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CLINICAL ARTICLE

J Neurosurg 123:654-661, 2015

Encephaloduroarteriosynangiosis for adult intracranial
arterial steno-occlusive disease: long-term single-center
experience with 107 operations

Nestor R. Gonzalez, MD,"? Joshua R. Dusick, MD,' Mark Connolly, BS,' Firas Bounni, MD,’
Neil A. Martin, MD,! Barbara Van de Wiele, MD,® David S. Liebeskind, MD,* and

Jeffrey L. Saver, MD*

Departments of 'Neurosurgery, 2Radiology, *Anesthesia, and *Neurology, David Geffen School of Medicine, University of

California Los Angeles (UCLA), Los Angeles, California

OBJECT 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 athero-
sclerotic steno-occlusive disease (ICASD). Herein the authors present the long-term results of a single-center experi-

ence 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, including recurrence of transient ischemic attack (TIA) and/or stroke,
functional status, and death, were collected from a retrospective data set and a prospective cohort. Perren revascu-
larization and American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology
(ASITN/SIR) collateral grades were recorded from angiograms.

RESULTS A total of 107 EDAS procedures were performed in 82 adults (36 with ICASD and 46 with MMD). During a
median follow-up of 22 months, 2 (2.4%) patients had strokes; both patients were in the ICASD group. TIA-free survival
and stroke-free survival analyses were performed using the product limit estimator (Kaplan-Meier) method. The probabil-
ity of stroke-free survival at 2 years in the ICASD group was 94.3% (95% CI 80%-98.6%). No patient in the MMD group
suffered a stroke. The probability of TIA-free survival at 2 years was 89.4% (95% Cl 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/SIR 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.

http://thejns.org/doi/abs/10.3171/2014.10.JNS141426
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of indirect revascularization that has been used
for the treatment of pediatric moyamoya disease
(MMD) since the 1970s.2° The application of EDAS for
adults with MMD has shown promising results in the early
postoperative period® and its use has been extended to the
treatment of select patients with intracranial atherosclerot-

E NCEPHALODUROARTERIOSYNANGIOSIS (EDAS) is a form

ic steno-occlusive disease (ICASD).” ICASD is the most
common cause of stroke worldwide.*!°> It accounts for
at least 10% of all strokes in the United States?' and as
much as 33%—-67% of stroke in countries with predomi-
nantly Asian, Hispanic, and black populations.'® ICASD
carries a worse prognosis than other stroke etiologies, with
an annual rate of recurrent stroke and death of 15% despite

ABBREVIATIONS ASITN/SIR = American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology; EDAS = encephaloduroarteriosyn-
angiosis; ICA = internal carotid artery; ICASD = intracranial atherosclerotic steno-occlusive disease; IQR = interquartile range; MCA = middle cerebral artery; MMA = middle
meningeal artery; MMD = moyamoya disease; SAMMPRIS = Stenting and Aggressive Medical Management for Preventing Recurrent stroke in Intracranial Stenosis; STA =

superficial temporal artery; TIA = transient ischemic attack.
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intensive medical management,’ and as high as 25% in
certain populations.?*?* Interventions such as angioplasty
and stenting or bypass surgery have failed to improve out-
comes in ICASD!2! and have not been tested in pivotal
clinical trials for MMD. Although the short-term (30-day)
stroke and death rates with angioplasty alone have been
shown to be low (3.3%) in one study subgroup, the lon-
ger-term (2-year) outcomes of these techniques have been
disappointing (18% 2-year stroke rate in the SAMMPRIS
[Stenting and Aggressive Medical Management for Pre-
venting Recurrent stroke in Intracranial Stenosis] trial) and
no better than medical management alone.>?? Demonstrat-
ing 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 clinical and midterm angiographic results
of our center’s utilization of EDAS surgery in adult pa-
tients with ICASD and MMD, based on the application
of a meticulous protocol of operative and perioperative
management for these conditions.

Methods

All adult patients with a diagnosis of ICASD or MMD
treated with EDAS surgery at our institution from Octo-
ber 1989 to February 2014 were included. This population
comprises a retrospectively collected series of the initial
cases between 1989 and 2007 and a prospectively moni-
tored 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 ste-
nosis, either due to MMD or ICASD, are considered for
indirect revascularization by EDAS if they have had re-
cent (within 30 days) TIAs or nondisabling stroke in the
territory of the stenosis, despite optimized medical man-
agement with antiplatelet medications in cases of MMD
and with antiplatelet medications, statins, adequate blood
pressure control, and secondary risk factor management
(diabetes control, smoking cessation, weight loss, and ex-
ercise) in cases of ICASD. Initial workup includes MRI
with perfusion imaging as well as catheter cerebral an-
giography. The earliest patients from this series did not
undergo perfusion MRI as it was not available at that
time. Patients with evidence of hypoperfusion and poor
collateral flow (American Society of Interventional and
Therapeutic Neuroradiology Society of Interventional
Radiology [ASITN/SIR] Grades 0-2) with persistent is-
chemic symptoms are considered as candidates for surgi-
cal treatment with EDAS."? Patients with atherosclerotic
disease undergo a standardized cardiac evaluation prior
to surgery.

