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ABSTRACT OF THE THESIS 

EDAS for Adult Intracranial Arterial Steno-Occlusive Disease. Long-Term Single Center 

Experience With 107 Operations. 

by 

Nestor Raul Gonzalez 

Master of Science in Clinical Research 

University of California, Los Angeles, 2015 

Professor Robert M. Elashoff, Chair 

Purpose: Encephaloduroarteriosynangiosis (EDAS) is a form of revascularization that has 

shown promising early results in the treatment of adult patients with moyamoya disease (MMD) 

and more recently in patients with intracranial atherosclerotic arterial steno-occlusive disease 

(ICASD). Herein we present the long-term results of a single-center experience with EDAS for 

adult MMD and ICASD. 

Methods: Patients with ischemic symptoms despite intensive medical therapy were considered 

for EDAS. All patients undergoing EDAS were included. Clinical data from a retrospective 

dataset and a prospective cohort were collected, including recurrence of TIA and/or stroke, 

functional status, and death. Perren revascularization and ASITN collateral grades were recorded 

from angiograms. 

Results: 107 EDAS were performed in 82 adults, 36 ICASD & 46 MMD. During a median 
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follow-up of 22 months, 2 (2.4%) patients had strokes, only in the ICASD group. The probability 

of stroke-free survival at 2 years in the ICASD group was 94.3% (95%CI 80-98.6%). There were 

no strokes in the MMD group. The probability of TIA-free survival at 2 years was 89.4% 

(95%CI 74.7-96%) in ICASD and 99.7% (95%CI 87.5-99.9%) in MMD. There were no 

hemorrhages or stroke-related deaths. Angiograms in 85.7% of ICASD and 92% of MMD 

patients demonstrated Perren grade 3 and improvement in ASITN grade in all cases.  

Conclusions: EDAS is well tolerated in adults with MMD and ICASD and improves collateral 

circulation to territories at risk. The rates of stroke after EDAS are lower than those reported 

with other treatments, including intensive medical therapy in patients with ICASD. 
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INTRODUCTION 

Encephaloduroarteriosynangiosis (EDAS) is a form of indirect revascularization that has 

been employed for the treatment of pediatric moyamoya disease (MMD) since the 1970’s.1 The 

application of EDAS for adults with MMD has shown promising results in the early 

postoperative period2 and its use has been extended to the treatment of select patients with 

intracranial atherosclerotic arterial steno-occlusive disease (ICASD).3 ICASD is the most 

common cause of stroke worldwide.4-6 It accounts for at least 10% of all strokes in the United 

States7 and as much as 33% to 67% of stroke in countries with predominantly Asian, Hispanic, 

and Black populations.4 ICASD carries a worse prognosis than other stroke etiologies with a rate 

of recurrent stroke and death of 15% despite intensive medical management,8 and as high as 25% 

in certain populations.9 Interventions such as angioplasty and stenting or bypass surgery have 

failed to improve outcomes in ICASD10-12 and have not been tested in pivotal clinical trials for 

MMD.  Demonstrating the long-term effectiveness of the EDAS procedure in generating 

neovascularization and preventing transient ischemic attacks (TIAs) or stroke in patients with 

ICASD or MMD is a key step in establishing this technique as a useful alternative for their 

treatment. Herein we present the long-term results of our center’s utilization of EDAS surgery in 

adult patients with ICASD and MMD, based on the application of a meticulous protocol of 

operative and perioperative management for these conditions. 

MATERIALS & METHODS 

All adult patients with a diagnosis of ICASD or MMD treated with EDAS surgery in our 

institution from October 1989 to February 2014 were included. This population comprises a 

retrospectively collected series of the initial cases between 1989 and 2007 and a prospectively 
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monitored cohort of the surgeries since then. Our Institutional Review Board approved this 

study. 

Criteria for Selecting Patients for EDAS Treatment: Patients with symptomatic intracranial 

arterial stenosis, either due to MMD or ICASD, are considered for indirect revascularization by 

EDAS if they have transient ischemic attacks (TIA) or non-disabling stroke despite optimized 

medical management with antiplatelet medications in cases of MMD and with antiplatelet 

medications, statins, adequate blood pressure control, and secondary risk factors management 

(diabetes control, smoking cessation, weight loss, and exercise) in ICASD. Initial work-up 

includes MRI with perfusion imaging as well as catheter cerebral angiography. Patients with 

evidence of hypoperfusion and poor collateral flow (American Society of Interventional and 

Therapeutic Neuroradiology [ASITN] Grades 0-2) with persistent ischemic symptoms are 

considered as candidates for surgical treatment with EDAS. Patients with atherosclerotic disease 

undergo a standardized cardiac evaluation prior to surgery. 

A diagnosis of highly probable MMD is made in individuals who present with evidence 

of bilateral intracranial disease involving predominantly the internal carotid arteries and/or 

proximal anterior and middle cerebral arteries with no evidence of vessel calcification and with 

angiographic collaterals characteristic of MMD. Individuals with unilateral intracranial internal 

carotid artery disease without calcification of the arterial wall, without risk factors for 

atherosclerosis, and with angiographic collaterals characteristic of MMD are considered probable 

MMD and were included as MMD cases. A diagnosis of ICASD is made in individuals with 

intracranial arterial disease with evidence of vessel wall calcification and history of 

atherosclerotic risk factors, including a history of hypertension, dyslipidemia, diabetes mellitus, 
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smoking, and/or coronary or peripheral vascular atherosclerotic disease. Details of the diagnostic 

criteria are provided in the supplementary materials.  

Perioperative and Anesthesia Care: Optimal care of adult patients with intracranial arterial 

steno-occlusive disease requires careful pre-operative preparation, intra-operative anesthetic 

management and post-operative critical care. Throughout the complete process the goal is to 

avoid any hypotension, hypovolemia, anemia, or vasoconstriction, while maintaining antiplatelet 

medications and controlling other stroke risk factors. To achieve this goal we have developed 

strict guidelines for management of these patients including anesthetic management and post-

operative critical care. All patients undergoing surgery receive a dose of aspirin 325 mg on the 

date of surgery and for at least 3 days prior to the procedure. The baseline systolic blood pressure 

(SBP) at which the patient is asymptomatic is identified in clinic prior to surgery and is 

considered to be the minimum systolic blood pressure limit for surgical anesthesia as well as 

post-operative care. The maximum SBP goal is set at 200 mmHg. Hyperventilation is avoided 

during surgery to reduce the risk of vasoconstriction and hypoperfusion. After intubation, the end 

tidal CO2 is maintained in the 35 to 45 mmHg range. An antiseizure medication loading dose is 

administered over 60 minutes to avoid hypotension. Mannitol and corticosteroids are not 

administered. The hematocrit is monitored and maintained in the 30 – 50% range. All patients 

receive an arterial catheter for blood pressure monitoring as well as a central venous catheter for 

monitoring central venous pressure. The goal of fluid management is to maintain euvolemia to 

modest hypervolemia. Body temperature is monitored and the goal is normothermia. Systemic 

hypothermia and/or barbiturates are not used, as there is no temporary occlusion of intracranial 

arteries during EDAS. 
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Surgical Technique: The surgical technique for EDAS has been published before.2 However, the 

performance of this operation in adults, in particular in those with ICASD, requires specific 

technical modifications. The most relevant modifications include: maintenance of antiplatelet 

medications during the surgery, microscopic dissection of the donor arteries (superficial temporal 

artery [STA] and middle meningeal artery [MMA]), minimization of cauterization of donor 

vessels branches, dissection of the layers of the dura-matter, and extensive microscopic 

arachnoid dissection. A detailed description of the surgical procedure is provided in the 

supplementary materials for this manuscript. 

