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ABSTRACT

BACKGROUND AND PURPOSE: Simple-but-precise evaluation of cerebral perfusion is crucial for the treatment of Moyamoya disease.
We aimed to develop a standardized scoring system for MR perfusion suitable for Moyamoya disease evaluation and investigate the
postoperative serial changes and outcome predictors.

MATERIALS AND METHODS: From January 2013 to December 2016, patients diagnosed with Moyamoya disease and receiving indirect
revascularization were recruited prospectively. Clinical data and serial imaging studies were analyzed. The TTP maps were standardized
using cerebellar reference values. We developed a scoring system of standardized TTP maps: 14 points for each hemisphere with higher
points indicating better perfusion.

RESULTS: In total, 24 children (4-17 years of age, 41 hemispheres) and 20 adults (1851 years of age, 34 hemispheres) were included. The
mean preoperative TTP scores were higher in children (7.34 £ 3.90) than in adults (4.88 = 3.24). The standardized TTP maps revealed
dynamic improvement with an increase in the corresponding scores at the 1-, 3-, and 6-month postoperative follow-ups; the scores
stabilized after 6 months. The mean improvement in the 6-month scores of the pediatric and adult groups was 4.15 = 3.55 and 6.03 = 3.04,
respectively. The 6-month TTP score improvements were associated with Matsushima grades. If we took score improvement as the
outcome, the preoperative TTP score was the only significant predictor in multivariable analysis.

CONCLUSIONS: The standardized TTP maps and scoring system facilitated the quantification of the sequential perfusion changes during
Moyamoya disease treatment. The preoperative perfusion status was the only predictor of indirect revascularization outcome.

ABBREVIATIONS: EDAS = encephaloduroarteriosynangiosis; EPS = encephalopericraniosynangiosis; MMD = Moyamoya disease; MRP = MR perfusion

M oyamoya disease (MMD) is a progressive occlusive disease
of the supraclinoid segment of the ICA associated with col-
lateral vessel formation at the base of the brain. MMD has 2 age
peaks: at approximately 10 years and at 30—40 years. The major
clinical presentation is ischemic stroke in both children and
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adults.! Surgical revascularization is the only effective therapy for
patients with MMD to reduce their risk of subsequent strokes.
Although the clinical response to surgical treatment appears to be
favorable in most cases, there is considerable debate regarding the
advantages and disadvantages of direct and indirect revasculariza-
tions, particularly for adult patients.”* The effectiveness of indi-
rect revascularization in adult patients with MMD, however, has
been supported by clinical and angiographic evaluations.>”
Evaluation of MMD severity has largely depended on conven-
tional angiography. Suzuki and Takaku® proposed 6 stages of an-
giographic evolution in MMD. However, only some patients fol-
low this stepwise progression, and the staging is not correlated
with the clinical symptoms. Thus far, the evaluation of surgical
outcome after revascularization for MMD depends on angiogra-
phy using the Matsushima grading system.” However, conven-
tional angiography is invasive, and the Matsushima grading sys-
tem focuses only on the outer aspect of cerebral hemispheres.
Brain perfusion studies provide cross-sectional imaging
through SPECT, Xe-CT, ?O-H,O PET, MR perfusion (MRP),
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and CT perfusion in MMD.'*'* Given the adverse effect of radi-
ation, MRP is an efficient, noninvasive tool for evaluation. A
study comparing MTT measured through DSC MR imaging and
the oxygen extraction fraction measured through PET revealed
that an MTT delay of 2 seconds (compared with the cerebellum)
suggested misery perfusion.'® Changes in TTP maps after revas-
cularization surgery were reported to be correlated with clinical
outcome in patients with MMD.'® In clinical practice, the evalu-
ation of the TTP map is generally qualitative rather than quanti-
tative. A scoring system serving as a simple method of communi-
cation among clinicians, such as ASPECTS' for acute stroke
treatment, would be helpful for the treatment of MMD.

In this study, our purpose was 2-fold: First, develop a scoring
system for standardized TTP maps of MRP that is suitable for
evaluation of longitudinal perfusion changes; and second, on the
basis of the proposed scoring system, investigate the outcome
predictors for indirect revascularization in patients with MMD.

MATERIALS AND METHODS
The institutional review board of National Taiwan University
Hospital approved this study, and written informed consent was
obtained from all participants.