A diagnosis of highly probable MMD is made in indi-
viduals who present with evidence of bilateral intracra-
nial disease involving predominantly the internal carotid
arteries and/or proximal anterior and middle cerebral ar-
teries with no evidence of vessel calcification and with
angiographic collaterals characteristic of MMD. Indi-

EDAS for adult intracranial arterial stenotic disease

viduals with unilateral intracranial internal carotid artery
(ICA) disease without calcification of the arterial wall,
without risk factors for atherosclerosis, and with angio-
graphic collaterals characteristic of MMD are considered
probable cases of 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, in-
cluding a history of hypertension, dyslipidemia, diabetes
mellitus, 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 arte-
rial steno-occlusive disease requires careful preoperative
preparation, intraoperative anesthesia management, and
postoperative critical care. Throughout the complete pro-
cess, the goal is to avoid any hypotension, hypovolemia,
anemia, or vasoconstriction, while maintaining antiplate-
let medications and controlling other stroke risk factors.
To achieve this goal we have developed strict guidelines
for management of these patients, including anesthesia
management and postoperative critical care. All patients
undergoing surgery receive a dose of 325 mg aspirin on
the date of surgery and for at least 3 days prior to the pro-
cedure. The baseline systolic blood pressure at which the
patient is asymptomatic is identified in clinic prior to sur-
gery and is considered to be the minimum systolic blood
pressure limit for surgical anesthesia as well as postoper-
ative care. The maximum systolic blood pressure goal is
set at 200 mm Hg. Hyperventilation is avoided during sur-
gery to reduce the risk of vasoconstriction and hypoper-
fusion. After intubation, the end-tidal CO, is maintained
in the range of 35—45 mm Hg. An antiseizure medication
loading dose is administered over 60 minutes to avoid hy-
potension. Mannitol and corticosteroids are not adminis-
tered. 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 bar-
biturates are not used, as there is no temporary occlusion
of intracranial arteries during EDAS.

Surgical Technique

The surgical technique for EDAS has been published
before.® However, performing this operation in adults, in
particular in those with ICASD, requires specific techni-
cal modifications. The most relevant modifications include
maintenance of antiplatelet medications during the sur-
gery, microscopic dissection of the donor arteries (super-
ficial temporal artery [STA] and middle meningeal artery
[MMA]), minimization of cauterization of donor vessel
branches, dissection of the layers of the dura mater, and
extensive microscopic arachnoid dissection. A detailed
description of the surgical procedure is provided in the
Supplementary Materials for this paper.
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Postoperative Management

Following surgery, patients are monitored in recovery
and in the neurocritical care unit with hourly neurologi-
cal examinations and vital sign monitoring. Nursing staff
has been trained to perform National Institutes of Health
Stroke Scale evaluations and to recognize and report sub-
tle changes in neurological examination findings. Strict
blood pressure and fluid management goals are monitored
and maintained as during anesthesia. Only drips of nicar-
dipine and norepinephrine are used as needed to maintain
blood pressure within the goal range, avoiding as-needed
medications. Daily aspirin is continued postoperatively
(325 mg by mouth daily or 300 mg by rectum daily). An-
tiseizure medication is continued for 7 days. Patients are
transferred to the floor when they are in stable neurological
condition and do not require drips to maintain their blood
pressure in the asymptomatic range. The patients are dis-
charged home once their blood pressure is stable without
as-needed medications and when they have been cleared
by physical and occupational therapy. Patients whose data
are being collected prospectively have their neurological
preoperative, immediate postoperative, and return visit as-
sessments completed by neurologists from the stroke cen-
ter, and their evaluations are used in this study. In cases
with retrospective data collection, the evaluation from
independent neurologists from the stroke center was also
preferred for the functional evaluations used for this study.

Clinical data, 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 in the revascularized territory, and stroke-
related death, were collected from all patients’ medical re-
cords and case report forms. Additionally, the last follow-
up cerebral angiography date was recorded. The Perren
revascularization grade,'® ASITN/SIR collaterals grade,'?
and presence of direct filling of intracranial vessels by se-
lective external carotid artery injection were recorded for
those patients with suitable postoperative angiograms for
evaluation of these scales.

