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MR Z % (Moyamoya angiopathy, MMA) 2 —F1E M i B , HiF
ERFATERM BB LRI IR EEED HKE |, RFPHIT
RS mMEMNMNZMBERAREFNKE. »RE MMA it
SEERNIANEEXES , EENARAIR -—HERLNKRE
CERIEREEN  BARAERKRBEELZ054/107), B
EREAER , XMEBHZFEMR 10 ££(0.047-0.086 /10 7)o *7
However, MMA is probably underestimated outside East-Asia and
may be an increasing health issue in Europe.* MMA &8 & #3359 /&
ERHFAMMD) , HESREMRFWERSSE, 1BYELT
4 B SRR 0 R ) SRR 8 M R s (A Sk BB NSRS A7 5% ) A X Y
WHWAERN REERFIREFESEMMS), " &RERB I
PRAGAE 2 00 0 & B (2 BRI R 4E(TIA), SRO0MEF
BRI i A4 D U ot A R R ) R RO AR BRI (SAH)) |, B4 % 3R
FTRAICAs 7 RAKEHNESENRENN I MERR
leptomeningeal anastomosis or associated saccular aneurysms.® ' Iff§
REBRFRAMBKETEMFAE:HATRERELHRKAME
MRROSHNMAEND , IETEHRAROES , MAEFTEA
AEEFTBELAEMAHMmME, 702 NNRE, w5
HRE, FeNzERERELNRFRE. " 2RKEN
ERRAETENBFAZBDERANES , B2 MMA ATAE —
MIERRSBTENRE , TEEILREHNF  BHERAF
01718 8 SR I B A R B F 19 K AR B B AR IAN 5 MMA 995
BAEZEX  BEABIHEFEE, " BRERZENERS
ANNMERNXE , B3 MMA SEEHRFHXRR,. RING
REMAFREMNZABHBES F. "2 532 RNF213 EEH
—AE&f, pR4SIOK EARBHFTERN , £EE MMA IR
TASERAT , BEAFBES ERBRIN , MHEAM RNF213
HETHNER 2 ERASKRBHRET K, »"MMA KNZH =2
R M EER L MFERER | 2 EXRE ICAs AR
20 0 /3 A T 3 Rk A/ 25 Al PR 3l RO 3 8 40 77 FE R 3% 7 = PR
& AEMEIHKEREMEREMBNNIMEMSL, 2%
AELLHIE MMA 2EF |, FRERNEER

8 R R KIN/E 30 fk(pea). B AR AR MRI F MRA #KH % it
RTIRA MMA B EEHZL MRS FRE , EAMBFRENE
BEEOSATMATIH®BIA, CATEGHLENODERS,
Patient diagnostic work up wusually includes haemodynamic
assessment by transcranial ultrasound examination and perfusion
imaging evaluation by perfusion CT or MRI with or without
acetazolamide (ACZ) and/or ACZ single photon emission computed
tomography (SPECT) or quantitative H2[150] positron emission
tomography (PET).'>** Although these techniques are currently
used not only to assess the disease severity but also to establish
indication to surgery, they are not validated, and no standardised
indications are provided for pre-operative and outcome patient
assessment.*>?’

To date, no treatment limiting the progression of the occlusive
arterial lesions is available for MMA patients and strategies aiming
at reducing the risk of further cerebrovascular events employ
surgical revascularization techniques.”**° The surgical methods are
mainly divided into direct revascularization, in which the superficial
temporal artery (STA) — a branch of the external carotid artery
(ECA) — is directly anastomosed with the middle cerebral artery
(MCA) or the anterior cerebral artery (ACA), and indirect
revascularization (synangiosis procedures) in which tissues
encompassing ECA branches (dura mater, temporal muscle, galeal
tissue, or superficial temporal artery) are placed in contact with the
surface of the ischaemic brain.Potential indications for
revascularization surgery include ischaemic symptoms, a decreased
regional cerebral blood flow or a cerebrovascular reserve (CVR)
decrease on perfusion imaging.** Moreover, although recent meta-
analyses suggest the efficacy of surgical revascularization in
symptomatic MMA patients, the optimal surgical procedure as well
as the timing of surgery remain controversial.Usually, decisions on
the surgical approach depend on the neurosur- geon’s expertise and
on the condition of the donor and recipient arteries.”* E it , RE
ELRET -EHRITERR , “XNT MMA WEEBNAT , H3I=
ERNEES , —ERBEEEHAIR,

The aim of this guideline is to provide recommendations guiding
stroke clinicians and researchers to ensure the best diagnostic and
therapeutic management strategies when assessing patients with a
diagnosis of MMA, with the final objective of reducing the risk of
stroke recurrence and long-term disability.
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BEPRAKNPBIES FHERIELAMWG). ZE—4HE
& 10 f % ES
(AB, NK, BF, FA, IC, ETL, PV, MZ, MK, DH), iX 10
NERMBROEXRFELENER , I MMA BERHRANE,
THRABHEENEWELFR , 3 EHLIIDEEN | BBEEZ
Ro EIONMNTHEEARAS , FEABERMNIHE. Two
methodologists (SH, SL) supported the literature search as well as
performed data extraction, risk of bias assessment and meta-
analyses independently.

ESO EMEBECNNITERSTE T THEAMERANA
MERAMSHE , HFET THEANAR. THELARER
RNFAERRERBBERETHREME-R 1.

VG R IF BRI FT R FI#E 7

IR IE ESO AR ERF(SOP) il , “ B RIBHTEEIL,
FE, RERMITNEN 2R (GRADEVERHIEN, 7 THEAHIE
T—PMNEBEFEMMENMNRE , RAWIEKFE, FBER
KAPICOFEAR, T, LREMNER) , HAHAE IMBE
BEARUKRESO EEZEASNRITEASHARTEE, T
ARRABBITEERERD N XBH, EENHAEREER
B, RERERXRAERIFZE. 841 PICORBNERTTER
BEEWEMR-FR 25,

We considered as critical outcomes (defined as ‘critical for
making decision’): any stroke (ischaemic or haemorrhagic), major
stroke (resulting in moderate to severe disability defined by mRS 3-
5) and disability.We identified as important outcomes (defined as
‘important but not critical for making the decision’): TIA, death and
cognitive impairment. X RIGRE R(UCO)BIEFMBEXENEEN
%%0

LR

For inclusion in the guidelines, MMD diagnosis should have been
performed according to established angiographic diagnostic
criteria’*? including the presence of stenosis or occlusion at the
terminal portion of the ICAs or the proximal segment of the ACAs
or MCAs and abnormal vascular networks in the arterial territories
near the occlusive or stenotic lesions.Patients were considered
symptomatic when presenting with TIA, ischaemic or haemorrhagic
stroke,  headache, = movement disorders or  cognitive
disturbances.Unilateral presentation was considered only in
syndromic cases (MMS).