Participants

From January 2013 to December 2016, patients with MMD were
prospectively recruited and operated on by a single neurosurgeon
at our institution. The diagnosis of MMD was made according to
the criteria stated by the Research Committee on Spontaneous
Occlusion of the Circle of Willis in Japan.'® Preoperative MR
imaging and MRP were part of our study. The patients who did
not have a preoperative MRP result of sufficient quality or had
undergone previous revascularization surgery were excluded.

All patients were scheduled for MR imaging and MRP follow-
ups at 1, 3, 6, and 12 months after the operation. Conventional
angiography was performed before each operation and 6-12
months after the last operation. The age, sex, presenting symp-
toms, associated diseases, operative methods, neuroimaging and
clinical results, and surgical complications were recorded. Only
the operated hemispheres were analyzed in this study.

MR Imaging and MRP

MR imaging and MRP were performed using a 1.5T MR imaging
scanner, Signa Excite HDx (GE Healthcare, Milwaukee, Wiscon-
sin). The scanning protocol involved axial FLAIR, T2WT, DWTI of
5-mm thickness, TOF-MRA, and precontrast and postcontrast
3D-T1WI (inversion recovery spoiled gradient recalled). We used
DSC MR imaging for MRP (TR/TE = 1000/40 ms, flip angle =
90°, FOV = 24 X 24 cm, in-plane resolution = 1.9 X 1.9 mm,
thickness = 5 mm, gap = 3—-5 mm depending on the head size, 12
slices covering half of the cerebellum to the top of the cerebrum,
50 phases). The MRP was aligned to the subcallosal line with a
slice through the subcallosal line. Gadovist (gadobutrol; 0.1
mmol/kg; Bayer Schering Pharma, Berlin, Germany) was injected
5 seconds after the DSC MR imaging commenced (injection
rate = 3 cm’/s) followed by a 20-cm? saline flush. The follow-up
MR imaging and MRP followed the slice location of the preoper-
ative study.

Semiquantitative TTP Scoring System

Postprocessing of DSC MR imaging data was performed using the
Perfusion Mismatch Analyzer (PMA; Version 5.0.0.0; Advanced
Medical Science Center, Iwate Medical University, Iwate, Japan).
TTP maps were generated and input to OsiriX Imaging Software
(http://www.osirix-viewer.com). We used the National Institutes
of Health color bar for display and adjusted the window level and
width for each brain according to the value of the TTP of the
cerebellum. The numeric range of the color bar was fixed to 15
seconds, whereas the lower end was adjusted to 4 seconds lower
than the cerebellar average TTP value so that the cerebellum
would appear blue. The areas of prolonged TTP (=2 seconds)
would appear green to red on color maps. Figure 1 depicts the
sequential change of a patient’s standardized color maps before
and after surgical revascularization.

We developed a scoring system for semiquantification of the
TTP maps, the TTP scoring system. MRP at 14 regions in 3 levels
(ie, ganglionic, ventricular roof, and high convexity) was selected
for scoring (Fig 2). For each region, if blue occupied more than
half of the area, it was given 1 point. Each healthy cerebral hemi-
sphere would score 14 points. The infarcted areas were not ex-
cluded from evaluation. Two neuroradiologists read the stan-
dardized TTP color maps independently and provided the scores
according to the color in the 14 regions of each hemisphere.

Conventional Angiography

A complete angiographic study of the common carotid, external
carotid, and ICAs of each hemisphere, and vertebral angiography
of the dominant side was performed. Preoperative and postoper-
ative angiography was assessed using the Suzuki staging (I-VI)
and Matsushima grading (A—C) systems, respectively, for each
cerebral hemisphere.®’

Surgical Procedure

All participants underwent encephaloduroarteriosynangiosis
(EDAS) or encephalomyosynangiosis of the temporal region,
with or without additional encephalopericraniosynangiosis (EPS)
of the frontal or parietal regions. Patients requesting a 1-stage
operation underwent multiple burr-hole operations for both ce-
rebral hemispheres. During EPS and multiple burr-hole opera-
tions, craniotomy windows (diameter, 3—4 cm) were created to
facilitate the exposure of the arteries located in the cerebral sulci
and obtain effective contact with the donor vascular tissue. Dur-
ing EDAS, the horizontal width of the craniotomy window was
>3 cm to expose at least 1 sulcus and the vertical length was >7
cm to acquire a long superficial temporal artery flap. An anchor-
ing suture between the superficial temporal artery flap and dura
was created at the 4 corners of the craniotomy window. In addi-
tion, duropexy was performed by infolding the dural flap into the
cerebral sulci in every craniotomy window.