Postoperative Management: Following surgery, patients are monitored in recovery and the 

neuro-critical care unit with hourly neurological examinations and vital sign monitoring. Nursing 

staff has been trained to perform NIHSS evaluations and to recognize and report subtle changes 

in neurological exam. Strict blood pressure and fluid management goals are monitored and 

maintained as during anesthesia. Only drips of Nicardipine and norepinephrine are used as 

needed to maintain blood pressure within the goal range, avoiding PRN medications. Daily 

aspirin is continued post-operatively (325 mg PO daily or 300 mg PR daily). Antiseizure 

medication is continued for 7 days. Patients are transferred to the floor when in stable 

neurological condition and not requiring drips to maintain their blood pressure in the 

asymptomatic range. The patients are discharged home once their blood pressure is stable 

without PRN medications and when they have been cleared by physical and occupational 

therapy. Patients whose data is being collected prospectively have their neurological 

preoperative, immediate postoperative, and return visits assessments completed by neurologists 

from the stroke center and their evaluations are used in this study. In the cases with retrospective 
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data collection the evaluation from independent neurologists from the stroke center were also 

preferred for the functional evaluations used for this study.  

Clinical data was collected from all patients’ medical records and case report forms 

including general demographic data, surgery date, last follow-up date, neurological condition at 

baseline and last follow-up, presence of recurrent TIA and/or stroke, and stroke related death. 

Additionally, last follow-up cerebral angiography date was recorded. Perren revascularization 

grade,13 ASITN collaterals grade,14 and presence of direct filling of intracranial vessels by 

selective external carotid artery injection was recorded for those patients with suitable post-

operative angiograms for evaluation of these scales. 

Statistical Analysis: Demographics and outcomes are reported as means ± standard deviations for 

normally distributed variables, and medians and interquartile ranges for skewed variables. 

Comparisons between the MMD and ICASD groups were made with student t-tests for normally 

distributed variables. Wilcoxon rank sums tests were used for non-parametric comparison 

between non-normally distributed variables and chi-square was used for comparison of 

proportions. TIA-free survival and stroke-free survival analyses were performed using the 

product limit estimator (Kaplan-Meir) method, an administrative limit censoring time of 72 

months was selected. Survival comparisons between groups were done using the log-rank 

(Mantel) test. The log(-log(Surv)) plot versus time showed an approximate linear relation, 

indicating that the Weibull parametric distribution should provide a good fit for the data. Using 

the Weibull parametric fit the survival probabilities at 12, 24, and 36 months were calculated. All 

statistical analyses were performed with JMP Pro 11 (SAS Institute Inc, Cary, NC). 
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RESULTS 

Patient Demographics: We performed EDAS surgeries on 107 hemispheres in 82 adult patients, 

36 with ICASD and 46 with MMD, with a median follow-up of 24 months for patients with 

ICASD and 20 months for patients with MMD. General descriptive statistics, comparing groups, 

are presented in Table 1. There were no statistical differences in gender distribution or duration 

of clinical follow-up between the two groups. However, there is an expected difference in age 

between the ICASD and MMD patients (mean 50.4 years ± 16.23 vs. 36.5 years ± 9.19, 

respectively; p<0.0001). The majority of patients in both groups were Caucasian, 50% in the 

ICASD and 58.7% in the MMD group. There were no significant differences in race or ethnicity 

between groups. Angiographic follow-up was longer for MMD patients (median 19 months vs. 7 

months for ICASD cases, p=0.03).  

Vascular Lesions: In the MMD group, bilateral disease was present in 26 patients (56.5%) and 

unilateral disease in 20 patients (43.5%). In the ICASD group, bilateral disease was present in 4 

patients (11.1%) and unilateral disease in 32 patients (88.9%). None of the patients with bilateral 

disease had critical stenosis (>70%) on the contralateral side. In the ICASD group, the critical 

lesion on the operated side involved the intracranial internal carotid artery in 17 cases (47%), the 

M1 segment of the middle cerebral artery in 12 cases (33%), the ICA and M1 segment in 4 cases 

(11%), the M2 MCA in 2 cases (6%), and the MCA and ACA in one case. The degree of stenosis 

in the patients with ICASD ranged from 70% to complete occlusion, with a median stenosis of 

99% (IQR=95-100). There were complete occlusions in 12 (33.3%) of the cases. 
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Clinical Outcomes: During the immediate operative period and within 30 days following EDAS 

surgery, there was one ischemic stroke in a patient in the ICASD group (0.9% [1/107] of 

operations) and no stroke related deaths or hemorrhagic complications following the 107 

operations. The ischemic stroke occurred in a 53 y/o male with end-stage kidney disease who 

suffered worsening of aphasia with MRI findings confirming a new area of ischemia in the left 

frontal lobe. The patient had partial improvement of his symptoms at 1-month follow-up. During 

the full follow-up period 10 patients (12.2%) experienced new TIAs. There was no significant 

difference in the proportion of patients with incident TIA between the two groups although they 

were nominally more common in patients with ICASD (MMD 8.7% vs. ICASD 16.7%; p=0.28). 

The duration of TIA-free survival was excellent for both groups, with no statistically significant 

difference, as shown in the Kaplan Meir curves in Figure 1. The calculated probability of TIA-

free survival at 2 years at which point 53% of ICASD cases and 49% of MMD cases were still 

being followed was 89.4% (95% CI 74.7-96%) for ICASD and 99.7% (95% CI 87.3-99.9%) for 

MMD. Table 2 provides the annual probability of TIA-free survival.  

During the full follow-up period 2 patients (2.4% [2/82]) experienced strokes, both 

ischemic. They occurred in the ICASD group (5.6% [2/36]). These include the perioperative 

stroke described above and an ischemic stroke in an 83 year-old female, 3 months after surgery. 

This patient died from respiratory complications associated with aspiration pneumonia. This is 

the only stroke-related death in this cohort. The stroke-free survival stabilized after the initial 3-

month post-operative period as shown in the Kaplan Meir curve in Figure 1. The calculated 

probability of stroke-free survival at 2 years at which point 53% of ICASD cases were still being 

followed was 94.3% (95%CI 80.0-98.6%). Table 2 provides the annual probability of stroke-free 
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survival in the ICASD group. There were no strokes in the MMD group. Patients’ adherence to 

follow-up visits was 83.3% for ICASD patients and 52.2% for MMD cases. 

Functional outcome data demonstrated good outcomes (modified Rankin scale [mRS] 

score of 0 – 2) in 81.7% globally. Patients with ICASD had mRS ≤ 2 in 77.8% of cases before 

surgery and 83.3% of cases after EDAS. MMD patients had mRS ≤ 2 in 82.6% of cases before 

surgery and 80.4% after EDAS surgery. Figure 2 shows the mRS distribution at baseline and last 

follow-up.  