AOERE, FTH, LRAEGRPICO), TEAFET N5
MMA EEMXH PICO A& , HF/LNFRBS LR 6 HAE
ZRWER), TRNLEE, GMEME-FT2), THEAREE
EMET=MRENTHER LEFTME. ERLUUARARN
FMIREYT. 7E PICOS M PICO6 1, MAABRSILEAFHKX
AFFR, BREEKE-REFHENXBEREXMNPER TR
TEN. BXE, MMANRZEIEFETERRMMEN , ME
RAPEBUMEOARSE, MEEZERECARIERNT
BEmAEFRTE 6 #HERESHOEHRNNFENENEDE
X, HEMEXRIILERCLUFEER. T PICO8 , N TERIE
MEENRMRE , NAREN BN EARTERER. & PICO
BEARFEBEM T MMA BEF | SEHN/HEAF AL
EEMNSMMMESHIMEZEZFAN 3 ARAER , REE
BRAR A RIGRE REOVR B HAVIESE 8 BEN FIREEE , M
AR—AEIEMNRE , UERFAALRER/ L FARMR L
FENHR, X—EREREE L PICO RN FHMLA , 6T
ERBHITXBER, EXREF , N THRERRARXEN
MR, BB AENXBERNINE. XBRRRIAT
EBRIER 6 B 12 AEFH/EAFRERBFANHE, X4
6 3 12 BMER EE RN Z AR WA 8 AN FIIER , X2
N ABRNEXERREEEFR/P . The module working group
agreed to change the wording of the PICO as follows: In patients
with MMA, does respecting a 6- or 12-week minimum time interval
from an acute cerebrovascular event to revascularization surgery
compared to earlier and/or immediate surgery reduce the risk of an
unfavourable clinical outcome?

X5

NFEANPICO M , BRABHEIA X, Mk, B , AELE
THEEANMESHHAEFRSL MSH)ZAER —H. ¥—1NE
ROEERETAN , CHERAR AR, ExEXNBNENR
THITTERNRETEN  FATHNNERRBNER |
HELERMAER, ERERBEENZTHR-XH 1 PHER, &
NN XEHT T RSB , UK EREZ S PICO &,
ZI¥EZEH ESO 1T
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BESFHEZFR. XTFB—APICOEA , RINBRTUTHIE
FE:PUBMED, EMBASE # Cochrane Library , \&/NRIEEE X 3L
2022528, BMNEBRTHRNENSEIIR, FEEHAD
ASEZEERBEMERMMNMMEXIERKIERE. BRERWMHIE
F web B9 Covidence F A (BRERIF , BAFLERA) , HIE
BitiTiRfE. MEIWAE UL MWG B R 5 15 TRIk 32 75 15 7
Covidence EM B IR MR BMBE |, A 1TME R E T8
RNARNEN, FENSBRBBIRUFRASE=ZML MWG
B R B 12 18 BAR R . We prioritised randomised controlled trials
(RCTs) but due to the limited data, we also considered health registry
data analyses, large observational studies and systematic reviews or
meta-analyses of observational studies.Only observational studies
with more than 40 subjects for paediatric and more than 30 subjects
for adult MMA were selected for evidence-based recommendation. i€
VXERBWRERN TRE-EE  HEOBEUTE-RA
BAMEIN (P ORRER) , HRAEMEIRBNMERTE
MRE. “7E thepulse EEABBIEEERMNEBERT , T MMS
MERER , XPMRERBRRR 20 1MN55F, RIIRAERTH
A?éﬂ’ﬂﬁﬁ?% , MR BRI & XM, 2WHE(OXTER)®
HEBRTESDo

TS

BTEH/EARMD M E ESO BEFRSHMSLMI TR KA
DerSimonian and Laird( B8 #L % 81 )7 5% , £ A Review Manager
(RevMan) 5.4.1 lRAE 4 (Cochrane)#t 1T meta 4. ¥ HATFRHE
ABRE, TMRANRESFOHERENERAMEME Bt | &
MNERTENBNERMTIREERNER, EEFTNERK
BERLEMBEITTRERI 5% EBREXE(C). A LPAITE
DEAREFET >30%) , ERMEBH(°>50%) , HEHZ
(P>75%), "HEEZWERT , BEARGO4REOEET
B MERARASILE)#TIADH. 4 PICO K MWG K
AW ITESN T NE RO BN,

XHUESRE dm 49 1O
HEZK

fm & X B Cochrane MMERBE XS T B 5 AT TIQ T4

(RoB 2)F T hE#HLiXE , ™ ROBINS-I TE A FIMEHHAR, 2

B EIE D 4% RS XN\ GRADEpro guidance Development Tool
(McMaster University, 2015; H Evidence Prime, Inc. Ff K)o 3 F
BAPICO RBMBMNER , RMNERUTEAZETHFILE
KEFENSIMEUERAR) N REXE X TLERT —BHENEE,;
IEEMEIEYE  ERVTEHENEM TN RE. E4H5H T
GRADE iEFEHR/ RELRRBE , HATHETEWN, "“EF
ERNBUWRETELNAE . BN ERE, BEMNES2
1R4E GRADE iE#Z & ESO-SOP HEM, ¥

&G, SPICOANNEERBNIEIREXREHETIEEN
B, UREAIEKEERFEEXRESN , URMERHLR
FH, TRARFARETIFEAMBERRANKE, &
BEXRETL, BT NMNANTULELR , ZES5IEKMEX RS
HRE, EENRE , XEETRARNFAFNERNETIERE
RN, *EME-RIEE T EXRHIRFH,

XHEHEER, BXK, #E

RIZEHE ESO SOP , 4 PICO [RIEEEF R B2 HEER,
CE%E , CHENIRESMEAE T HANREBEEEZER , AR
M ERFEAX RABRMEMARNERIIT T EEMITIL,
BZ  HARENE-HIoPRINARRUESFARGER , U
REBANARORBLA DM, EERITIARREFEIX R
HEARTURHEZRKESHEMRENEES , A07T
“Bff 015 .75 Third, an ‘Expert consensus statement’ paragraph
was added whenever the MWG considered that insufficient
evidence  was  available to  provide evidence-based
recommendations for situations in which practical guidance is

» needed for everyday clinical practice. Bl B & (X ) EBIEAEEIL

MERHEIRFH, The Guideline document was reviewed several
times by all MWG members and recommendations and consensus
expert statement wording was modified using a Delphi approach
until agreement was reached.The final submitted document was
peer-reviewed by two external reviewers, two members of the ESO
Guideline Board and one member of the Executive Committee.
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EREBFEMEBMMA)BEF | SFFHTMR3Y D F AL, RS D FIECEIS ITENMERSE. MRI. SPECT. PET MiEEF)2EEE
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RIS T KL

MMA BER ﬁﬁﬁﬁﬂ’ﬂ:ﬁﬁi'&?ﬁ?ﬁﬁﬁ MMA 2% | BNBWEH#TYOMERENMRRPRTORZ DEITME |, UBBREK, ATRZBRGE S5,
W S5 L R AT Ia) D TR B TS M E LRBNARRE, K99 B, LRMRAMREARTER MMA BENLEREZAFRMRFAS
FSNRHDFMEEAZAEAXNTRE , LR DFIEHZERTIEES), RHTFRURHETRREHAMER, R0 R, ERRE: -

?Eﬁ?ﬁﬁ ?For patients with clear haemodynamlc triggered TIAs or watershed stroke in one cerebral artery territory, perfusion studies should be considered to identify other

haemodynamically compromised yet asymptomatic brain territories. & 9/9 5.

?For all patients in whom cerebral perfusion will be performed, we suggest using those imaging methods
most familiar and available depending on individual institutions. 3% 9/9 2,

PICO 2 In patients with moyamoya angiopathy (MMA) does the assessment of involvement of posterior circulation compared with no assessment
improve the identification of patients at higher risk of unfavourable outcomeV

fEIE *&ﬁ ? %-< 1‘/ Va EE
?In patients with MMA there is a continuous uncertainty over the PEFENILRIMMA 2EF | RNBVLE PCA RERFERAER S FUTILE), U
advantages and disadvantages of performing PCA assessment, based EERHINADEESXR %%‘ £I9E,

on current evidence, due to the lack of specific comparative studies

. . ?In adult MMA patients, we suggest assessment of PCA or posterior circulation involvement to
and to the heterogenous populations (i.e. operated and not operated

atients T BT AR RE S 52 identify patients at risk of ischaemic or haemorrhagic stroke. 3% 9/9 &,

5 NENE )7 o

EERE:-

HEERE:-

%ﬁé%@gﬁﬁﬂ%ﬁ%% RNF213 5 B4 % 55 B B FH 4 N 'ﬁ?ﬁ%.&t?ﬁ*ﬁgﬁ EEERSEENTRIMEXRRK?