Statistical Analysis

Descriptive statistics for demographic data, clinical manifesta-
tion, radiologic evaluation, operative method, periprocedural
complications, and follow-up data are provided. The TTP scores
were treated as continuous data, without violating the assumption
of normality. TTP score improvement was considered a radio-
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FIG 1. Serial changes in 3 levels in standardized TTP maps of an 18-year-old female patient with
MMD. Preoperatively (A) and 1(B) and 3 (C) months after left temporal EDAS and frontal EPS and
a 6-month map after a right-sided operation (D). Preoperative maps show large areas of pro-
longed TTP in the anterior cerebral artery and MCA territories bilaterally (A). Areas of normalized
TTP near the craniotomy site (arrows: temporal EDAS; arrowheads: frontal EPS) are shown in the
1-month postoperative map (B) and are enlarged in the 3-month map (C). The contralateral
hemisphere shows simultaneous improvement. After a subsequent right-sided operation, the
right cerebrum shows increased areas of TTP normalization. The final maps show only small areas
of TTP prolongation at the bilateral medial cerebrum (D).

FIG 2. TTP scoring system. We counted and totaled 14 cortical regions in 3 levels of cerebral
hemispheres: ganglionic level (A), ventricular roof level (B), and high convexity (C). Each level is
approximately 2 cm apart. An area of blue larger than one-half of 1region is counted as 1 point,
otherwise, it is counted as 0 points. The total TTP score of Themisphere ranges from 0 to 14 points:
4, 8,and 2 for the anterior cerebral artery, MCA, and posterior cerebral artery areas, respectively.

logic outcome. The interrater reliability of the TTP score was as-

RESULTS

Patients’ Clinical and Radiologic
Data

During the study period, 31 pediatric
and 23 adult patients with MMD were
operated on at our institution; of them,
2 were excluded because of insufficient
preoperative MRP quality and 8 due to
previous revascularization. Finally, 44
patients (24 pediatric and 20 adult) were
included. Among the 88 hemispheres,
there were 75 operated hemispheres
(41 pediatric and 34 adult) included in
the analysis. Table 1 shows the patient
characteristics.

The pre- and postoperative features
of the operated hemispheres are shown
in Table 2. Among the 75 hemispheres,
an additional EPS was performed in the
frontal or parietal area in 15 (36%) pe-
diatric and 30 (88%) adult hemispheres,
respectively. Three adults had imme-
diate postoperative stroke related to
relatively low blood pressure and dia-
betic ketoacidosis; however, they were
stabilized thereafter. No periprocedural
infarction occurred in the pediatric
patients.

The mean follow-up duration for pe-
diatric and adult patients was 38 = 16.57
and 29.85 = 15.11 months, respectively.
Three pediatric patients had new
asymptomatic MR imaging—demon-
strated infarctions after the operation:
Two developed the infarction on the
nonoperated side, whereas 1 had it in
the posterior cerebral artery territory of
the operated side. MRA showed enlarge-
ment of superficial temporal arteries
and middle meningeal arteries on the
operative sides with reciprocal change of
the smaller anterior cerebral artery and
MCA. MRA and MRP revealed disease
progression in the posterior cerebral ar-
tery territories of 3 children during the
follow-up period; 2 of them received

sessed using the intraclass correlation coefficient. To investigate
the predictor for this radiologic outcome, we used a linear mixed-
regression model to control the correlation between hemi-
spheres of the same subject. Categoric predictors were coded as
dummy variables. If the predictor was a continuous variable,
standardization of the variable was performed to facilitate di-
rect comparison of coefficients. Univariable and multivariable
analyses were conducted using the Wald test for the coeffi-
cients. The significance level was set at .05. All statistical anal-
yses were performed on SAS (Version 9.4; SAS Institute, Cary,
North Carolina).
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adjuvant EPS to cover the posterior cerebral artery territory
later. The patients presenting with transient ischemic attacks,
cerebral infarction, hemorrhage, or syncope had no new at-
tacks. The patients presenting with headaches had partial-to-
complete symptom relief. One of the 7 patients with seizures
was still taking 1 type of antiepileptic drug, whereas the other 6
were symptom-free.