Angiographic Outcomes: Post-operative angiograms were available for review in 53 cases (28 

ICASD and 25 MMD), at a median of 7 months (IQR=6-15.5) after surgery in the ICASD group 

and 16 months (IQR=7.8-32.8) in the MMD group. ASITN Grades could be determined in 43 

cases (24 ICASD and 19 MMD). Overall, patients in both groups (85.7% in ICASD and 92% in 

MMD) demonstrated excellent revascularization (Perren grade 3) without a significant difference 

between the groups. There were no cases without evidence of revascularization (Perren grade 1). 

Collaterals, as indicated by ASITN grade, improved in all patients. There was no 

significant difference in the proportions of ASITN grades post-operatively between the two 

groups. Complete collaterals to the territory at risk (ASITN 3 & 4) were seen in 62.5% of 

ICASD patients and 52.6% of MMD patients. Table 3 describes the specific ASITN grades for 

each group. 
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Early Angiographic Results 

A subset of 17 patients (3 moyamoya & 14 ICASD) had early angiograms, within 6 

months after EDAS surgery. The early angiograms were performed at a median of 168 days 

(IQR=102-180), range 7 - 180 days, post-operatively. Fourteen patients had excellent 

revascularization (Perren grade 3), 2 patients had moderate revascularization (Perren grade 2), 

and one patient, whose angiogram was performed 7 days after surgery, did not demonstrate 

visible collaterals (Perren grade 1). This very early angiogram is of particular interest because, 

although no new vessels were observed, after selective contrast injections of the external carotid 

donor branches there was evidence of transit of the contrast media into the superior sagittal sinus. 

This finding was not present in the preoperative angiogram, suggesting the possibility of early 

small anastomoses of diameters below the resolution of digital subtraction angiograms of 200 

µm (Figure 3). In addition, in this early angiogram group there were 2 patients with very early 

angiograms at 1 and 2 months after EDAS that already demonstrated revascularization (Perren 

grades 3 & 2). 

DISCUSSION 

The surgical induction of collateral vessels to supply vascular territories at risk for stroke 

in patients with steno-occlusive disease is an intriguing concept. On one hand, the process of 

neovascularization from arteries of the external carotid circulation, the formation of spontaneous 

connections to the intracranial vessels, and their maturation into vessels capable of supporting 

the cerebral circulation offer unprecedented opportunities to understand mechanisms of 

angiogenesis and arteriogenesis and their potential role as therapeutic tools.9 On the other hand, 

only if this process can protect individuals at risk from stroke early enough and in the long-term 
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with stable mature collaterals should EDAS be considered a viable alternative to other strategies 

of treatment. Although no pivotal clinical trials have been performed in the setting of adult 

individuals with MMD, various forms of indirect revascularization including EDAS have been 

used in the treatment of MMD for decades.15 We have previously shown that adult patients with 

MMD typically have good outcomes in the short-term with resolution of ischemic symptoms in 

most patients.2  Furthermore, follow-up angiograms in those early experiences demonstrated 

significant neovascularity, including enlargement of the feeding external carotid artery branches 

(STA and MMA), new vascular blush, and direct filling of intracranial arteries from selective 

external carotid artery injection in a majority of patients. The long-term clinical and angiographic 

results presented here confirm the early findings of the utility of EDAS to protect against TIA, 

stroke and stroke-related death, with excellent event-free-survival rates and evidence of 

neovascularization with no hemorrhagic complications in adult patients with MMD. 

The application of EDAS for patients with intracranial atherosclerosis was discouraged 

by the results of the small case series of Komotar et al., who studied 12 symptomatic patients.16

However, they did not apply indirect revascularization for intracranial stenosis, but rather for 

intracranial occlusion (11 of the 12 patients). Several aspects of their patient selection and 

management differ from our approach: they included patients with severe diffuse disease in 

multiple vascular territories, there was no consistent intensive medical management, strict 

intraoperative and postoperative protocols for blood pressure and fluid management were 

lacking, and antiplatelet medications were not administered during surgery. These details of our 

approach and the technical modifications with scrupulous microsurgical vascular dissection and 

hemostasis are key elements in the revascularization of patients with ICASD. Patients with 

ICASD represent a more challenging group compared with MMD, as they are typically older, 
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have higher cardiac risk, and have shown to be more resistant to other forms of treatment, such 

as direct bypass, angioplasty and stenting, with high recurrent stroke rates reported in the 

literature despite intensive medical management.10-12, 17-20 

Observations in clinical trials have confirmed an important role for collateral circulation 

in averting stroke in ICASD, providing pathophysiologic support for the hypothesis that 

collateral enhancement by EDAS could improve outcome. Evaluation of the WASID population 

demonstrated that when the degree of arterial luminal stenosis was severe (≥70%), the presence 

of good collaterals had a dramatic role in averting stroke. Presence of poor collaterals increased 

the risk of stroke by 6-fold in the compromised vascular territory (no collaterals or poor vs. good, 

30% vs. 5%, HR 6.05; 95%CI 1.41-25.92; log rank p=0.0056).21 Angiographic analysis of the 

collateral circulation of patients enrolled in SAMMPRIS found that none of 117 patients with 

good collaterals (ASITN Grades 3 and 4, 66 in the medical arm and 51 in the stent arm) had 

strokes within 30 days of enrollment.22 While some patients with stenosis develop adequate 

leptomeningeal collaterals on their own, those patients that remain symptomatic can potentially 

benefit from the additional collaterals created as a result of the EDAS procedure. We have 

previously reported on the initial group of ICASD patients managed with EDAS with good early 

results.3  Here we have expanded upon that series with additional patients and longer follow-up 

demonstrating excellent overall control of ischemic symptoms and a very low rate of recurrent 

stroke after treatment, comparable to that obtained in patients with MMD, for whom the 

treatment has an established role. 

While it has generally been assumed that EDAS takes many months to develop 

significant collaterals, Perren et al. demonstrated evidence of neovascularity much earlier in 

MMD patients.13 Our patients with angiographic follow-up, including 14 patients with ICASD 
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with early post-EDAS angiograms, also demonstrated good collateral formation as early as 1 

month after surgery with the suggestion of possible early formation of collaterals of a size below 

the resolution of angiography as early as 7 days after the operation.  

The standardized surgical and peri-operative care of these patients described here plays a 

fundamental role in maximizing the chances of the procedure to induce revascularization while 

minimizing the peri-operative risk for hypoperfusion, embolisms, and ischemic injury. While 

direct bypass creates a new source of flow to ischemic territories immediately, EDAS takes some 

time to develop new collateral circulation. The early sudden increase in flow induced by direct 

bypass can potentially produce hyperperfusion and hemorrhagic complications.23, 24 In addition, 

in the EC-IC bypass trial, patients with intracranial stenotic lesions consistently faired worse 

following bypass because the sudden change in flow dynamics across the stenotic segment may 

produce stasis of flow and thrombosis, which can embolize and/or propagate to occlude 

lenticulostriate arteries.11, 20 However, direct bypass has the potential advantage that it may 

provide immediate protection from ischemia. Our findings support the concept that strict medical 

management protects patients from ischemia in the initial period. The early angiographic 

evidence of vessel formation after EDAS and the clinical results we are reporting both in the 

immediate postoperative and long-term periods emphasize the safety and effectiveness of the 

procedure in both MMD and ICASD, with the presence of mature collaterals from the external 

circulation that were not associated with hemorrhagic complications.  