& %/ o=t

?There is continued uncertainty over the advantages and disadvantages ~ ?7E MMA 2&H , Tiefik , RITB WK X RNF213 p.R48IOK HITRAMTERHEE, &
of performing variant screening of RNF213 p.R4810K, due to the lack £ 8/100

of specific comparative studies
_URBENRE  XEBRBEASRERMESE,
FRERE -
HEERE:-

PICO 4 In patients with moyamoya angiopathy, does antiplatelet therapy (any possible regimen) compared with no antiplatelet therapy reduce the risk
of an unfavourable clinical outcome?

fBiE#E ERARFH

PEMMA 29, KERO/MMUTENZLARRBRAFETHE  EEEIYE MMA 2E4 | RNBUERKBRIVMRTE |, RS R EEP KR |
, IFRRERE BFEE R RREE. & 99 R,

EERE-

PICOS EMERMEREES K MEEBFARAEFRFRMELERERE T T RIGIKERBHIXER?

R TRIAFH

HAZE HAZE

ERAMMA i EBEBEF | BRAEWAE LI RITS) H2E ?In adult MMA patients with ischaemic presentation, we suggest that revascularization surgery
BARERERFENER THTOLEERFRANE N EE STA- should be considered in case of clinical symptoms and/ or imaging markers of haemodynamic
MCA S RAREIER). FRERE Koo impairment. 3% 9/9 Ro

EENEFHTM272ERA MMA BENROEEE  FHE ?In adult MMA asymptomatic patients, we suggest considering conservative treatment except in

E%EE%E%TJ;*D 4L, Rz B2, patients with both cerebral haemodynamic impairment and silent ischaemic lesions in the same

= bral region.3% 9/9 &,

B, cerel

EBRATER MMA 2Ed | N TRIEEZNARNBLFER ?In symptomatic and asymptomatic adult MMA patients, we suggest that surgical revascularization
BN EM, is performed in a referral centre and by a neurosurgeon with significant experience in surgical

;{égﬁ % RAEE revascularization techniques. 3% 9/9 &, JLBHHEA

T - ?In paediatric MMA patients, we suggest revascularization surgery where there is evidence of

{fﬂﬁé tric vatients. there i int the risks and ongoing ischaemic symptoms or cerebral haemodynamic impairment. 3% 9/9 &,

?In paediatric patients, there is continuous uncertainty over the risks an . . . . .
bSn efits of cperebral revascularization AF R & ﬁyﬂ e ?In paedlatng MMA patients with recurrent TIA or recurrent l'schaem{c str(_)kes, we suégest early

R revascularization surgery except in case of large territorial ischaemic lesion. 3% 9/9 &,

?In paediatric MMA patients we suggest that surgical revascularization is performed in a referral
centre and by neurosurgeons with significant experience in surgical revascularization techniques.
R 99 K,

e
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PICO 6 In patients with moyamoya angiopathy, does direct or combined revascularization techniques compared with indirect revascularization

alone reduce the risk of an unfavourable clinical outcome?

fBIEEE T RLREH

HAZE

?In adult MMA patients with ischaemic presentation, there ?In adult MMA patients, we suggest direct/combined revascularization instead of is continued uncertainty over

the superiority of combined ~ indirect strategies for reducing risk of stroke.

over indirect cerebral revascularization strategies.
AE 35 [ B - A R R ) L) 2B
HEF58E - 2In paediatric MMA patients, we suggest combined revascularization instead of

ERAR AR BN T REUA R | U EEHR R
RS X

?In paediatric MMA patients, there is continuous uncertainty on the superiority of

combined cerebral revascularization over indirect revascularization
TRERERAEE
HERE-

PICO 7 In patients with moyamoya angiopathy, does the discontinuation compared with the continuation of antiplatelet therapy during the

revascularization procedure increase the risk of an unfavourable clinical outcome?

EIEEELTRLAFY \ o o . . . . N

MMA 2EEFMIEERZFRNT MMA BE | RNBW , ERESARTAREE  AIUMUSTENE —TOAM AR IER 2 NEETHEN. A, &

BFRPRMAMRTE. BHE , BRONBUARG 17 REFFRFM/MRTE | IEEREBATARETENNERZEHE, RI9IR.

HEE R E - ?In case of dual antiplatelet therapy (aspirin + clopidogrel or other antiplatelets), we suggest stopping clopidogrel, or the other second antiplatelet therapy, for 7
days before surgery.#% 9/9 %,

PICO 8 In patients with MMA, does respecting a 6- or 12-week minimum time interval from an acute cerebrovascular event to revascularization surgery
compared to earlier and/or immediate surgery reduce the risk of an unfavourable clinical outcome? f&ilE # & % R 1R 5 8

WEFA—BEFETHEM. In patients with MMA, we suggest waiting 6-12 weeks from an acute risks of early or delayed surgery, due to the lack of specific
cerebrovascular event before performing surgery for MMA patients, to reduce comparative studies and to the heterogeneous population the rate of postoperative
complications. % 9/9 &,

%3], ?In patients with MMA, we suggest avoiding trigger factors such as dehydration, Quality of evidence: fever, and hyperventilation as well as hypotension when waiting for
surgery EEZH:- 9/9,

T MMA BF , RNBWEILESHFAN , NPEE-SEHHRE, R I9 R,

?In patients with MMA, we suggest that early surgery could be considered in paediatric patients
especially those with recurrent TIAs, single or recurrent ischaemic strokes with rapid and complete
clinical recovery.#% 9/9 &,

PICO 9 In patients with moyamoya angiopathy both after surgery and in conservative patients, does long term follow-up neuroimaging
assessment compared to no follow up assessment modify the clinical practice in term of medical or surgical treatment?

fBirE ERLRFH

There is continuous uncertainty over the advantages and disadvantages ?In patients with MMA, we suggest that neuroimaging follow-up should not only be limited to post-
of providing systematic follow up assessment, based on current operative evaluations of surgical efficacy but should include long-term follow-up to evaluate
evi}%ejr_lce progression of angiopathy. 3% 9/9 &,

EERE:- . o . . L .
?Eﬁ%%é- ?In patients with initially diagnosed unilateral MMA, neuroimaging assessments should be carried

out for early detection of progression. 3% 9/9 &,
?In conservatively managed patients with MMA (asymptomatic and symptomatic patients with or
without haemodynamic impairment), neuroimaging assessments should be carried out.3% 9/9 &,

?In patients with MMA, the neuroimaging follow-up should include at least MRI- MRA and
haemodynamic evaluation (MR perfusion, PET, SPECT). FEBR KW A TR , ZMN T B A8
REAN. BRI R,

T MMA 8% , YMREMERT , FEMEBTREREBA MR ATEREN , M
FH 1T DSA. RIVE,

VEEIT NN R TRESEAE  MAMZEAMR. &I E,
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g8 T RE i At E 7 37.3 N Ao Disease progression was defined in
PICO 1: In patients with MMA, does haemodynamic th1§ study as the occurrence of any ngurologlcal symptom or silent

lesions on MRI or CVR worsening during the follow-up.