Postoperative Sequential Changes of TTP Scores with
Angiographic Correlation

The intraclass correlation coefficients of preoperative and post-
operative TTP scores were 0.95 (95% CI, 0.925-0.967) and 0.86



(95% CI, 0.789-0.909), respectively. Only the results of scorer 1
were further analyzed.

The mean preoperative TTP score for each hemisphere was
7.34 = 3.90 and 4.88 * 3.24 in pediatric and adult patients, re-
spectively. The sequential changes in postoperative 1-, 3-, 6-, and
12-month TTP scores in all patients with available data were as-
sessed. The mean pediatric hemisphere score improvement was

Table 1: Patient demographic and clinical data
Pediatric Patients Adult Patients

(n=24) (n=20)

Age (mean) (yr) 9.21 =359 324 +£10.94
Sex (male) (No.) (%) 16 (67) 3(15)
Clinical presentation (No.) (%)

Focal neurologic symptoms 17 (71) 13 (65)

Seizure 3(13) 4(20)

Headache 5(21) 3(15)

Infarction 9(38) 14 (70)

Hemorrhage 0(0) 1(5)
Comorbidities (No.) (%)* 3(8) 0(0)

@ There were 2 patients with neurofibromatosis type 1and 1 patient with systemic
lupus erythematosus.

Table 2: Pre- and postoperative radiologic characteristics

1.19 = 1.64,3.24 = 2.36,4.15 = 3.55,and 4.17 = 3.51 at the 1-, 3-,
6-, and 12-month follow-ups, respectively, compared with the
preoperative score. Furthermore, the mean adult hemisphere
score improvement was 3.18 * 2.69,5.08 = 2.72,6.03 = 3.04, and
6.34 * 2.93 at the 1-, 3-, 6-, and 12-month follow-ups, respec-
tively (Fig 3). In both groups, the postoperative perfusion changes
were more robust at 0—3 months than at 3—6 months of follow-
up. The changes stabilized after 6 months. The difference between
the 6- and 12-month scores was minor (mean difference, 0.08)
and nonsignificant using the paired ¢ test (P = .2). According to
the color maps, the earliest perfusion changes occurred in the
MCA territory around the craniotomy sites and grew larger on the
follow-up maps (Fig 1). After unilateral revascularization, the
contralateral cerebrum would also show perfusion improvement.
Most of the cerebral infarctions were small or in the white
matter, which would not influence the TTP scores. Among the
patients with cerebral infarction, only 7 of them (including 3 pre-
operatively, 3 immediately after operation, and 1 with disease
progression) showed infarctions sizable enough to influence the
TTP scores in the range of 1-3 points. These areas showed paren-
chymal defects on the follow-up studies,
and the points were permanently lost.

Pediatric Hemispheres

Adult Hemispheres Postoperative angiography was per-

(n=4) (n=34) formed in 56 cerebral hemispheres (33

Preoperative Suzuki stage (No.) (%) pediatric hemispheres and 23 adult

| 1(2) 0(0) hemispheres). We selected the 6-month

J 7(17) >(15) TTP data after the final operation to

I 18 (44) 1(32) .

Y 12(29) 10 (29) evaluate the surgical outcome for both

v, 3(7) 3(9) hemispheres. In these hemispheres,

Y| 0(0) 5(15) higher Matsushima grades (grade A be-

Preoperative TTP score (points) (mean) 7.34 390 4.88 £3.24 ing the highest) demonstrated higher

Adchitional EPS (_NO') (%_’) 15(36) 30(88) TTP score improvement (Table 3). Mat-
Periprocedural infarction (No.) (%) 0(0) 3(9) . . .

Duration of follow-up (mean) (mo) 38.00 = 16.57 29.85 £ 5.1 sushima grade A or B is usually consid-

Progressive PCA disease (No.) (%) 3(7) 0(0) ered adequate or satisfactory collateral

Recurrent stroke during follow-up (No.) (%)* 3(7) 0(0) formation; thus, the proportions of

Note:—PCA indicates posterior cerebral artery. adult and pediatric patients with ade-

? Between 2 operations: 2 on the nonoperated side, 1in the PCA territory on the operated side. quate results were similar (83% and

2 Pediatric ?2%, respectiv.ely). The me:.in TTP score

improvement in the 8 pediatric and 11

6 SO PES LT ittt ----Adult adult hemispheres without postopera-

'_.—"‘ tive angiography was 4.13 = 2.62 and

5 ’/” 5.73 £ 2.69, respectively, which was

. ’/ , close to that of Matsushima grade B in

adult patients and between Matsushima

grades A and B in pediatric patients, sug-
gesting satisfactory results.