Some surgical technical aspects that have become standard in our management include 

scrupulous microscopic dissection of both the STA and MMA. The MMA contributes a 

significant portion of the neovascularity seen after EDAS in most patients. In fact, we have 

previously reported that the percent enlargement of the proximal portion of the MMA seen on 
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post-operative angiograms, due to increased blood flow through the vessel, was 49% in MMD 

patients, very similar to the increase of 51% observed in the STA.2  

Comparison of patients being treated for MMD versus atherosclerotic ICASD revealed 

no significant differences in either clinical outcome or angiographic revascularization. Our 

results show that both groups generally tolerate the procedure well and have high rates of TIA-

free and stroke-free survival following surgery. The rate of stroke in our cohort of patients with 

ICASD at a median follow-up time of 24 months (5.6%) is lower than the probability of stroke at 

2 years in both the medical group (18%) and angioplasty and stenting group (21%) reported in 

the final results of SAMMPRIS.8 However, these findings require further corroboration and are 

currently being evaluated in a prospective phase II clinical trial of EDAS for ICASD, adhering 

strictly to the same inclusion criteria used in SAMMPRIS, and, if not futile, will require a pivotal 

study to be confirmed.25 

This study contains a portion of data collected retrospectively, which introduces some 

limitations. Several efforts have been made to address these limitations, including reporting of all 

cases performed, a detailed description of the inclusion and diagnostic criteria, application of a 

homogeneous protocol of medical and surgical treatment, independent evaluations by stroke 

neurologists, and very good patient adherence to the follow-up schedule, in particular in the 

ICASD group. 

CONCLUSIONS 

Indirect revascularization by EDAS is a well-tolerated treatment that improves collateral 

circulation to the territory at risk. The application of strict surgical and perioperative protocols 

reported here reduces the rate of TIA and stroke in both the early and long-term period in 
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patients with ICASD and MMD. EDAS is a useful alternative for the treatment of intracranial 

arterial steno-occlusive disease and further evaluation in pivotal trials is warranted.  
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FIGURES 

Figure 1: TIA-free and stroke-free survival curves for moyamoya (MMD) and intracranial 

arterial steno-occlusive disease of atherosclerotic origin (ICASD). Administrative censoring was 

applied at 72 months. Log-rank comparison demonstrated no significant differences between 

groups (p=0.27). The moyamoya group had no strokes during follow-up. 
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Figure 2: Stacked bar chart depicting the distribution of the modified Rankin Scale (mRS) score 

in patients with moyamoya disease (MMD) and intracranial arterial steno-occlusive disease of 

atherosclerotic origin (ICASD) at baseline and last follow-up. Patients with ICASD have mRS ≤ 

2 in 77.8% of cases before surgery and 83.3% of cases after EDAS. MMD patients had mRS≤ 2 

in 82.6% of cases before surgery and 80.4% after EDAS surgery.  *mRS 6 includes one stroke-

related death and 2 additional deaths during the full cohort follow-up associated with cardiac 

issues. Those patients did not present with any strokes up to the time of death and had poor mRS 

at presentation (One had mRS of 4 and two had mRS of 5). 
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Figure 3: Very early digital subtraction angiogram (DSA) 7 days after EDAS surgery in a 

patient with ICASD. Antero-posterior view with masking of the early arterial phase to confirm 

the absence of contamination from ICA contrast during the injection. There is no visualization of 

neovascularization; however, there is evidence of contrast media transit into the superior sagittal 

sinus, not present in preoperative angiograms, suggesting presence of early collateral 

connections between the extra and intracranial circulation with caliber below the resolution of 

DSA of 200 µm.  
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TABLES 

Table 1: Demographic data and follow up information 

Total 
(n=82) 

Moyamoya 
(n=46) 

ICASD 
(n=36) p-value 

Age (Mean+/-SD years)  42.6 +/- 14.4 36.5 +/- 9.2 50.4 +/- 16.3 < 0.0001* 

Female Sex 75.6% 78.3% 72.2% - 
Ethnicity (Non-Hispanic) 82.9% 80.4% 86.1% - 
Race 
         White 54.9% 58.7% 50.0% - 

         Asian 34.2% 36.9% 30.6% - 
         Black   8.5% 4.4% 13.9% - 
         Other   2.4% 0   5.5% - 
Clinical F/U 
(Median / IQ months) 22 / 40 20 / 38.7 24 / 42.8 - 

Angiographic F/U 
(Median / IQ months) 8 /22.5 19 / 23 7 / 10.3 0.04† 

SD Standard deviation, IQ Interquartile range 
* This p value was calculated with the use of Student t-test
† This p value was calculated with the use of Wilcoxon Rank Sum  
Chi square calculations for the differences between race groups and Fisher’s exact test for the 
comparison between Hispanic and non-Hispanic showed no significant differences.  
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Table 2: Annual probability of TIA-free and stroke-free survival 

TIA-free survival 
Time (years) ICASD (%) 95% CI Moyamoya (%) 95%CI 
1 95.5 83.3-98.9 99.9 93.5-100 
2 89.4 74.7-96.0 99.7 87.5-99.9 
3 83.0 65.9-92.4 98.1 81.1-99.8 
Stroke-free survival 
Time (years) ICASD (%) 95% CI 
1 95.5 83.1-98.9 
2 94.3 80.0-98.6 
3 93.5 77.4-98.4 
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Table 3: ASITN Grades on follow-up angiography 

ASITN Grade 1 2 3 4 Total 

ICASD n 3 6 2 13 24 
Row % 12.5 25 8.3 54.2 

Moyamoya n 0 9 3 7 19 
Row % 0 47.4 15.8 36.8 

Total n 3 15 5 20 43 
Row% 7.0 34.9 11.6 46.5 
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SUPPLEMENTARY DATA, DETAILS OF STATISTICAL ANALYSIS, AND 

ALTERNATIVE METHODS 

DETAILED INCLUSION/EXCLUSION CRITERIA FOR EDAS 

Patients with symptomatic intracranial arterial stenosis due to moyamoya disease (MMD) or 

stenosis of atherosclerotic origin (ICASD) are considered for EDAS if they present with 

symptoms of TIA or stroke attributable to the territory of a stenotic/occluded artery while they 

are compliant with adequate medical management. These cases are considered failures of 

medical management or non-responders to medical management. 

Adequate medical management varies according to the etiology of the stenosis. For patients with 

MMD, it is a daily conventional dose of antiplatelet medications, such as acetylsalicylic acid 

(81mg or 325 mg), or clopidogrel (75 mg), or their combination with or without dipyridamole.  

For patients with ICASD in addition to antiplatelet medications, adequate management includes 

daily use of statins, preferably at a high dose, adequate control of systolic blood pressure, and 

secondary risk factors management (diabetes control, smoking cessation, weight loss, and 

exercise).  

Patients that are considered for surgery have the following inclusion criteria: 

- TIA or stroke attributed to 70% to 100% stenosis/occlusion of the internal carotid artery 

or middle cerebral artery MCA diagnosed by TCD, MRA, or CTA, but confirmed by 
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catheter angiography. 