assessment by (CT, MRI, SPECT, PET and ultrasound) MMA 2 H M XE EE, In acohort of 200 Caucasian

compared with no haemodynamic assessment improve European patients, 9.5% of the patients had an haemorrhagic
the identification of patients at higher risk of presentation.'* CVR decrease on SPECT was prospectively found
unfavoumble outcome? to be an independent risk factor (HR 5.37, 95% CI 1.07-27.02) for

subsequent haemorrhage in a supplementary analysis of the Japan
X1 H B U #EH) 5 #To The literature search identified no RCT and Adult Moyamoya (JAM) trial."" In East Asia, bleeding risk

no comparative studies specifically evaluating the effectiveness of .. o0 "o 210 found to be associated with decreased basal

the assessment versus no assessment of haemodynamic status (by perfusion measured by 99mTc- HMPAO-SPECT.® AT , @A F

CT perfusion, MRI perfusion, PET, SPECT or Doppler sonography) A ME N TERMBENNEREE 2 | U ﬁ' HE5x
in identifying patients at higher risk of unfavourable clinical WMREFY EAEWTEER
outcome

(uco) Regarding the impact of haemodynamic impairment on

cognition, long-standing hypoperfusion in specific brain regions

B, BXEaklEANRYRNSHEERT A BRD measured by SPECT was found to be associated with impairment of

DI HE ; : several cognitive domains (p < 0.01) in 53 Japanese patients.”" Roder
;E ﬁggigg‘;iﬂﬁ Q’gﬁ; ?giéggiiﬂ'ﬂ TERNEMESERLI , N CMSRANEETESE

= o ey 354 7 — H2150PET 7‘ru ACZ HK&EP*’*}”IJQE’J CVR ?ﬁ{’ﬁﬁEL¥$E9€1io

= LR E R B BAR, s IEIJ'r‘iTEEﬁnEF ’E?(OW“)MCA R 5 (= 0.0145) MCA LR RH PET 28
EEHS WA TIRE MMA BER MRS h 3 mhR G, B enBEREFEMR, © |
5661 Herve ZRTHEMBEIE T 90 BIRRIAT NS RIERERAN Numerous studies demonstrated improvement of perfusion
MMS £ HEA28MNH, “fEiXEEEDR ZEWER- 99mic  assessments after bypass surgery for almost all methods of
B hmpa; ) s;;ect Wfﬁlﬁ'\] CVR 45 L‘I XZ)‘EEEE/E HTIA E . 3 haemodynamic assessment including CT perfusion, Xenon CT,
BERNZDHRIFRNEE % ':’F' BRI B M 5 ﬂfll’l”iﬁ perfusion-weighted imaging (PWI), Acetazolamide-99mTc-
A5 XU M 0.5% 52 0 3 207%0 SHMEFMKIERE B HMPAO-SPECT and PET with ACZ challenge, both in East Asian
e AR RIS B ?—TQ%E'J %;*T B R ﬁf,{%’,@, A and Caucasian patients.”™**™7" Transcranial Doppler sonography

FHEZEHRRHNEE  XEBRENED }.j] LR R 43 7K I8 1L with inhalation of hypercapnic normoxic gas to assess vasomotor
SRR, @6 - reactivity is also known to reflect CVR, allowing pre- and

postoperative haemodynamic assessment in MMA "7

Overall, based on current literature, it is not yet possible to
identify the best haemodynamic evaluation technique for MMA risk
stratification and each available perfusion imaging modality has its
strengths and weakness.PET £ H2150 , "o, B C"0,as tracers,
seems to have greatest clinical utility as it allows quantitative
assessment and could be used to evaluate oxygen extraction fraction
(OEF), cerebral metabolic rate of oxygen (CMRO2) and CVR
capacity.” " X I ENEAM ZRAZRNEFTAME, SK
decreased CVR (p < 0.001, log-rank test) on 99mTc-HMPAO- AR £ RIS B R A SPECT using 99mTc-ECD, 99mTe-
SPECT® T Yang Z A © found a significant relationship between HMPAO and 1231-IMP as tracers is also considered as a reference

initial CVR decrease and disease progression (p = 0.05) in 42 standard technique to assess the regional CBF and the CVR
asymptomatic MMD capacity to CO, or acetazolamide challenge but this perfusion

modality was found,

Regarding asymptomatic MMA, natural history data are available
from only few studies and biased by inconsistent definition of
‘asymptomatic’ and short follow up periods. In a small cohort study
of 40 East Asian asymptomatic patients, perfusion studies (Xenon
CT, SPECT, PET) detected cerebral haemodynamic impairment in
40% of hemispheres but it was not related to disease progression in
conservatively treated patients.”” Another study on East Asian
‘asymptomatic’ subjects (defined as without ischae- mic event or
cerebral lesion) found a significant association between TIA and
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E—HRF , EERMNZH CVR FEFWPET BN, *The TEMIREHFMIGKSE RS EAIMEXME,

other perfusion imaging modalities used in the management of EERR MMA R — NEEWFHBBE , BB TAMENALRLR
MMD such as ASL, CT perfusion, PWI, resting-state fMRI, and [EFIEHRNMR. EAFRF , JLRIFRA MMA 251118 , K
transcranial doppler ultrasound are more available.Even where they [EIE X RH* FREHZ RIFMENEHIE | URIZISEXN R
have been compared to SPECT and PET, their predictive value SHMMEZEHERFNER, BREMEEYHNEMER , KW T~
regarding the clinical course of the disease have not yet been &ExT PCA EILRAOFTHNSEMILT,

prospectively verified.®* ERTHN—HARAFILE MMA £2E&9F , PCANS5H AN
NEXEEENTNER. "NERERFENFIRA4 S)
PCAMSE5SHRMMUEPRNEBRE. ¥ Araki F Ao, 2021

f}ftﬁlfwith MMA, there is continuing uncertainty over the FRRF o ke " RS )R 7 A MmN
5 2N &b 3 + /
advantages and disadvantages of performing haemodynamic 7o EJ&\ ! ﬂiﬁ%iﬂhﬂP ’ 21\ RIS PCA %EE’J*E 9&0 qm::"
assessment, due to the lack of specific comparative studies and to the E—TERHHEMILM MMA BRIIBTRR S | 35%8 56177
heterogeneous populations (i.e. operated and not operated patients; i¥  PCA, Early age at symptom onset (<2 years of age) and PCA
ETANAREEE %%, IHERE:- involvement was observed to be an important risk factor for a higher
EFERE - overall stroke burden with an unfavourable neurological and clinical

outcome tested on the paediatric stroke outcome score and modified

Rankin score (mRS).ZKflith , PCA NS S5 RITHRBRENIES

BIpa—— BEFNLBEEN - RREAT | EELAAINEN— 25
SHFHEMMA BE  RIENEDHRE R #THIR NS ZXEBMHANE. ' Additionally, long-term social outcome, that is
Wd , AREBIRR. Collecting these data for further analysis may be testing for education and occupation history has also been shown to
useful in guiding future decisions in this rare disease. 1% 9/9 %, be unfavourable in patients with PCA involvement 10 years after
NFELER MMA B8 | URBEERS MR D FMEABERTH  revascularization surgery.”

SXWBE | RTMRDHFIHE  WREREERBROAE e LB G RIETRA MMA B (5 8%
¥IK, & 99K, For patients with clear haemody_namlc trlgggred 3% 25%-60%) | {8 PCA K95 SABKEEY AN LB T2 Xt
TIA.s or watershed stque in one cergbral artery territory, pe.rfusmn EEEMMEER 0

studies should be considered to identify other haemodynamically o e

compromised yet asymptomatic brain territories. % 9/9 £, ATFPCASERAANBNEERBEORIR I, “on
For all patients in whom cerebral perfusion will be performed, we suggest Hishikawa % , * compared long-term outcomes in adult patients
using those imaging methods most familiar and available depending on with posterior circulation involvement versus those without, after
individual institutions 3 9/9 %o cerebral revascularization.The prevalence of stroke presentation was

significantly higher among patients with posterior circulation
involvement than in patients without PCA involvement (67% vs

15%, p = 0.006).3X &£ B HH mRS R ERFMAREHEEHRS.