TTP score improvement

Analyses of Postoperative TTP

Score Improvement
To compare the TTP score improve-

Postoperative months

FIG 3. Line chart revealing postoperative sequential changes of TTP score improvement. In both
pediatric and adult groups, the score improvements are most robust at 0—3 months followed by
3—6 months and reach a plateau at the 6-month follow-up. Our adult group has more score
improvement than the pediatric group, probably related to more severe preoperative disease

status.

1 ment across the hemispheres, linear
12 . .
mixed-model analysis was performed
with random intercepts. To keep rea-
sonable statistical power more than 0.8,
we chose only 4 predictors in analyses.
Age, male sex, preoperative TTP score,
and additional EPS to the areas other

than the temporal region were input as
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Table 3: Postoperative Matsushima grading and TTP score improvement (6 months after
the operation) indicating that TTP score improvement is correlated with Matsushima

sumed linear relationship between the
improvements in the preoperative and

grading ;
Pediatric Adult postoperative TTP scores.
No. of Score No. of Score
Hemispheres Improvement Hemispheres Improvement DISCUSSION

(%) (Mean) (%) (Mean) The standard evaluation before and after
Matsushima grade surgical revascularization for MMD has
A 17(52) 5.94 £ 3.72 10(44) 740 X237 been dependent on conventional an-

B 10 (30) 3.50 = 2.83 9(39) 6.00 = 2.96 . L
c 6(18) 017 + 117 4(17) 350 + 473 giography, which is an invasive proce-
Ui e 8 413 +2.62 1 573 +2.69 dure. Although MRP studies have also

? The patients did not undergo postoperative catheter angiography.

Table 4: Linear mixed regression model analyses of predictors for postoperative 6-month

TTP score improvement®

been applied in the follow-up of MMD,
no standardized scoring method has
been widely accepted for long-term use.

19,20

Univariable Multivariable Similar to previous reports, our pe-

Variable Coefficient (SD) P Value® Coefficient (SD) P Value® diatric participants experienced more

Age 0.92 (0.40) 03 —028(0.24) 26 disease progression during the fol-
Sex (male) —2.47(0.76) .002 —0.51(0.44) 26 low-up period, suggesting ongoing dis-
Preoperative TTP score —3.03(0.19) <.001 —2.93(0.21) <.001 ease activity, while our adult patients
Additional EPS® 3.03(0.75) <.001 0.58 (0.47) 21 presented with more severe disease and

? Linear mixed regression model with random intercepts and standardized age and preoperative TTP scores were used.

b P values were obtained with the Wald test.

© EPS to the hypoperfusion area at frontal or parietal regions in addition to temporal EDAS in the same procedure.
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FIG 4. Scatter diagram indicating that the preoperative TTP score is inversely correlated with the

TTP score improvement after the operation.

predictors. In univariable analyses, all 4 predictors were signifi-
cant. After further controlling the correlation among these pre-
dictors, multivariable analyses were performed. The results indi-
cated that only the preoperative TTP score was significant
(coefficient = —2.93; P < .001). Regarding the point estimate of
the coefficient, the absolute values of age, sex, and EPS decreased
considerably, and that for age changed from a positive to a nega-
tive value. The detailed results are listed in Table 4. The results
indicated that only the preoperative TTP score mattered when
taking all predictors into account. Figure 4 illustrates the pre-
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with more posterior circulation involve-
ment, which also suggest a more ad-
vanced stage.”’ The standardized TTP
maps and scoring system, providing an
understanding of the extent and severity
of cerebral perfusion impairment, are
suitable for long-term follow-up of sub-
jects with MMD, particularly for the
children in whom disease progression is
expected and radiation risk is a particu-
lar concern.

