long-term 
effectiveness of these operations. The link between direct bypass surgery and improved outcomes is consistent with 
more significant surgical trends favoring focused techniques. Its systematic use of clinical scales, such as the mRS, 
improves its suitability for comparison studies. However, the single-institution architecture limits application to vari-
ous demographics and healthcare systems. Future research could build on these findings by investigating variables for 
better patient selection and outcomes. The work helps further debates on improving cerebrovascular health by surgical 
revascularization (OpenAI, 2024). 
 
Predictors and Long-Term Results of Revascularization Surgery in Ischemic-Type Moyamoya 
Disease 
 
As predictors for surgical success gain importance, this study identifies key factors influencing outcomes in ischemic-
type Moyamoya patients post-revascularization. This study investigates the long-term impact of revascularization sur-
gery on ischemic Moyamoya Disease. A total of 346 patients received 437 operations aimed at improving cerebral 
hemodynamics and preventing stroke recurrence. The results revealed a perioperative stroke rate of 6.9% and a yearly 
stroke recurrence rate of 1.2%. Age at the start and posterior cerebral artery stenosis were identified as indicators of 
poor outcomes. Pediatric patients showed more muscular long-term gains than adults. The study stresses the im-
portance of direct and combination methods in preventing ischemia problems. Further research into personalized sur-
gical methods for distinct patient demographics is recommended (Yu et al., 2019; OpenAI, 2024): 

Recurrent stroke after surgical revascularization is still a big issue for moyamoya disease (MMD). This study 
aims to identify predictors for postoperative stroke and unfavorable outcomes in ischemic-type MMD. A total of  346 
patients underwent 437 revascularization procedures, with a mean follow-up period of 4.0 years. The incidence of 
perioperative stroke was 6.9%. Being an adult at onset and posterior cerebral artery (PCA) stenosis were predictors of 
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perioperative stroke. The annual subsequent stroke rate beyond 30 days after surgery was 1.2%. Age at onset and 
ischemic stroke at presentation were associated with a higher risk of postoperative stroke, emphasizing the need for 
individualized perioperative care and treatment strategies. (Yu et al., 2019) 
 The study offers excellent benefits by finding important determinants of surgical outcomes in ischemic Mo-
yamoya Disease. Its emphasis on angiographic severity and age as predictors improves patient selection criteria. Pe-
diatric results demonstrate the possibility of early treatments to improve cerebrovascular health. The emphasis on 
direct and mixed revascularization is consistent with existing data supporting these approaches for stroke prevention. 
However, the retroactive approach and geographical focus limit its applicability to worldwide populations. Collabo-
rative research with varied cohorts must validate these findings in various healthcare settings. This source adds to the 
inquiry by emphasizing the significance of individualized surgical techniques for optimum recovery (OpenAI, 2024). 
 
Efficacy of Direct Revascularization in Preventing Rebleeding and Enhancing Collateral 
Formation 
 
To minimize postoperative complications, recent analyses compare the effectiveness of direct and indirect revascu-
larization approaches in reducing rebleeding risks and enhancing collateral formation. This study looks at revascular-
ization's clinical and radiological effects in hemorrhagic Moyamoya Disease. It conducted a retrospective analysis of 
312 patients to compare the effectiveness of direct and indirect surgical procedures. The study found that direct revas-
cularization was related to lower rebleeding rates (8.5%) than indirect techniques (19.1%). Patients who underwent 
direct operations also exhibited considerable improvement in collateral formation and decreased aberrant vascular 
dilatation. The study found untreated aneurysms and indirect revascularization as significant risk factors for postop-
erative rebleeding. While the study emphasizes the advantages of direct approaches, it also recognizes the need for 
prospective validation to support these findings. The authors advocate for more research into improving surgical pro-
cedures to enhance long-term results (Kang et al., 2020; OpenAI, 2024): 

To evaluate clinical and radiological outcomes after revascularization of hemorrhagic moyamoya disease 
(MMD). A total of 312 patients underwent 319 revascularization procedures, with 186 hemispheres receiving direct 
revascularization and 133 hemispheres receiving indirect revascularization. Postoperative rebleeding rates were sig-
nificantly lower in the direct revascularization group as were poor neurological outcomes. However, there were no 
significant differences in postoperative ischemic stroke (1.1% vs. 4.6%, P = 0.129) or death (4.5% vs. 8.4%, P = 0.162) 
rates. Direct revascularization is superior to indirect revascularization for reducing rebleeding and achieving better 
neurological outcomes in patients with hemorrhagic MMD. (Kang et al., 2020) 
 This source gives crucial information on the efficacy of direct vs indirect revascularization procedures. Its 
emphasis on rebleeding rates and collateral improvement is consistent with the study's focus on long-term cerebro-
vascular health. Identifying risk variables for postoperative problems helps improve patient selection criteria, resulting 
in improved surgical results. Incorporating radiographic examinations facilitates a thorough comprehension of func-
tional and vascular improvements. Despite its usefulness, the retrospective design restricts its capacity to determine 
causality. The study's conclusions would be more reliable if it included randomized trials. Overall, the study contrib-
utes significantly to understanding surgical alternatives for hemorrhagic Moyamoya Disease (OpenAI, 2024). 
 