Statistical Analysis

Demographics and outcomes are reported as the mean
= SD for normally distributed variables and median and
interquartile range (IQR) for skewed variables. Compari-
sons between the MMD and ICASD groups were made
with Student t-tests for normally distributed variables.
Wilcoxon rank-sum tests were used for nonparametric
comparison between nonnormally distributed variables,
and the chi-square test was used for comparison of pro-
portions. TIA-free survival and stroke-free survival anal-
yses were performed using the product limit estimator
(Kaplan-Meier) method; an administrative limit censor-
ing 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 ap-
proximate linear relation, indicating that the Weibull para-
metric 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.).
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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 descrip-
tive statistics, comparing groups, are presented in Table
1. There were no statistical differences in sex distribution
or duration of clinical follow-up between the 2 groups.
However, there is an expected difference in age between
the ICASD and MMD patients (mean 50.4 + 16.23 years
vs 36.5 = 9.19 years, respectively; p < 0.0001). The ma-
jority 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 pa-
tients (median 19 months vs 7 months for ICASD cases, p
=0.04).

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 in-
volved the intracranial ICA in 17 patients (47%), the M,
segment of the middle cerebral artery (MCA) in 12 cases
(33%), the ICA and M, segment in 4 patients (11%), the
M, MCA in 2 patients (6%), and the MCA and anterior
cerebral artery in 1 patients. The degree of stenosis in the
patients with ICASD ranged from 70% to complete oc-
clusion, with a median stenosis of 99% (IQR 95%—-100%).
There were complete occlusions in 12 (33.3%) of the pa-
tients.

Clinical Outcomes

During the immediate operative period and within 30
days following EDAS surgery, there was 1 ischemic stroke
in the revascularized territory in a patient in the ICASD
group (0.9% of operations [1 of 107]) and no stroke-relat-
ed deaths or hemorrhagic complications following the 107
operations. The ischemic stroke occurred in a 53-year-old
man with end-stage kidney disease who suffered worsen-
ing of aphasia, with MRI findings confirming a new area
of ischemia in the left frontal lobe. The patient had partial
improvement of symptoms at his 1-month follow-up. Dur-
ing the full follow-up period 10 patients (12.2%) experi-
enced new TIAs referable to the revascularized territory.
There was no significant difference in the proportion of
patients with TTAs between the 2 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
Meier curves in Fig. 1. The calculated probability of TIA-
free survival at 2 years, at which point 53% of ICASD cas-
es and 49% of MMD cases were still being followed, was
89.4% (95% CI 74.7%—96%) for ICASD and 99.7% (95%



TABLE 1. Demographic data and follow-up information

EDAS for adult intracranial arterial stenotic disease

Variable Total (n = 82) MMD (n = 46) ICASD (n = 36) p Value

Mean age in yrs (+ SD) 426+ 144 36.5+9.2 50.4 £16.3 <0.0001*
Female sex 75.6% 78.3% 72.2%
Ethnicity (non-Hispanic)t 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%
Median clinical FU in mos (IQR) 22 (6.5-417.5) 20 (5-44.5) 24 (7-49.75)
Median angiographic FU in mos (IQR) 8 (6-28.75) 19 (7-30.5) 7 (6-16.25) 0.04t

FU = follow-up.
* This p value was calculated using the Student t-test.

T 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.
T This p value was calculated using the Wilcoxon rank-sum test.

CI 87.5%-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 in the revascularized territory,
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 of 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 postop-
erative period as shown in the Kaplan-Meier curve in Fig.
1. The calculated probability of stroke-free survival at 2
years, at which point 53% of ICASD cases were still be-
ing followed, was 94.3% (95% CI 80.0%—98.6%). Table
2 provides the annual probability of stroke-free 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 scores = 2 in
77.8% of cases before surgery and 83.3% of cases after
EDAS. Patients with MMD had mRS scores < 2 in 82.6%
of cases before surgery and 80.4% after EDAS surgery.
Figure 2 shows the mRS score distribution at baseline and
at last follow-up.

Angiographic Outcomes

Postoperative angiograms were available for review in
53 patients (28 patients with ICASD and 25 with MMD),
at a median of 7 months (interquartile ratio [IQR] 6-15.5
months) after surgery in the ICASD group and 16 months
(IQR 7.8-32.8 months) in the MMD group. ASITN/SIR
grades could be determined in 43 patients (24 with ICASD
and 19 with MMD). Overall, patients in both groups
(85.7% in the ICASD group and 92% in the MMD group)
demonstrated excellent revascularization (Perren Grade 3)
without a significant difference between the groups. There

were no cases without evidence of revascularization (Per-
ren Grade 1).