=2

PICO 2 Z'EMMA BER , __?*ﬁ 1T i f__ﬁ ke, X In another long-term (>5 years) follow up of MMA patients (62%

TEFNAB TG BB REIEBN TR BN EE adults) after combined direct and indirect surgery,” symptomatic
gery, symp

557 disease progression affecting PCA occurred 0.5— 15 years after

initial surgery (mean 5.4 £ 4.4 years) suggesting late disease
progression and hence highlighting the need for longer follow up
periods after bypass surgery.

X I B UL 5o X B RIZH BA A LA 3R R4 44
MMA BEERIAZRERITEBERRBIZ RNEL.

Bt m1E & . Although MMA is more often considered a disease of
the anterior circulation, involvement of the posterior circulation,
mainly posterior cerebral artery (PCA), has increasingly become a
point of interest due to
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In a retrospective analysis of 574 angiograms, PCA involvement
was present in 30% of East Asian adult MMA patients with
haemorrhage being the most common presentation. it p |, SKREF
PCA MY BEMLL | #2 PCANBERERBIEIENNKRAE
BE&. “Noh & A, “evaluated 104 adult MMA patients with
ischaemic stroke or TIA, followed up for a median 29 months.45 I
EETMEER AR, PCA stenosis (HR = 17.53, 95% CI 2.02—
152.43) was identified as predictor of ischaemic stroke recurrence
(1.6% in the first year and 11.8% in the fifth year) in non-surgically
treated MMA patients, but not in the surgically treated MMA,
suggesting a protective role of surgical revascularization.

o, ERERFMNEM-F T REKER , BIFIREN R KA
FREEMB—MEIEF, ©is , FREHMNE MMA Bl
MNEEMMEE, *Funaki F Ao 7JAM BEXT 75 It 0 1K
BREBEM 75 BT THEDMN , LERER 24 BI(32%) H M0 R ¥
KFEHEPCA , AERZTENZTESMPRIAX RIS HME
M #8 X o In addition, the presence of choroidal anastomosis was
associated with posterior haemorrhage, with a good topographical
correspondence between bleeding points and the anatomical
distribution of the choroidal arteries.

In addition to being an important risk variable for stroke and poor
clinical outcome at baseline, involvement of PCA is also important
while planning revascularization surgery.Park et al. showed PCA
involvement to be an independent risk factor for peri- and
postoperative stroke (within 15 days of surgery) in adult patients who
additionally had preoperative stroke and TIAs.” Muraoka & A FIFFR
=B, MIILEBRME, ¥

fEIEEE

EMMA 2EH |, B TRZBERGLRFR AR ZREARF
(ENFRBENKRFAREE) , ETHRIERE#IT PCA AEHIR| B
%g%gﬁﬁiﬁﬂﬁﬁﬁmE’ﬂ‘lﬁﬁ%;%%)o R E -

TRAIAFH
ERENIILA MMA 2% , BNEBETEHE PCASERAZER
45312

PICO 3: 75 MMA BZH#17 RNF213 ZEMHT Z 4
BRI, SAHBTECHENEERLL , TS
XIEREEHIRS

TRIgg 2 E?

X I B UEAERY 7970 XA BAR R IEMFFRE E 1L RNF213
ERZRNERCRNTERAR , BUREXN UCO BREEN

HAl,

HiESE. MMD 517q253 (U RIIXER “RHERERAREEF |
RNF213 EH (p.R4810K E p.R485IK)FH — N — K8 U RT,
013X p.R4810K (c.14576G>A)ZE R TE 95.1% K R HE HR
BIF 792% M B A M HAE R BB P HERME] , OR 7 259 (p <
0.001), " The exact pathophysiological mechanism by which the
RNF213 gene is involved in MMA pathogenesis remains
unknown.However, p.R4810K has been found also in about 20% of
intracranial major artery stenosis as well as in 0.4%-2% of Japanese
controls.' ARTMIEE RAXMEFNAE FHETEEHNE MR
HRR , UERRENDBEE  HHEE PCANSSMHE, &
SUHES , XEBEHEREREREME MMAKBRE, &
R(<SF), UM AMETE AR | FRFREIIAFNES, ©8
ARBAVRERINHEEERN RN EERAR , BREH
RZRAE R RNF213 224 p.R4810K B R 5S4 R Z RIKEA
KB, HAR , BAN 3RIIGHIT T I , BREAAND T
EHE. HaraZAMNE—RBIEXHART prr- 4810k TR 129 B
ARJIEARRATR(KFFIRELS F)EENEMERRF
MIER., i 80%M B EFEMA SIS RNF213 p.R4810K
A 5, The authors did not find any significant association between
heterozygous p. R4810K genotype and clinical surgical and non-
surgical outcomes, after 1-year follow-up. SEF £ Lk , BB H
BHMEEEN pr-4BIkTRNEEEEFSINRIFNFARE
R EBEFFEE90.9% vs 92.2% vs 76.5%;P = 0.166)o 55—
Bl FIFFRT 94 B HA MMD 2&# 1T T EESKAS R
RMZEZE , iFE 7 p.R4SIOK EEE S 100 MHB0-2191MNA)
BITERZEINXZR, “E 4 FIEABREEFE 69 6(73.4%)
B W B pR4SIOK (c.14429G>A) RNR2I3 EE T R, &4 &
FA/AMZE FEF(A/G) T BITE 5 BIF o4 I BE PRI
EERENEIFEZRNES

sTUTILE) , LHAEEERZREZRENEE  UHEERKRNEE

PRAAREFHIXEL, 799 R

ERA MMA B2EF | HATEIY PcA RIS H M i 22 37T, &R E,
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genotype regarding baseline features except for a slightly higher
frequency of TIA in A/G compared to G/G patients.All patients
underwent surgical revascularization.There weren’t significant
differences among these genotypes in terms of perioperative and
follow up stroke occurrence or in the stroke survival rate and
frequency of poor functional condition.Finally, Wang et al.,
evaluated retrospectively the genotype of 2545 Chinese MMD
patients treated with surgical revascularization (median of follow-up
duration: 32 months).Of these 627 (24.63%) patients were GA and
10 (0.39%) patients were AA p.R4810K genotype.They did not find,
using multivariate Cox analysis, any association between p.R4810K
variant and stroke or poor neurologic outcome at the last follow-up
visit.

EFEAT MMA 2&F | pR481I0K RNF213 R FFE , » {8
HAF B3 EEBEEA RNF213 SREERS MMA BX, ©
NP ERRARAN , HERZIXETZHNIGRERZBHIERE,
However, de novo RNF213 gene mutations located in the E3 ligase
have recently been reported in several severe infant onset MA cases.””
1% jver, kidney and skin clinical manifestations are often associated
with cerebrovascular manifestations in those infants leading to
diagnosis delay and unneeded investigations.

fRIEEE

EMMA 2E&F  ATHRZBRALEHAR , BBEEZTERERM
2 EI FHIT RNF213 pR4SIOK BERFURMERE—EE
EXHREM.