Combined Revascularization Surgery: Long-Term Benefits and Risk Factors for Rebleeding in 
Hemorrhagic Moyamoya Disease 
 
This study evaluates the benefits of combined revascularization surgery for long-term cerebrovascular stability to 
address the persistent risks of rebleeding in hemorrhagic Moyamoya disease. This study examines the long-term re-
sults of simultaneous revascularization surgery in adult patients with hemorrhagic Moyamoya Disease. It followed 93 
patients for a median of 77 months to evaluate rebleeding rates and functional recovery. Ipsilateral rebleeding was 
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observed in 6.5% of patients, while contralateral rebleeding was connected to disease development in the non-operated 
hemisphere. The findings demonstrated the efficacy of simultaneous revascularization in increasing anterior and pos-
terior communicating arterial dilatation. This improvement was related to a decrease in ipsilateral rebleeding risks. 
The study underlines the need to treat both hemorrhagic and non-hemorrhagic hemispheres to ensure complete treat-
ment. Its limitations include a single-center design and the exclusion of non-hemorrhagic patients. Further research is 
needed to confirm the protective mechanisms discovered in this study (Jiang et al., 2018; OpenAI, 2024): 

Rebleeding after revascularization remains a concern in hemorrhagic moyamoya disease (MMD). A study of 
105 adult patients who underwent combined revascularization surgery found that the annual risk of ipsilateral rebleed-
ing was 0.62%, significantly lower than the natural history of the disease. The study observed improved anterior 
choroidal artery (AChA) and posterior communicating artery (PCoA) dilation in the operated hemispheres. Progres-
sion of the Suzuki stage in nonhemorrhagic hemispheres was associated with contralateral rebleeding. These findings 
support the efficacy of combined revascularization surgery in reducing rebleeding risk and highlight the importance 
of monitoring angiographic progression in both hemispheres post-surgery. (Jiang et al., 2018) 
 This material is critical for understanding the function of combined revascularization in treating hemorrhagic 
Moyamoya disease. Its long-term statistics give helpful information about the durability and efficacy of surgical pro-
cedures. The data on ipsilateral and contralateral rebleeding highlight the significance of complete treatment options. 
The study's emphasis on changes in arterial dilation is consistent with the investigation's focus on long-term cerebro-
vascular health. However, the restricted cohort and institutional bias limit its applicability to larger populations. Ex-
panding the research to incorporate multicenter and multinational studies might increase its usefulness. This paper 
significantly advances surgical methods for Moyamoya disease care (OpenAI, 2024). 
 
Novel Angiographic Scoring System to Evaluate Post-Revascularization Outcomes in Moyamoya 
Disease 
 
With advancements in postoperative assessment, this study introduces a novel angiographic scoring system to quantify 
the vascular and clinical improvements following revascularization. The clinical and angiographic results of revascu-
larization in Moyamoya Disease are assessed in this study utilizing a unique angiographic scoring system (AOS). It 
studied 33 individuals who underwent 40 operations, including indirect and combination approaches, during 20 
months. Postoperative results showed considerable improvements in collateral development, perfusion, and regression 
of basal Moyamoya arteries. The newly designed AOS provides an objective measure for evaluating these advance-
ments, supplementing previous grading systems such as Matsushima. None of the patients developed additional is-
chemia episodes or infarctions after surgery. The study emphasizes the ease and reliability of AOS for standardizing 
angiographic assessments. The cohort lacked modern surgical methods and had a tiny sample size. Future proposals 
focus on the score system's more extensive application and validation (Sahoo et al., 2015; OpenAI, 2024): 