Collaterals, as indicated by ASITN/SIR grade, im-
proved in all patients. There was no significant difference
in the proportions of ASITN/SIR grades postoperatively
between the 2 groups. Complete collaterals to the territory
at risk (ASITN/SIR Grades 3 and 4) were seen in 62.5%
of ICASD patients and 52.6% of MMD patients. Table 3
describes the specific ASITN/SIR grades for each group.

Early Angiographic Results

A subset of 17 patients (3 with MMD and 14 with
ICASD) had early angiograms, within 6 months after
EDAS surgery. The early angiograms were performed at
a median of 168 days (IQR 102-180 days; range 7-180
days) postoperatively. Fourteen patients had excellent re-
vascularization (Perren Grade 3), 2 patients had moderate
revascularization (Perren Grade 2), and 1 patient, whose
angiogram was obtained 7 days after surgery, did not dem-
onstrate visible collaterals (Perren Grade 1). This very ear-
ly angiogram is of particular interest because, although no
new vessels were observed, after selective contrast injec-
tions of the external carotid donor branches, there was evi-
dence of transit of the contrast medium into the superior
sagittal sinus. This finding was not present on the preoper-
ative angiogram, suggesting the possibility of early small
anastomoses of diameters below the resolution of digital
subtraction angiograms of 200 wm (Fig. 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
and 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 connec-
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FIG. 1. TIA-free and stroke-free Kaplan-Meier survival curves for MMD and 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.

tions 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.” On the other hand, only if this process
can protect individuals at risk from stroke early enough
and in the long term 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 adults with MMD, various
forms of indirect revascularization, including EDAS, have
been used in the treatment of MMD for decades.”® We
have previously shown that adult patients with MMD typi-
cally have good outcomes in the short term, with resolution
of ischemic symptoms in most patients. Furthermore, fol-
low-up angiograms in those early experiences demonstrat-
ed significant neovascularity, including enlargement of the
feeding external carotid artery branches (STA and MMA),
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new vascular blush, and direct filling of intracranial ar-
teries from selective external carotid artery injection in a
majority of patients. The long-term clinical and midterm
angiographic results presented here confirm the early find-
ings 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 hemor-
rhagic 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.!> However, they did not apply indirect revascular-
ization for intracranial stenosis, but rather for intracranial
occlusion (11 of the 12 patients). Several aspects of their pa-
tient selection and management differ from our approach;
they included patients with severe diffuse disease in mul-
tiple vascular territories, there was no consistent intensive
medical management, strict intraoperative and postopera-



TABLE 2. Annual probability of TIA-free and stroke-free survival

ICASD MMD

Time (%) 95% Cl (%) 95% Cl
TIA-free survival
1 955 83.3-989 999  93.5-100
2 894 747-96.0 99.7  87.5-99.9
3 83.0 65.9-924 981 81.1-99.8
Stroke-free survival
1 955  83.1-98.9
2 943  80.0-98.6
3 935  774-984

tive protocols for blood pressure and fluid management
were lacking, and antiplatelet medications were not admin-
istered 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 than those with
MMD, as they are typically older, have higher cardiac risk,
and have been shown to be more resistant to other forms of
treatment, such as direct bypass and angioplasty and stent-
ing, with high recurrent stroke rates reported in the litera-
ture despite intensive medical management.!/=11:13.1923
Observations in clinical trials have confirmed an im-
portant role for collateral circulation in averting stroke
in ICASD, providing pathophysiological support for the
hypothesis that collateral enhancement by EDAS could
improve outcome. Evaluation of the WASID (Warfarin-

EDAS for adult intracranial arterial stenotic disease

Aspirin for Symptomatic Intracranial Disease) population
demonstrated that when the degree of arterial luminal ste-
nosis 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)."7 Angiographic analysis of the collateral circu-
lation of patients enrolled in SAMMPRIS found that none
of 117 patients with good collaterals (ASITN/SIR Grades
3 and 4, 66 in the medical arm and 51 in the stent arm)
had strokes within 30 days of enrollment.' While some pa-
tients with stenosis develop adequate leptomeningeal col-
laterals on their own, those patients who remain symptom-
atic can potentially benefit from the additional collaterals
created as a result of the EDAS procedure. We have previ-
ously reported on the initial group of ICASD patients man-
aged with EDAS with good early results.” Here we have
expanded on that series with additional patients and longer
follow-up demonstrating excellent overall control of ische-
mic symptoms and a very low rate of recurrent stroke af-
ter 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 ear-
lier in MMD patients.”® Our patients with angiographic
follow-up, including 14 patients with ICASD with early
post-EDAS angiograms, also demonstrated good collat-
eral 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