- A diagnosis of MMD is made in individuals who present with evidence of bilateral 

intracranial disease involving predominantly the internal carotid arteries and/or proximal 

anterior and middle cerebral arteries with no evidence of vessel calcification and with 

angiographic collaterals characteristic of MMD. Individuals with unilateral intracranial 

internal carotid artery disease without calcification of the arterial wall, without risk 

factors for atherosclerosis, and with angiographic collaterals characteristic of MMD are 

considered probable MMD and were included as MMD cases. A diagnosis of ICASD is 

made in individuals with intracranial arterial disease with evidence of vessel wall 

calcification and history of atherosclerotic risk factors, including a history of 

hypertension, dyslipidemia, diabetes mellitus, smoking, and/or coronary or peripheral 

vascular atherosclerotic disease. 

- Age ≥18 years and ≤90 years. 

- If a patient is age 25 to 49 and the angiographic findings as discussed above are 

suggestive of ICASD, the patient should have at least two of the following conditions: 

o Insulin-dependent diabetes.

o Non–insulin-dependent diabetes.

o History of hypertension SBP ≥ 140/90 mm Hg or on antihypertensive therapy.

o History of dyslipidemia (LDL ≥130 mg/dL or HDL ≤40 mg/dL or fasting

triglycerides ≥150 mg/dL) or on lipid lowering therapy.

o Smoking.

o Family history of CAD, CEA, or peripheral vascular disease.

o Personal history of CAD, CEA, carotid atherosclerotic disease, aortic
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atherosclerosis, or peripheral vascular disease. 

- Demonstration of poor or no collateral flow in the territory of the qualifying stenotic 

vessel (ASITN/SIR Collateral Flow Grades 0-2) and hypoperfusion of the vascular 

territory in MRI. 

Patients were not consider for surgery if any of the following exclusion criteria: 

- Vertebral artery stenosis and uncertainty about which artery is symptomatic (e.g., if 

patient has pontine, midbrain, or temporal-occipital symptoms). 

- Intracranial tumors or any intracranial vascular malformation. 

- Thrombolytic therapy within 24 hours before enrollment. 

- Brain infarct within previous 30 days of enrollment that is of sufficient size (> 5 cm) to 

be at risk of hemorrhagic conversion during or after surgery. 

- Any hemorrhagic infarct within 15 days before enrollment. 

- Any history of a primary intracerebral hemorrhage. 

- Untreated chronic subdural hematoma >5 mm in thickness. 

- Obvious and unequivocal cardiac sources of embolism. 

- History of systemic hemorrhage within 30 days. 

- Current alcohol or substance abuse. 

- Liver impairment (AST or ALT > 3 times normal). 

- Creatinine > 3.0 (unless patient is on dialysis). 

- Dementia or psychiatric problem that prevents the patient from potentially enrolling in 

postoperative physical therapy. 
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In addition to those enumerated above, given the surgical nature of the intervention for patients 

failing best medical therapy, the following are additional exclusion criteria: 

- Use of clopidogrel or extended release dipyridamole within 7 days of the date of surgery. 

This exclusion is based on the elevated risk of hemorrhagic complications for intracranial 

surgery using those agents according to the current AHA/ACC Guidelines. 

- Evidence of active, un-treated focal or systemic infections (i.e. pneumonia, urinary tract 

infection, skin abscess) or history of recurrent infections despite treatment in the last 6 

months. 

- Coagulation disorders characterized by a PTT ≥ 34, or a PT ≥ 12, or an INR ≥ 1.3, or a 

platelet count of <80,000. 

- Non-controlled hyperglycemia (any pre-prandial glucose level ≥ 180 mg/dL in any single 

test within 30 days before enrollment) or a hemoglobin A1c (HbA1c) ≥7%. 

- Smoking history in the last 6 months. 

- BMI ≥ 40 kg/m2. 

- Any cardiac exclusion criteria following cardiac work-up. 

If the conditions discovered during the cardiac evaluation are corrected and the patient fulfills the 

inclusion criteria for surgery, the eligibility of the individual is reconsidered by the surgeon. 
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ANESTHESIA AND SURGICAL TECHNICAL DETAILS OF THE EDAS PROCEDURE 

The EDAS procedures are performed by experienced vascular neurosurgeons with the support of 

an expert team of anesthesiologists. Continuous communication between the teams and careful 

adherence to the following protocol is fundamental to the success of the operations. Upon patient 

arrival to the operating room, and before any anesthesia is induced, the surgeons, 

anesthesiologists, neuromonitoring team, and nursing staff have a specific EDAS briefing in 

addition to the institutional conventional time-out. The EDAS specific briefing includes: 

- Confirmation of surgical eligibility and clearance by the cardiac evaluation protocol for 

patients with ICASD. 

- Confirmation that the patient has received aspirin 325 mg the date of the surgery and that 

the patient has been taking aspirin for at least 3 days before the procedure.  

- Blood pressure goal. The blood pressure goal is established in terms of systolic blood 

pressure (SBP). The baseline SBP is determined in the clinic prior to surgery and is 

defined as the average of 3 SBP measurements at which they do not have symptoms. The 

minimum SBP goal during the surgical procedure is set at a value that corresponds to the 

baseline SBP at which the patient was symptom free. The maximum SBP goal is set at 

200 mmHg.  

- CO2 Goal. During the EDAS surgeries, hyperventilation is avoided. The end tidal CO2

when the patient has been intubated will be kept between 35 and 45 mmHg. 

- Confirmation of antiseizure medication use with slow administration (over 60 min). 
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- Discussion with intraoperative patient care team emphasizing that Mannitol should not be 

administered during the procedure. 

- Discussion with intraoperative patient care team emphasizing that steroids should not be 

administered during the procedure with the exception of Decadron, which will only be 

used as needed for postoperative nausea management. 

- Discussion with intraoperative patient care team emphasizing that the target hematocrit is 

greater than or equal to 30% and less than or equal to 50%. 

- All patients should have an arterial catheter placed prior to induction of anesthesia. A 

central venous catheter is placed in the femoral vein by the surgical team and central 

venous pressure is monitored throughout the procedure. 

- Discussion with intraoperative patient care team regarding intraoperative fluid 

management targeting euvolemia to modest hypervolemia, as assessed by standard 

calculations of intraoperative fluid requirements, urine output, arterial line and central 

venous pressure monitoring. Before the initiation of the surgery the patient should receive 

IV fluids to replace the calculated preoperative fluid balance deficit. 

- Systemic hypothermia and/or barbiturates are not routinely used for neuroprotection as 

no temporary occlusion of intracranial arteries is done.  Discussion will emphasize that 

target temperature is normothermia as measured by esophageal, rectal or bladder catheter. 

Desired body temperature is between 35.5° and 36.5° C intraoperatively. 
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Anesthesia Management 

The primary goal of the anesthesia management for patients with intracranial arterial stenosis 

undergoing EDAS revascularization is to provide adequate analgesia, anesthesia, and sedation 

levels, while maintaining strict hemodynamic, respiratory, and metabolic conditions that prevent 

the development of cerebral ischemia. In addition to standard ASA monitors, EDAS surgeries 

are performed with continuous electrophysiologic monitoring. 