The Angiographic Outcome Score (AOS) was devised to objectively assess the success of revascularization 
in moyamoya disease. A retrospective study involving 33 patients evaluated preoperative and follow-up angiograms 
after indirect or combined revascularization. Results showed significant regression of basal moyamoya vessels and 
increased transdural collateral formation postoperatively, with a statistically significant increase in AOS scores. Ma-
tushima grade A perfusion was achieved in 60% of cases. The study concluded that the AOS is a reproducible, precise 
tool for assessing favorable angiographic changes, supporting the efficacy of encephalo-duro-arterio-myo-synangiosis 
as a simple yet effective revascularization method in moyamoya patients. (Sahoo et al., 2015) 
 Using a unique scoring system improves the study's usefulness in measuring revascularization results for 
Moyamoya Disease. The AOS provides an organized and objective method for analyzing angiographic alterations, 
making it an essential complement to the research. The study's findings on better perfusion and decreased ischemia 
episodes support the value of surgical intervention in preserving cerebrovascular health. Its emphasis on the repeata-
bility of the scoring system is consistent with the necessity for uniform measurements in comparative research. How-
ever, the small sample size and lack of variety in methodologies restrict its representativeness. Expanding the use of 
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AOS across larger, multicenter groups would demonstrate its effectiveness. This study provides crucial tools for fine-
tuning surgical techniques and assessing their efficacy in Moyamoya Disease therapy (OpenAI, 2024). 
 

Methods 
 
This investigation utilized a computer with an internet connection and an internet browser (Google). In order to find 
the sources required for this investigation, Google Scholar was paramount for pinpointing the necessary sources to 
elucidate the research question. Other resources, such as OpenAI's ChatGPT and QuillBot, were utilized to effectively 
rephrase the content to ensure its clarity and originality and develop a cohesive structure of the arguments and other 
ideas for readability. The mentioned resources also facilitated the source-seeking and identification process by provid-
ing valuable strategies to locate credible and relevant sources. Although the internet connection was unstable at times, 
it proved sufficient to conduct all the required constituents of this investigation. Even though some sources are not 
peer-reviewed, the investigation mentor revised them and approved them while confirming their validity. All these 
components working in tandem created the optimal conditions for the consummation of this project.  
 Due to its use of data-collective, statistical analysis, and objective measurement content, the following inves-
tigation is quantitative. This inquiry gathered data by systematically examining peer-reviewed articles on Google 
Scholar using keywords such as "Moyamoya disease" and "revascularization outcomes." Selected studies used neuro-
psychological tests (e.g., Wechsler Adult Intelligence Scale), radiological instruments (e.g., MRI, SPECT imaging), 
and clinical scales (e.g., Modified Rankin Scale) to assess cognitive, clinical, and vascular results. Longitudinal de-
signs with follow-up periods spanning months to years enabled robust analysis utilizing Reliable Change Indices (RCI) 
and regression models. These approaches provided detailed information about the impact of revascularization surgery 
on Moyamoya patients (OpenAI, 2024). This investigation was completed utilizing a documentary analysis design. 
To populate this research, it was necessary to specify the purpose of each of the ten sources used. Furthermore, it was 
essential to recognize the source's design and approach, indicate the target audience, highlight their limitations, and 
determine their recommendations and findings. An analytical component outlining the significance of the data pre-
sented in the inquiry was generated, so a descriptive content analysis methodology had to be utilized for this investi-
gation. 
 

Results & Limitations 
 
The reviewed research emphasizes the numerous advantages of revascularization surgery for Moyamoya illness, in-
cluding its role in lowering stroke risk, increasing cerebrovascular reactivity (CVR), and improving clinical and cog-
nitive results. Long-term clinical stability, hemodynamic improvements, and reduced transient ischemic episodes 
(TIAs) were consistent findings across investigations (Cho et al., 2014; Teo et al., 2023; Deckers et al., 2022). Patients 
receiving direct revascularization showed improved collateral development and lower risk of rebleeding, particularly 
in hemorrhagic Moyamoya instances (Kang et al., 2020; Jiang et al., 2018). Cognitive results varied, with some pa-
tients improving in certain areas, such as language in youngsters, while others remained stable or declined, highlight-
ing the complexities of cognitive rehabilitation (Zeifert et al., 2017; Uchida et al., 2021; OpenAI, 2024). 

Certain investigations gave novel insights into the factors and processes underlying postoperative outcomes. 
For example, posterior cerebral artery involvement and preoperative cerebral perfusion were associated with cognitive 
recovery, although younger patients frequently showed greater functional and cognitive gains (Yu et al., 2019; Deckers 
et al., 2022). However, several questions remain, notably about the function of postoperative hyperperfusion and its 
relationship to cognitive impairment (Uchida et al., 2021). Limitations in research, such as small sample numbers, 
single-center designs, and short follow-up periods, limited external validity and generalizability (Cho et al., 2014; 
Sahoo et al., 2015; OpenAI, 2024). 
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The findings highlight the major clinical and cognitive advantages of revascularization in Moyamoya illness, 
while also emphasizing the diversity in cognitive outcomes. Combined and direct methods were typically linked to 
superior outcomes, particularly in terms of reducing ischemia complications and improving quality of life (Teo et al., 
2023; Abhinav et al., 2019). However, diversity in cognitive recovery and functional performance emphasizes the 
need of customized surgical techniques that take into account age, preoperative cerebral perfusion, and posterior cer-
ebral artery involvement (Yu et al., 2019; Kang et al., 2020; OpenAI, 2024). 