0 1 2 Baseline mRS
Moyamoya 4.5% 50% 28%
n=46
0 1 2 Follow-up mRS
15% 46% 20%
;‘ 1 2 & Baseline mRS
ICASD 3% 36% 39% 14% 5%
n=36
0 1 2 3 Follow-up mRS
28% 25% 3% 8% 8%

FIG. 2. Stacked bar chart depicting the distribution of the mRS score in patients with MMD and ICASD at baseline and last follow-
up. In the ICASD group, 77.8% and 83.3% of patients had mRS scores < 2 before and after EDAS surgery, respectively. In the
MMD group, patients 82.6% and 80.4% of patients had mRS scores < 2 before and 80.4% after EDAS surgery, respectively. Three
patients in the ICASD group had an mRS score of 6: 1 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 scores
at presentation (1 had an mRS score of 4 and 2 had an mRS score of 5).
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TABLE 3. ASITN grades on follow-up angiography

ASITN/SIR No. of Patients (%)*
Grade ICASD MMD Total
1 3(12.5) 0(0) 3(7.0)
2 6 (25) 9 (47.4) 15 (34.9)
3 2(8.3) 3(15.8) 5 (11.6)
4 13 (54.2) 7(36.8) 20 (46.5)
Total 24 19 43

* Percentages are based on the totals in each column.

after the operation. Although only a small subset of our se-
ries had these earlier angiograms for analysis, these early
examples do suggest that revascularization after EDAS
may occur in many patients far earlier than previously as-
sumed.

The standardized operative and perioperative care of
these patients described here plays a fundamental role in
maximizing the chances of the procedure to induce revas-
cularization while minimizing the perioperative risk for
hypoperfusion, embolisms, and ischemic injury. While
direct bypass creates a new source of flow to ischemic ter-
ritories immediately, EDAS takes some time to develop
new collateral circulation. The early sudden increase in
flow induced by direct bypass can potentially produce hy-
perperfusion and hemorrhagic complications.®!* In addi-
tion, in the EC-IC bypass trial, patients with intracranial
stenotic lesions consistently fared worse following bypass
because the sudden change in flow dynamics across the
stenotic segment may produce stasis of flow and thrombo-
sis, which can embolize and/or propagate to occlude len-
ticulostriate arteries."'* However, direct bypass has the po-
tential 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 ves-
sel 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 stan-
dard in our management include scrupulous microscopic
dissection of both the STA and MMA. The MMA con-
tributes a significant portion of the neovascularity seen
after EDAS in most patients. In fact, we have previously
reported that the percentage enlargement of the proximal
portion of the MMA seen on postoperative angiograms,
due to increased blood flow through the vessel, was 49%
in MMD patients, very similar to the increase of 51% ob-
served in the STA.S

Comparison of patients being treated for MMD versus
ICASD revealed no significant differences in either clini-
cal outcome or angiographic revascularization. While the
goal of this study was not to directly compare MMD and
ICASD patients, given that the pathologies are different
with different natural histories, our findings suggest that
EDAS is an effective treatment strategy for both despite
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FIG. 3. Very early digital subtraction angiogram obtained 7 days after
EDAS surgery in a patient with ICASD. Anteroposterior view with mask-
ing of the early arterial phase to confirm the absence of contamination
from ICA contrast during the injection. There is no visualization of neo-
vascularization; however, there is evidence of contrast medium transit
into the superior sagittal sinus, not present on the preoperative angio-
grams, suggesting the presence of early collateral connections between
the extra- and intracranial circulation with caliber below the resolution of
DSA of 200 pm.

these differences. Our results show that both groups gen-
erally 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 me-
dian 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.> However, these find-
ings require further corroboration and are currently being
evaluated in a prospective Phase II clinical trial of EDAS
for ICASD (NCTO01819597, ClinicalTrials.gov), adhering
strictly to the same inclusion criteria used in SAMMPRIS.
If this trial is successful, an additional pivotal study will
be required to confirm the results.

This study contains a portion of data collected retro-
spectively, which introduces some limitations. Several
efforts have been made to address these limitations, in-
cluding the report of all cases performed, a detailed de-
scription of the inclusion and diagnostic criteria, applica-
tion 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 terri-
tory at risk. The application of strict operative and periop-
erative protocols reported here appears to reduce the rate
of TIA and stroke in both the early and long-term period in
patients with ICASD and MMD. EDAS is a useful alterna-
tive for the treatment of ICASD, and further evaluation in
pivotal trials is warranted.
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