Patients undergoing EDAS surgery have strict documentation of any variations from the 

anesthesia and combined surgical/anesthesia goals. Deviation events are documented including 

the following information: 

- Time, duration and level of variations above or below the SBP goal lasting more than 5 

minutes at any point while patient is in the operating room or in transport to the recovery 

room. 

- Time, duration and level of variations above or below the ET CO2 goal lasting more than 

5 minutes at any point while patient is intubated. 

- Time, duration, and treatment of any cardiac rhythm anomaly lasting more than 5 

minutes or inducing any changes above or below the SBP goal. 

- Final fluid balance and justification of any variation above or below the goal (even or 

positive up to 2L). 

- Any adverse reactions to medications or anesthesia related procedures. 
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Surgical Technique 

The steps of the surgical procedure have been standardized and are closely followed in every 

case. Any deviations from the protocol are noted. The surgical procedure steps are: 

1. Patient is positioned with the operative side of the head up.

2. Elevate the ipsilateral shoulder to avoid excessive head rotation.

3. The hair on the side of the operation is clipped to allow for at least 2.5 cm of hair-free

area around any surgical incision.

4. No Lidocaine or Marcaine injections are allowed.

5. The skin of the scalp is cleaned with at least 2 scrubs of clorhexidine or iodine. Do not

use the brush part of the scrub sponges.

6. Using the portable Doppler and a skin-marking pen, the superficial temporal artery (STA)

is marked in short intervals. The artery should be identified for a length of approximately

10 – 15 cm. Every effort should be made to mark the artery with precision.

7. The planned location of a frontal burr hole and, if indicated by the preoperative

angiographic evaluation, a parietal burr hole is marked on the skin (parietal burr holes

may be necessary for patients with poor posterior collaterals from the posterior cerebral

artery).

8. The anesthesia provider will be notified prior to placement of the Mayfield head holder

pins to allow for adjustments to anesthetic depth and/or administration of medications to

optimize blood pressure.
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9. The 3-point Mayfield head holder is placed avoiding injury of the superficial temporal

artery and avoiding interference with the operative field.

10. The head is positioned above the level of the heart and maintaining the STA as parallel to

the floor as possible, avoiding excessive head rotation.

11. The skin is prepared with betadine using sterile technique.

12. The surgical field is draped in sterile fashion. Do not use staples to secure any of the

drapes.

13. The operative microscope is used for the dissection of the STA artery and all the

intracranial manipulations once the bone flap is removed. Any intradural manipulation

performed through the burr holes will be done under microscope visualization.

14. The monopolar cautery is set at a coagulation level of 4 to 6 watts, the bipolar cautery is

set at a level of 20-25 watts for the STA dissection.

15. The STA dissection is performed from proximal to distal.

16. The skin incision is performed with a 15 size scalpel or a cauterizing blade to the level of

the subcutaneous tissue in small segments of 15- 30 mm.

17. Hemostasis of the skin edges is performed with gentle bipolar coagulation avoiding skin

burns

18. The dissection is continued by blunt dissection with mosquito forceps and the 15 blade or

a Colorado needle attached to the monopolar cautery.

19. Avoid injury of the artery with the blade or cautery at all times.

20. The small branches of the STA are coagulated with the bipolar cautery and cut with

microscissors as they are unveiled. Avoid excessive coagulation of the branch stumps.
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21. Complete the dissection of the STA separating it from the galeal tissue with a 15 blade,

Colorado needle and/or bipolar cautery and micro-scissors.

22. The operative microscope will be removed for the following steps of the operation.

23. Once the STA artery is dissected, the fascia of the temporalis muscle underneath is

incised and the muscle and pericranium are elevated.

24. The STA artery and the muscular flaps are then carefully retracted with fish-hooks to the

Greenberg or equivalent frame. Avoid the use of sharp fish-hooks in the side of the

artery.

25. Confirm with the portable Doppler that the flow in the distal STA is patent after the

retraction with the fish-hooks on both sides of the incision has been applied.

26. Remove tension or fish-hooks as necessary to recover Dopplerable signal in the distal

STA.

27. An oval craniotomy is then performed extending the complete extent of the open skin

incision, with two burr holes (one in the most cephalic end and another one in the most

caudal end of the exposure).

28. Protect the STA with vein retractors while the burr holes are performed.

29. Complete the craniotomy by connecting the burr holes with the high-speed drill with the

B1 attachment with the foot plate.

30. Protect the STA with vein retractors while the craniotomy is completed

31. Carefully elevate the bone flap to avoid injuries of the meningeal arteries.

32. Avoid excessive coagulation of the meningeal arteries, by using jewelers bipolars at low

power ≤ 25 watts.

33. Use hemostatic local agents like gelfoam or surgifoam to pack the epidural space
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34. Using the high speed drill with the B1 attachment perform at least 2 tack up holes on

each side of the craniotomy, and perform tack up sutures with 4-O Nurolon to the dura,

avoiding the middle meningeal branches.

35. Protect the STA with vein retractors during the placement of tack up holes and sutures.

36. The operative microscope is used again for the following segments of the operation.

37. Under microscope visualization the dura matter is opened in a cruciate manner with a 15

blade following the direction of the meningeal arteries, as much as possible.

38. Coagulation of the meningeal arteries is kept to a minimum, with bipolar power set at

≤25 watts.

39. The 4 dural flaps are elevated with 4-O Nurolon sutures placed in each corner.

40. If the brain tissue appears tense and the surgeon suspects a component of elevated

intracranial pressure, the surgeon can proceed with the arachnoid dissection.

41. The arachnoid is opened over the exposed sulci with a combination of micro jewelers

forceps and microscissors and CSF is removed by allowing its flow or with controllable

suctions and cotton pads.

42. Care is taken to avoid vascular injuries while opening the arachnoid. If any arterial or

venous bleeding occurs the field is irrigated with warm normal saline until the bleeding

subsides or local hemostatic agents (gelfoam or surgifoam) can be applied. Coagulation

of pial vessels should be avoided.

43. The inner layer of the dural flaps are dissected, by separating it from the more superficial

layer with jewelers forceps and then resecting them with microscissors at their base.

44. The STA is then brought in proximity to the surface of the brain and carefully examined

for hemostasis of its branches.
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45. The STA is sutured to the adjacent dural leaves with 8-O or 9-O Nylon with 2-4 separate

stitches to each dural flap.

46. There is no need to close the remaining segments of the dura.

47. Watertight closure of the dura should be avoided.

48. The operative field is inspected for hemostasis and local measures (surgifoam, gellfoam

or surgicell) are used. Excessive coagulation is again avoided.

49. The bone flap is additionally treated by removing additional bone from the expected

entry and exit points of the STA to avoid kinking of the vessel. Burr hole minimum

diameter should be 2 cm.

50. If the bone flap is too thick in the opinion of the surgeon, it is recommended to trim the

inner layer of the bone over the entire expected course of the vessel.

51. A collagen (helistat) sponge is applied on the surface of the craniotomy opening.

52. The entry and exit point of the STA are checked to verify the collagen sponge is not

putting pressure on or kinking the vessel.

53. The operative microscope will be removed for the following steps of the operation.

54. The bone flap is fixed back in place with at least three 2-hole titanium plates on the

anterior and posterior aspect of the flap, avoiding the entry and exit points of the STA.