RERE:-

HERE -

TRH{LIAFH
EMMA 2E% , Lok , RATEWK IS RNF213 p.R4810K 3
TRGUTRME, RE 8/10,

PICO 4: In patients with MMA, does antiplatelet therapy
(any possible regimen) compared with no antiplatelet
therapy reduce the risk of an unfavourable clinical
outcome?

Xt B % iF #F B9 % #7 o The literature search identified no RCT
specifically analysing the effects of antiplatelet therapy compared
with no antiplatelets. AT , AKX AMEEHR F1Z PICO RE T
MXES.

EMMAF  fill/MRBERTHEAER: A TEFAY
MMA 2% , BREDROBAATFRAGTHEE , BH
R B F AR EEX R

complications as well as ischaemic strokes in the long-term follow-up.
Am, ERERNFAEREE R , MMA L AT RI A ML m |
REF MM AN ERBRZ—, 7

ROUOEMRITAEZI MDA N BEPROXR, BT
RN ABBEFERRMY , BR8N %4 Rt 1T meta
7 #1 (Pang T AHME T MEKIHEK), " Ye FANBERITH
fio ")o The first study found no significant differences in the risk
of cerebral infarction (2.3% in the antiplatelet group vs 2.3% in the
conservative group) or haemorrhage (5.9% in the antiplatelet groups
vs 7.8% in the conservative group) after a mean follow-up of 62
months."’ On the other hand, Ye et al."" reported significantly fewer
ischaemic strokes in the group of patients treated with anti- platelets
(5.6%) as compared to conservative or surgical treatment (8.4%) after
propensity score matching and an average follow-up period of 33
months."" Additional cohort studies have addressed the influence of
antiplatelet agents on the risk of recurrent stroke. H N HEHFH R F
£ % (Research Committee on Moyamoya Disease) 933 i iff 73 & 3
MR NEE 10 F R ERET TIA SNETEH 344 B
MMD £2EMEZEPRERFZRBE W (Q2.9%/5 F vs 1.6%/5 F)o "
Interestingly, there were significantly more haemorrhagic stroke
recurrences in the group of non-antiplatelet therapy (4.2%/5
years  vs 0%/5 years)."? On the other hand, the International
Paediatric Stroke Study, in a retrospective analysis of an international
multicentre registry which included a total of 174 children >28-days
old with MMD (90% of them initially presented with ischaemic
strokes), reported 20% of stroke recurrence over a median follow-up
of 13 months, without any difference in antiplatelet therapy among
those with or without a stroke recurrence.'”

With regard to disability (defined by mRS > 2-5), Ye et al. found no
significant differences in the group of patients treated with antiplatelet
therapy as compared to conservative/ surgical groups (22.6% vs 26.4%)
after a mean follow-up of 33 months."' The J-ASPECT study, in a
propensity-matched analysis from a nationwide registry in Japan,
concluded that pre-hospital antiplatelet use was significantly associated
with good functional status (defined by mRS 0-1) on hospital admission
of non-haemorrhagic MMA patients (OR adjusted for covariates
3.82;95% Al {5 X & 1.22-11.99), '™

Finally, only two studies provided data related to the mortality
outcomes in MMA patients treated with antiplatelet therapy
compared to no antiplatelet therapy.'"'" Ye et al. found a trend of
higher frequency of deaths in the group treated with antiplatelets
(3.77%) as compared to a group of conservative or surgically
treated patients (0.94%) without antiplatelet after a mean follow-up
period of 33 months."" Seo et al. in a larger and longer study,
concluded that antiplatelet therapy was associated with a
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Antiplatelet No antiplatelet Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events  Total Weight M-H. Random. 95% CI M-H. Random, 95% CI
Seoetal 2021 207 859 693 1852 T72.0% 0641056, 0.74] ]
Ye elal 2020 2 53 1 106 28.0% 2.00(0.37,4312] -
Total (95% CI) 912 1958 100.0% 1.07 [0.22, 5.36) —aEEER—
Tolal évents 208 694
Heterogeneity: Tau*= 0.93; Chi*= 2.26,df= 1 (P= 0.13), P= 56% 0 o1 0:1 t:[} 100’

TestoromiieRect 2x0.00 = 0.9 Decreased risk Increased nisk

1o Meta-analysis (for PICO 4) showing the risk of mortality among antiplatelet users compared to non-users.

& 2o GRADE evidence profile for PICO 4, In patients with moyamoya angiopathy, does antiplatelet therapy (any possible regimen) compared with
no antiplatelet therapy reduce the risk of an unfavourable clinical outcome?

W E TG BB, & i BEM
ABER R
% WREIT R F—HEETEREM % z X “$33(95%)
=] 53 Al B #
o bl
B _
it 1 TRER (95% ¢
= E ci) i
)
FE 15 AR SE T
2 NEFE FEFE" R & 209/912 694/1958 1t
ﬁ ¢ =l 1.07
7 (22.9%)(35.4%)(0.22-5.36) 1000(M 276 RIE 0B E
BAZ
25
F 1000
A
Ed
%
)
CLEEXE;RRAR Ao
MANTAAR LRMENL , AFEHAERR. "Variation in follow-up period.

cHEREXE,

GRADE Working Group grades of evidence:
RAEE AXNARTESHITHRREZTE.

reduced risk of death in a multivariate model after a total follow-up of
163,347 person-years (HR 0.77;95% ® f§ X [& 0.70- 0.84) o '
However, our meta-analysis (Figure 1), including 2870 MMD
patients, found no significant effect of antiplatelet therapy on the risk
of mortality with a pooled relative risk of 1.07 (95% CIL: 0.22—
536). 15 HFEBEMNEITHRERKR, RREMNTERY Only one of the studies included in this analysis specifically

AR W 45 1 GRADE ¥ & #9 B & 4 3k % £ (% 2:Figure 1 and analysed the effect of antiplatelet therapy in a cohort of 5308 MMD
Supplemental Materials-Table 4). patients initially presenting with cerebral haemorrhage, 4008 of

them were treated with antiplatelet drugs."” Interestingly, the Cox

. e regression analysis showed a reduced odds of long-term mortality in
= H AT S s = & A . . . . .
MaER, & MMA Biar Rigs | BAUFE=MERRR: MR the cohort of patient with prior haemorrhagic stroke with the use of

- Ny M o S

gfi?”}gﬁ gﬁgﬁgiggﬂmﬁﬁgiﬁ;ﬁf nggf + aspirin (0.49;95% CI 0.32-0.75) , 78 ¥%& 4 W (0.40,95% CI 0.30-
= ﬁf_’}'ﬁ T RAZASERE MMA BERRIRRERS 0.53) =% & Mt #& & (0.57;95% CI 0.46-0.71) as compared to no

(MES)SBRERSE T HITS), " XARKRTREOKR. ,piplatelet therapy.'™

"% One retrospective study in a small population of MMA observed a

reduction of MES after antiplatelet administration or regimen change.”™ g3y

EE ;1% $té E % :E"I 2 M?/IAt'ﬁl tAlE’t\J (T 2N ﬂthﬁ i ‘wt’ GRS 1@] ° 1;1 In patients with MMA there is continuing u&c&r}ginty&v_ejr 121_1% benefits

valuaing the type ol antiplatelet drugs, the most commonly use and risks of long-term antiplatelet therapy. UE#E /R & A5

agents in the studies included in this analysis were aspirin, clopidogrel ~ #E&ERE:-

or cilostazol as monotherapy, with only a minority of patients receiving

dual antiplatelet therapy.”"*" Since the literature search for this PICO

question was focused on the comparison between antiplatelet versus no % R3tIRFEA ‘ N
antiplatelet therapy, we did not retrieve any randomised clinical trial LMY MMA 2ER | ZATRUERKBHRINRITE
DUR D1 ZE R XA KBS | B8 o0t it R R, R 9/9

<o

UL MAER. —ENEMERRRIEE R M/ NMRZS Y
TIRADH , —EMRBESHYRIBRNERIBER M
Htg AMPA N BEE AR i MR EREMRIET X,

115
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PICOS: In patients with MMA, does revascularization
surgery compared with no surgery reduce the risk of
an unfavourable clinical outcome?