Future studies should use multicenter designs with bigger and more varied populations to increase generali-
zability and external validity. Extended follow-up periods are required to capture progressive changes in cognitive 
outcomes and cerebrovascular health. Furthermore, future study should investigate the impact of hyperperfusion and 
other neurophysiological variables in postoperative cognitive impairment (Uchida et al., 2021). Emphasizing quality-
of-life indicators like functional independence and social reintegration would offer a more complete picture of surgical 
effectiveness (Teo et al., 2023). Furthermore, establishing predictive models that include patient-specific characteris-
tics such as age, posterior cerebral artery involvement, and baseline CVR may improve patient selection and surgical 
planning (Deckers et al., 2022; Yu et al., 2019; OpenAI, 2024). 

Finally, future research should look at novel surgical approaches, such as better ways for indirect revascular-
ization, and assess their efficacy using standardized metrics such angiographic scoring systems (Sahoo et al., 2015). 
By filling these gaps, the corpus of knowledge on revascularization surgery for Moyamoya illness can grow, leading 
to better results and patient care globally (OpenAI, 2024). 
 

Discussion, Conclusion & Future Directions 
 
The reviewed research emphasizes the numerous advantages of revascularization surgery for Moyamoya illness, in-
cluding its role in lowering stroke risk, increasing cerebrovascular reactivity (CVR), and improving clinical and cog-
nitive results. Long-term clinical stability, hemodynamic improvements, and reduced transient ischemic episodes 
(TIAs) were consistent findings across investigations (Cho et al., 2014; Teo et al., 2023; Deckers et al., 2022). Patients 
receiving direct revascularization showed improved collateral development and lower risk of rebleeding, particularly 
in hemorrhagic Moyamoya instances (Kang et al., 2020; Jiang et al., 2018). Cognitive results varied, with some pa-
tients improving in certain areas, such as language in youngsters, while others remained stable or declined, highlight-
ing the complexities of cognitive rehabilitation (Zeifert et al., 2017; Uchida et al., 2021; OpenAI, 2024). 

Specific investigations gave novel insights into the factors and processes underlying postoperative outcomes. 
For example, posterior cerebral artery involvement and preoperative cerebral perfusion were associated with cognitive 
recovery, although younger patients frequently showed greater functional and cognitive gains (Yu et al., 2019; Deckers 
et al., 2022). However, several questions remain, notably about the function of postoperative hyperperfusion and its 
relationship to cognitive impairment (Uchida et al., 2021). Limitations in research, such as small sample numbers, 
single-center designs, and short follow-up periods, limited external validity and generalizability (Cho et al., 2014; 
Sahoo et al., 2015; OpenAI, 2024). 

The findings highlight the significant clinical and cognitive advantages of revascularization in Moyamoya 
illness while emphasizing the diversity in cognitive outcomes. Combined and direct methods were typically linked to 
superior outcomes, particularly in reducing ischemia complications and improving quality of life (Teo et al., 2023; 
Abhinav et al., 2019). However, diversity in cognitive recovery and functional performance emphasizes the need for 
customized surgical techniques considering age, preoperative cerebral perfusion, and posterior cerebral artery involve-
ment (Yu et al., 2019; Kang et al., 2020; OpenAI, 2024). 

Future studies should use multicenter designs with more extensive and varied populations to increase gener-
alizability and external validity. Extended follow-up periods are required to capture progressive cognitive outcomes 
and cerebrovascular health changes. Furthermore, future studies should investigate the impact of hyperperfusion and 
other neurophysiological variables in postoperative cognitive impairment (Uchida et al., 2021). Emphasizing quality-
of-life indicators like functional independence and social reintegration would offer a more complete picture of surgical 
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effectiveness (Teo et al., 2023). Furthermore, establishing predictive models that include patient-specific characteris-
tics such as age, posterior cerebral artery involvement, and baseline CVR may improve patient selection and surgical 
planning (Deckers et al., 2022; Yu et al., 2019; OpenAI, 2024). 
 Finally, future research should examine novel surgical approaches, such as better indirect revascularization 
methods, and assess their efficacy using standardized metrics, such as angiographic scoring systems (Sahoo et al., 
2015). By filling these gaps, the corpus of knowledge on revascularization surgery for Moyamoya illness can grow, 
leading to better results and patient care globally (OpenAI, 2024). 
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