Do not use less than 3 points of fixation.

55. The entry and exit point of the STA are checked to verify the collagen sponge and bone

flap are not putting pressure on or kinking the vessel.

56. The surgical field is irrigated profusely with bacitracin solution.

57. The temporalis muscle is closed with interrupted 3-O Vicryl stitches separated by 5-7

mm, avoiding compression at the entry point of the STA.
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58. The distal STA is checked with the Doppler to verify that no excessive pressure was

placed by closing the muscle.

59. The galea is then close with interrupted 3-O Vicryl stitches, separated by approximately

7mm, avoiding injuries of the STA.

60. It is recommended to place all the galeal stitches in a two step fashion, one for each side

of the skin incision, and to hold the sutures with mosquito forceps without tying them,

until all the stitches have been placed. This allows easier placement of secure galeal

stitches along the complete incision.

61. Three closure techniques for the skin are acceptable: subcuticular monocryl 4-O sutures,

interrupted vertical mattress 3-O Nylon sutures, or continuous locked 3-O Nylon sutures.

In all cases the sutures should be placed avoiding a depth that could injure the STA at the

entry or exit points.

62. The STA is checked for flow with the Doppler.

63. The procedure for frontal and parietal burr holes is the same.

64. The incision is performed with a size 10 scalpel to the pericranium.

65. Hemostasis of the skin edges is obtained with bipolar cautery.

66. The pericranium is elevated with the periosteal elevators.

67. The incision is kept open with self-retaining retractors.

68. The high-speed drill is used to perform a burr hole measuring approximately 25 mm in

diameter.

69. Hemostasis of the bone edges is achieved with bone wax application.

70. Hemostasis of the epidural space is achieved with local hemostatic agents (surgifoam or

gelfoam). Excessive coagulation of the dura matter is avoided.
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71. The operative microscope is used again for the following segments of the operation.

72. The dura matter is opened in a cruciate matter with a size 11 or 15 scalpel.

73. Hemostasis of the dural edges is achieved with bipolar cautery.

74. Under microscopic visualization the arachnoid over underlying sulci is opened, avoiding

injury of pial vessels.

75. A collagen (helistat) sponge is applied on the burr hole.

76. The operative microscope will be removed for the following steps of the operation.

77. One or two straight titanium plates can be applied to avoid future sinking of the skin.

However, burr hole covers are avoided.

78. The galea is closed with inverted interrupted 3-O Vicryl stitches.

79. The skin can be closed with 4-O Nylon stitches or staples.

80. All incisions are covered with bacitracin ointment, telfa strips, and local dressings

81. A head wrap dressing should not be tight and does not have to be placed.

82. The patient is removed from the pins.

DETAILED STATISTICAL ANALYSIS AND ALTERNATIVE APPROACHES 

Data Evaluation 

Histograms were created to evaluate the distribution of the continuous variables analyzed in this 

study. Visual observation of the distribution, as well as comparisons between means and 

medians, were performed to establish the type of distribution (normal vs. non-normal). Goodness 

of fit using the Shapiro-Wilk W Test was done, rejecting the null hypothesis that the data was 
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from the normal distribution for a probability < W of 0.05 or less. Comparison among variables 

was done with Student t-tests for normally distributed variables. Wilcoxon rank sums were used 

for normally distributed data. Categorical variables were compared with contingency tables and 

Fisher's exact test and Chi-square were used as appropriate for their comparison. 

Demographic Analysis  

Supplementary Table 4 summarizes details of the results for demographic data and follow up 

information. As expected, patients in the ICASD group were older than in the moyamoya group. 

EDAS has been applied for the treatment of moyamoya for a long time, and this is reflected in 

the longest duration of angiographic follow-up. 

Table 4. 

Variable Total 
(n=81) 

Moyamoya 
(n=46) 

ICASD 
(n=36) p-value Test 

Age 
(Mean+/-SD 
years)  

42.6 +/- 14.4 36.5 +/- 9.2 50.4 +/- 16.3 < 0.0001 Two-tail student t-test 

Female Sex 75.6% 78.3% 72.2% 0.52 Chi-square 
Ethnicity  
(Non-Hispanic) 82.9% 80.4% 86.1% 0.49/0.56 Chi-square/Fisher’s 

exact test 
Race 

         White 54.9% 58.7% 50.0% 

0.20 Chi-square 
         Asian 34.2% 36.9% 30.6% 

         Black   8.5% 4.4% 13.9% 

         Other   2.4% 0   5.5% 
Clinical F/U 
(Median / IQ 
months) 

22 / 40 20 / 38.7 24 / 42.8 0.64 Wilcoxon Rank Sum 

Angiographic 
F/U 
(Median / IQ 
months) 

8 /22.5 19 / 23 7 / 10.3 0.04† Wilcoxon Rank Sum 

SD Standard deviation, IQ Interquartile range 
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Evaluation of Outcomes: TIA and Stroke per Etiology Group 

The goals of this study did not include evaluating differences in the outcome variables TIA and 

stroke between the ICASD and moyamoya groups. Our clinical observations have shown in 

previous studies that both populations respond well to the treatment with low rates of stroke and 

TIA after the procedure. However, knowing the sample size for both the ICAS and moyamoya 

groups we can calculate that with n=36 in the ICASD group and n=46 in the moyamoya group, 

we could detect a difference in the proportion of TIAs of 12% or more between groups with 

alpha = 0.05 and power = 0.8. 

Table 5 compares the proportions of patients with TIAs between ICASD and moyamoya groups. 

Considering the restricted number of cases with TIAs in ICASD (n=6) and moyamoya (n=4) 

Fisher's exact test is more appropriate. 

Table 5. Recurrent TIA during complete follow-up. 

TIA  No Yes p-value Test 

ICASD 
n 30 6 0.27 Chi-square 

Row % 83.3 16.7 0.32 Fisher’s (Prob recurrent TIA=Yes is different across 
groups) 

Moyamoya n 42 4 
Row % 91.3 8.7 

72 10 
Total 87.8 12.2 

Table 6 shows the comparison between ICASD and moyamoya groups I terms of stroke. Notice 

that there were no strokes in the moyamoya group. 
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Table 6. Recurrent stroke during complete follow-up. 

Stroke No Yes p-value Test 

ICASD n 34 2 0.07 Chi-square 
Row % 94.4 5.6 0.19 Fisher’s (Prob Stroke=Yes is different across groups) 

Moyamoya n 46 0 
Row % 100 0 

80 2 
Total 97.6 2.44 

Evaluation of Primary Outcomes: TIA and Stroke Free Survival 

TIA-free survival and stroke-free survival analyses were performed using the product limit 

estimator (Kaplan-Meir) method. As the time of follow-up extends, there is an expected decrease 

in the number of individuals available for the analysis (patients recently operated). We 

established an administrative limit censoring time of 72 months. Survival comparisons between 

groups were done using the log-rank (Mantel) test. The Kaplan-Meier curves are shown in the 

main paper. The log(-log(Surv)) plot versus time showed an approximate linear relation, 

indicating that the Weibull parametric distribution should provide a good fit for the data. Using 

the Weibull parametric fit the survival probabilities at 12, 24, and 36 months were calculated. 