HAZE

Xt B B UFE R 5 #To We identified one completed RCT, the
JAM trial, addressing PICO 5 which compared direct
revascularization with best medical treatment in adult MMD with
haemorrhagic presentation.'” It was a multicentre, randomised
control, open label study (Table 3, GRADE profile and Table 4, risk
of bias assessment). NIEAT 12 NAABMA, WHZERREMIR T
FHIMFEE., FER16-65%, HEIBIMNKFBRE. Patients
with diastolic blood pressure >110 mm Hg or treated with
extracranial-intracranial bypass surgery before enrolment were
excluded.The JAM trial included 80 patients and randomly allocated
participants to either conservative medical care or extracranial-
intracranial direct bypass on both sides (each side to be performed
within 3 months of inclusion). 5 Z AR I ABFBIFEFRA 42 6
R SF4H 38 il There was one protocol violation in the surgical
group with one patient receiving direct bypass on one side and
indirect bypass on the other side.To increase the number of events
and power, the primary outcome was a composite endpoint defined
by recurrent bleeding, completed stroke causing significant
morbidity, mortality or significant morbidity from other medical
causes or requirement for extracranial- intracranial bypass for a
nonsurgical patient.The primary composite endpoint occurred in 6
(14.3%) patients in the surgical group and 13 (34.2%) patients in the
nonsurgical group during a mean follow-up period of 4.32 years
(HR: 0.39 [95% CI, 0.15-1.03], p = 0.057).The log-rank test
revealed that the surgical group was at significantly lower risk than
the nonsurgical group for the primary end-point (3.2%/y vs
8.2%/y;P = 0.048), XELERMNEZ TR ERMAANNELE
BINEX. MRITEEEREN=160) , RRFEFRATRHE
SHRFRRN 8wy , FRAR 4%y@URAEHES , L&
HAKFER 0.05), ATRHEFHNEEREBR T  KRLBH
KEBRENSO(ETFARHLEHE<28%), Perioperative
complications were observed in eight patients (9.5%) and included
hyperperfusion syndrome, TIA, seizure, scalp bedsore and tear of
subcutaneous drainage tube. X ££ 3 R FEBR 1 Bl 59 R E R o
This low rate of perioperative complications, including mainly
transient events, may be related in part to the experience in
extracranial- intracranial bypass in MMD of all centres participating
in

KRB HRE T ER TR D BVNEEM,

EROMEBEETD , RNV REEFRERAXTMZE
RERNFTUNRSEOBHKE, Ex—TESES  R%
T HERAEAATEZEDMBRENLERNESHR, ot
A reduction in any stroke was found in MMD adult patients with
ischaemic onset who underwent revascularization surgery compared
to conservative treatment with a pooled relative risk of 0.54 (95%
CIL: 0.28-1.01), p = 0.06) (Figure 2). However, it is important to
consider that most of these studies were retrospective, conducted at a
single centre, and lacked matched control groups.The indication for
surgery was at the discretion of each surgeon and based on variable
clinical or imaging parameters, explaining why demographic and
clinical characteristics differed in all studies between surgical and
conservative groups.lt b |, MIZ BEEFMRFATT UREIHH
TR, XEEXRATHRBHAENFEZRWIERE KT (R
3, FRER , I FEMB-KS),

WNFRETIAZHRBEENREHREE | BRION XE#THR
SEH , RMIAE-—INRMELRHAR , EETRNEAKE
£, HBRFEIT 366, BIEMMEZER 4 ], During a median
follow-up of 32 months, no patient had a stroke and 3
conservatively treated patients had a TIA which was associated with
decreased CVR on SPECT imaging.* 3 F TR MMD £& |
HBERE., IGKME %%L?&??*MLEEMRﬁéEE&L
E’Ji‘;ﬁ)}Jlﬂ?ﬂ?ﬁ{ilﬂﬁﬁ EE#HTHEAZNZICAREHAK
W Ea X — L H EE

Bt m 1§ £ o Few predictive studies have been conducted
prospectively on non-operated patients to identify subgroups of
patients at higher risk of cerebrovascular complications to help
decision making for surgical revascularization.Regarding patients
with haemorrhagic presentation, an ancillary prospective cohort study
of the JAM trial using 5-year follow-up data on 37 patients included
in the non-surgical arm has suggested that choroidal anastomosis
could be an independent predictor of rebleeding in haemorrhagic
MMD' In this study, the incidence of rebleeding was significantly
higher in the choroidal anastomosis-posi- tive group (13.1% /year)
than in the negative group (0.3%/ year, p = 0.008).Moreover, in the
positive group, the haematoma was located in the choroidal artery
territory in 7 of 10 patients suggesting a causal association between
the presence of choroidal anastomosis and the occurrence of
rebleeding. Another supplementary analysis in the same
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#3 GRADE evidence profile for PICO 5, In adult patients with moyamoya angiopathy, does revascularization surgery compared with no surgery reduce the risk of an
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R 4o PICO 5 FEHLIY BRI Y fm & XLBR o

MREE  GRFHD EAAEESE RBRERETH BTROERE REPRELENARENERERETEARE
HmE BRMEENRE BOEE0RE NE
ES

BEAEEAN. EX 201412.111 . . . I .
0. . @5

EXEE * —LEmn =X o

Revascularization surgery No surgery Rizk Rato Risk Rabo

Study or Subgroup Events Total Evenls Total Weight M-H. Rasdom. 95% CI M-H. Random. 95% CI

Jang etal 2017 N 109 6 u N3i% 1.41061,3.28] il Cr

Kimetal 2016 17 301 12 140 218% 065]0.32,1.3¢) S

Lee etal 2012 17 89 6 9 254% 0.2910.15,05¢) —e

Noh¢tal 2014 8 59 12 6 Ne% 051023, 1.14) —

Ye etal 2020 1 53 1" 1w0s 7% 018[002,1.37

Total ($5% €N 611 M4 100.0% 0.54 (0.28, 1.01) e

Total events G4 a7

Helerogeneity Tau*=031,Ch?=1093 =4 (P=003),F=63% iJOI lJ%l 1 'I¢0 1004

Testfor overall effect Z=1.92 (P = 0086)

Decreased any sroke risk  Increased any stroke nak

2, Meta-analysis (for PICO 5) showing the risk of any stroke in adult MMD patients with ischaemic presentation who underwent

revascularization surgery compared to standard of care.