Our study indicated that an im-
provement in cerebral perfusion after
indirect revascularization can be seen as
early as 1 month after the operation, and
the postoperative 6-month TTP scores
increased to approximately 11 points in
each cerebral hemisphere. Multivariable
analysis suggested that hemispheres
with more severe perfusion impairment

. would benefit more from indirect revas-
. . N cularization, regardless of patient age. A
12 14 higher level of vascular plasticity and the

angiogenic potential are hallmarks of
MMD compared with vascular narrow-
ing of other etiologies.”>** The ischemic
brain may provoke revascularization if a
vascularized graft is present nearby.
Therefore, the hemispheres with poorer initial perfusion are sup-
posed to improve more postoperatively if optimal revasculariza-
tion coverage is provided. By contrast, the hemispheres with less
perfusion impairment may not benefit much from revasculariza-
tion surgery. Whether a preset EDAS or other revascularized flaps
can provide collaterals if the cerebral perfusion deteriorates at a
later time remains unknown. The optimal surgical timing should
thus be carefully determined with the help of TTP maps and
MRA.

Ishii et al** reported that a preoperative MTT delay predicted



the degree of postoperative revascularization and that no differ-
ence existed between adults and children in the degree of revas-
cularization. The authors used ROIs to measure different cortical
areas and obtain the MTT relative to the cerebellum. Ladner et
al*® developed a complex scoring system to incorporate the prior
infarcts, angiography, and cerebral reactivity to measure hemo-
dynamic severity in MMD. We used the standardized TTP map,
which is an easily obtainable method to evaluate perfusion inde-
pendent of the deconvolution algorithms. This simple scoring
system uses visual assessment rather than ROIs. The standardized
TTP maps enable rapid detection of the abnormal perfusion areas.
Although we used the PMA and OsiriX viewers, the generation of
TTP maps and standardization of the color maps can be achieved
in every MR imaging workstation for routine clinical use. By using
standardized TTP maps and the scoring systems, semiquantifying
perfusion changes during follow-up are feasible. Early detection
of disease progression would be easier by comparing the interval
changes on the standardized TTP maps and the MRA. Conven-
tional angiography might be best reserved for preoperative eval-
uation and surgical planning.

Our study did not provide data comparing the effects of direct
and indirect revascularization; however, the 6-month MRP and
clinical outcomes indicated that indirect revascularization in the
adult group seemed to be as safe and effective as in the pediatric
group. For adult patients with MMD with sizable areas of cerebral
perfusion impairment, indirect revascularization can serve as
a safe and effective means to reconstitute cerebral perfusion.
Whether direct revascularization or combined direct and indirect
revascularization is a superior method for adult patients re-
mains unclear. Our standardized TTP maps and scoring sys-
tem may offer an effective imaging tool to evaluate revascular-
ized areas and to quantitatively analyze the effects of different
operation methods.

Our study had the following limitations: First, our sample size
was small. Therefore, the number of predictors in regression anal-
yses was limited because of concern of statistical power. However,
it was a prospective study, and all procedures were performed by
the same senior neurosurgeon. Our results provided an insight
into how cerebral perfusion changes after indirect revasculariza-
tion for MMD. Second, the mean follow-up duration was 2-3
years in our patients. A longer follow-up period is vital, particu-
larly in growing children. Third, a stress test was not applied in
our perfusion study because the intravenous form of acetazol-
amide was not available at our institution. Another consideration
is the potential hazards of the stress test to the brain with impaired
perfusion. Fourth, we had only 12 slices to cover the brain because
of the limitation of our 1.5T scanner with TR = 1000 ms. How-
ever, we aligned our slices to the subcallosal line and placed a slice
through the subcallosal line, and the gap and slice thickness of
follow-up examinations also followed the preoperative ones;
therefore, the differences in slice locations among examinations
should have been minimized. Finally, the scoring system alone
may not reflect the true perfusion condition. In this TTP scoring
system, we could not further differentiate more pronounced per-
fusion impairment from modest perfusion impairment in a single
region if the perfusion impairment area was larger than one-half

of the region. However, we can simply compare the colors on the
standardized maps to resolve the problem.

CONCLUSIONS

We developed a TTP scoring system that helped in quantitative
evaluation of the preoperative severity and sequential changes in
MRP of patients with MMD. The preoperative perfusion status
was the only outcome predictor of indirect revascularization. The
indirect revascularization has a favorable outcome in both pedi-
atric and adult patients with MMD.
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