Supplementary figure 1 shows the log(-log(Surv)) plot vs. time. This graphic illustrates an 

approximate linear relation, indicating that the Weibull parametric fit should provide a good fit 

for the data. Dark blue represents the confidence of fit and the clearer blue the confidence of 

prediction. 
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Figure 4. Estimation of the survival function log(-log(Surv)) versus time. 

Alternative Analysis for Rates of TIA and Stroke 

An alternative approach to the use of survival curves would be a direct calculation of the hazard 

rate for each group and the calculation of a hazard rate ratio, which would express a single 

numeric comparison between the groups. This approach accounts for the time of follow-up, 

which is superior to the simple expression of the proportion of cases in each group suffering 

from TIA or stroke; however, it does not account for the variation in the risk of stroke over time 

assuming a constant risk. For this reason, although hazard rate and risk ratio calculations are 

presented in this section, we selected the method described in the previous section (product limit 

estimator and log-rank Mantel test) for the comparison of the primary endpoint between groups 

presented in the manuscript. 
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In the population studied the total follow-up was 191 person-years for moyamoya disease and 

116 person-years for ICASD. There were 6 TIAs in each group, which would represent a hazard 

risk of 0.03 for moyamoya disease and 0.05 for ICASD. That is 3 TIAs per 100 person-year of 

follow-up in MMD and 5 TIA per 100 person-year of follow-up in ICASD. The hazard risk ratio 

of moyamoya/ICASD is 0.6. 

The hazard risk of stroke for the ICASD population was 0.02 or 2 stroke per 100 person-year of 

follow-up. There were no strokes in the ICASD group. This hazard risk of TIA and stroke is not 

to be confused with the risk of stroke or risk ratio. 

Evaluation of Secondary Outcomes: Modified Rankin Scale Score and Imaging Endpoints 

The secondary endpoints of this study included the categorical outcome variables: modified 

Rankin scale score, Perren's grades and ASITN grades. The later two are angiographic results. 

The functional outcome (mRS) and imaging grades (Perren and ASITN grades) were compared 

using cross-tabulation tables. The use of a dichotomous mRS (good= mRS≤2 and poor = 

mRS>2) is common in stroke clinical trials. The rationale for this is based on the clinically 

critical difference between individuals that can attend their needs and ambulate independently 

(mRS≤2) versus those with the need for assistance walking or taking care of their needs. The 

differences between groups were compared using the Chi-square method. No conclusions on 

significance were drawn from this comparison for the last follow-up functional outcome mRS, as 

there were fewer counts in each cell. Table 7 summarized the dichotomous mRS at baseline, and 

last follow-up and the detail mRS scores. 
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Table 7. 

Modified Rankin Scale Score ICASD Moyamoya p-value Test 
Dichotomous Baseline n % n % 
Poor (mRS > 2) 8 22.2 8 17.4 0.58 Chi-square 
Good (mRS ≤ 2) 28 77.8 38 82.6 
Dichotomous Follow up Good ≤ 2 
Poor (mRS > 3) 6 16.7 9 19.6 0.74 Chi-square 
Good (mRS ≤ 2) 30 83.3 37 80.4 
Detailed baseline mRS n % n % 

0 1 2.8 2 4.4 0.07 Chi-square 
1 13 36.1 23 50 
2 14 38.9 13 28.2 
3 5 13.9 2 4.4 
4 1 2.8 6 13 
5 2 5.5 0 0 

Detailed follow up mRS 
0 10 27.8 7 15.2 0.02 Chi-square.  

Three groups have less 
than 5 subjects, 
therefore no conclusions 
were drawn. 

1 9 25.0 21 45.7 
2 11 30.5 9 19.6 
3 3 8.3 6 13 
4 0 0 3 6.5 
6 3 8.3 0 0 

The secondary endpoints for imaging were evaluated using the ordinal variables Perren Grades 

and ASITN grades at the last post-operative angiogram. No significant differences were 

appreciated in the degrees of revascularization between groups.  The Tables 8 and 9 summarize 

these findings. 

Table 8. Angiographic follow-up Perren grades 

Perren’s Grade 1 2 3 p-value Test 

ICASD n 0 4 24 0.47 Chi-square 
Row % 14.3 85.7 0.67 Fisher’s (Prob Perren Grade 3 is different 

across groups) Moyamoya n 0 2 23 
Row % 8 92 

Total n 0 6 47 
Row % 11.3 88.7 
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Table 9. Angiographic follow-up ASITN grades 

ASITN Grade 1 2 3 4 p-value Test 

ICASD n 3 6 2 13 0.10  Chi-square 
Row % 12.5 25 8.3 54.2 

Moyamoya n 0 9 3 7 
Row % 0 47.4 15.8 36.8 

Total n 3 15 5 20 
Row% 7.0 34.9 11.6 46.5 

Evaluation of Adherence to Follow Up and Quality Measures of the Prospective Cohort 

This study combines a retrospective group of patients with a prospective cohort of individuals 

followed according to the protocol of the study detail in the manuscript. Of crucial importance in 

the interpretation of the data presented is the adherence to follow-up between the groups. A large 

number of drop-outs from follow-up would be concerning for introducing bias in the analysis. 

This is of particular relevance in the ICASD group, which represents the new application of the 

EDAS surgery. 

A timeline evaluation of the case distribution was performed, as well as a calculation of the 

proportion of cases that achieved the proposed goals of follow-up. As expected the group with 

moyamoya, which includes the retrospective cohort of patients in whom the EDAS surgery was 

initially applied had a lower rate of successful follow-up (52.2%), while the ICASD group, 

strictly managed in the prospective cohort had full follow-up in 83.3% of cases. These follow-up 

goal achievements were significantly different among the groups, Chi-square p=0.0025. The 

table 10 summarizes completion of follow-up data. The figure 5 illustrates the distribution of 

cases per group over time with color-coded follow-up completion. 
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Table 10 

Achieving Complete Follow 
up No Yes P value Test 

ICASD 
Count 6 30  0.0025  Chi-square 
Row % 16.7 83.3 

Moyamoya 
Count 22 24 
Row % 47.8 52.2 

Figure 5. Distribution of cases over time per etiology. 

CONCLUSIONS TO SUPPLEMENTARY DATA 

Intracranial arterial steno-occlusive disorders such as moyamoya disease and ICASD are some of 

the most challenging forms of stroke to treat. This study shows that the application of EDAS for 

adults is a useful alternative for their treatment.  
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The results provided in this study to support the long-term positive outcomes of adult patients 

undergoing EDAS surgery, the detailed description of the protocols of operative and 

perioperative management, and the rigorous analysis of the data indicate that indirect 

revascularization by EDAS is a well-tolerated treatment that improves collateral circulation to 

the territory at risk for patients with moyamoya disease and ICASD. The application of the 

meticulous surgical and perioperative protocols reduced the rate of TIA and stroke in both the 

early and long-term period in patients with ICASD and moyamoya disease. Despite the 

limitations inherent to the combined retrospective and prospective design this study supports the 

concept that EDAS is a useful alternative for the treatment of intracranial arterial steno-occlusive 

disease and represents a valuable base to justify further evaluation of the technique in a control 

randomized trial. 
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