cohort, used SPECT imaging before (resting state) and after ACZ
challenge to evaluate the impact of cortical haemodynamic failure
on rebleeding.* N BIFEKEZBEENFEERNNLNEENREE
EHTTZEED M. Among 72 non-surgical hemispheres, 34
(47.2%) had no haemodynamic impairment and 38 (52.8) had a
CVR decrease associated or not with a decrease of baseline blood
flow.The presence of haemodynamic failure was found to be an
independent predictor of rebleeding (HR 5.37, 95% CI 1.07-27.02).
IRs H 2 RN BETRAEBEANBHOXE , A
WNHALEFAEERNEE LI, Indeed, in the same study,
whereas the occurrence of rebleeding was significantly reduced in
the presence of CVR decrease in the surgical arm compared with the
conservative arm (HR 0.15, 95% CI 0.04-0.57), there was no
significant difference between the two arms in the absence of
cerebral haemodynamic impairment (HRI1.56, 95% CI 0.22-
11.10).Regarding patients with ischaemic presentation, cerebral
haemodynamic impairment seems also to be one of the major
predictors of poor prognosis.A first prospective study failed to
establish a significant association between the occurrence of stroke
during follow-up and cerebral regional oxygen extraction fraction
which presumably increases at the cerebral tissue level when
autoregulation is exceeded.” However, the limited number of
patients included in these studies, low event rate and large number
of censored cases due to the decision to pursue revascularization
surgery might explain these negative results. & T #Y — T UM #F 5%
AT —MeRA%E , ERINISHENEN

potential predictors of clinical or cerebral tissue changes in 90 adult
patients with MMD or MMS, including more than 60% of ischaemic
presentation.” In this cohort, the detection of regional alterations in
CVR (HR: 4.4, 95% CI 1.2— 16.1), a history of TIAs (HR: 4.18, 95%
CI 1.37-12.75) and East Asian origin (HR: 2.63, CI 1-6.94) were
independently associated with an increased risk of stroke or
incidence of ischaemic or haemorrhagic lesions on MRI.The
predictive value of cerebral haemodynamic status in ischae- mic
MMD is reinforced by the low risk of stroke occurrence observed in
a prospective cohort of ischaemic MMD adult patients without
misery cerebral perfusion on PET imaging.'”'® The incidence of
further ischaemic events was only 6% per 5 years of follow-up in this
population of patients having no cerebral area with abnormally
elevated oxygen extraction fraction (OEF).

BRFAARETNEZNRBRD. A grading system has
been proposed to stratify the individual risk of perioperative
complications in adult MMD.* Z2XREFU T =R B XES
%41/ the degree of steno-occlusive lesions and the development of
intracranial and extracranial collaterals on conventional angiography
(1-3 points), 2/ the absence or presence of ischaemic or
haemorrhagic lesion on MRI (0 or 1 point) and 3/ the CVR capacity
(>—5% = 0 point, <~5% = 2 points)MMD , =R A 1273 , =HR
N 3-4%9 , ZHH 5-6 o This grading system was first evaluated
in 37 MMD patients treated by a bilateral and one-staged
revascularization approach.” RIBZ D RAENHEE RN DS
REFHRERX
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REEERMBAIR:0% , TR:9% , T HK:16% , p<0.05)o The
predictive value of this grading system has been replicated in an
independent Japanese dataset of 89 adult patients treated by
unilateral combined revascularization strategy.'' 14.6%#9 F R 3 2k
RETEFRBROMEMBMHARE , 2RSCINHRERX
(p <0.001)

fEiEEE

In adult MMA patients with haemorrhagic presentation, we recommend
revascularization surgery (evidence only for direct STA-MCA bypass)
in case of cerebral haemodynamic impairment and presence of
choroidal collaterals. iF &5l £ 0@
BENEFATHERAMMA 2EWRMMEERED , HFX
iz EZ KX M B BEETEEM.

EERERAEE

EERE-

ERAZIER MMA B2EH | X TRz EZ24 KM A
FHEAHEM,

TERERUEE

BERE-

TRHIAFEH
XNFHAMMA BENGRIMETE , RIEWHE HIGERERA/
RIMAZ D ZEBHZEERCH , NERMZERFR, &99

ERALIER MMA 254 | RINBUEREFAST  BEF—X
B A A 50 0 1R E A E R IR (5 B R, 1
99 &,
HTAERATEROEA MMA B% | RNBUERDHOHE
EEEANNEEREAZRNBENNEEEFIRNEER,
RIOE,

LA

X B USRI 7 H. BAT MMA BIL#ITT RE B | &
BRIRCT , RAE-TUNEMRE , WXEEFMPEENER
BATT FARBTMRPETHLER, EXTEBES FOHRR
P2 BRI EEWE MM DM 2 Among them, 214
patients underwent surgical revascularization (direct bypass,
combined bypass or indirect bypass) and 68 were treated
conservatively.During a mean follow-up period of 41 (9-145)
months, a significant reduction in any stroke was found in MMD
paediatric patients who underwent

r-MEXFRQ8%)SRFETT(13.2%) M, AXFRELR 0.21
(95% CI:0.08-0.57) (Table 5, GRADE profile, Supplemental
Materials-Table 5). In addition, at the end of the follow-up period, a
significant reduction in disability was found in patients who
underwent revascularization surgery (2.8%) compared to
conservative treatment (20.6%), with a relative risk of 0.14 (95%
CI: 0.05-0.34).

B 015 £ . One historical comparative study of children with MMD
compared outcomes in terms of activities of daily living (ADL) (1-5
grades) of a total of 88 MMA patients (48 paediatric) with and
without surgery at a follow-up period of 6-86.4 months.In the 33
patients with surgery, ADL improved in 61% versus only 26% in the
non-surgical group.This improvement was more prominent in the
paediatric group.'* These results reflect the particularly severe natural
course of the disease in children compared with adults resulting in an
increased burden of stroke and long-term disability.Recent single
centre studies with 100 and 73 paediatric MMA patients respectively
and a multicentre study of 63 MMA patients, all of mainly European
ethnicity, confirmed the high risk of progression with recurrent strokes
in MMA children and more so in the younger age groups as well as in
those showing PCA involvement.***13 £ — 3 x F R L)L BHEE 7%
SENRENHBYP , Kim FAER 7T EXME BN IRKRFRE
56 In a recent follow-up study of 415 paediatric MMD patients, the
same authors showed a favourable clinical outcome in 81% of the
patients about 3 years after revascularization surgery.Good results of
surgical revascularization in paediatric MMA on short- and long-term
prognosis has been shown in several other studies to date."*'**

fREEE

FIILRMMA BEF | B TFARNMEEZHR L ZLDFEER
BEM, TERERAGSE

HERE:-

ERIAFH

EILBMMA BE 5 |, BBZWERFERMERIMW IR 5%
BRMIEENEL THITMZEZFR, RIVR. WTEARE
RIETIA FRERERMEFRHILY MMA BE | RIJZURE
RITMEERFAR , RIFHAAEROXFERM TR, R 99
o BB MMA B2ES , RINZBUOMIMZERER DT ORLT ,
i*EEE?hﬂﬂﬂiﬁi@ﬁﬁfiﬁﬂﬁﬂiﬁéﬂﬁﬂ@?Q*ééﬁl‘ﬂlzii&ﬁo
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Direct of combined révasculdnrabon IndwreCt revascularization Rtk Rata Rk Rabo
Study or Sub Eveats Total [vents Total Weight M H Random. 9% C1 M H, Randorm, 95% €1
Bang otal 2011 1 (1] 2 14 10% 0100, 11g
Choi etal 2013 2 17 4 18 165% 0.53(0.11, 253 s
Gao etal 2021 20 0 13 90 300% 0.4%[0.26,0.94 -
Gross slal 2013 2 29 3 13 158% 0.30(0.06, 1.48) e o
Lied #lal 2012 16 67 7 57 275% 1941086, 439 T
Total (95% C1) 455 192 100.0% 0.58 [0.24, 1.39) —i——
Total events 41 Pyl
Heterogenedy Tau'= 0.5, Cr= 1062, df= 4 (P= 003}, 1= £2% o o 1% 100

Testsor overall Bt Z=1.22P= 02D

Decraased any $¥0ke AEk  MCreased any stroke nak

3o Meta-analysis (for PICO 6) showing the risk of any stroke in adult MMD patients who underwent direct or combined revascularization surgery

compared to indirect revascularization surgery.

PICOG In patients with MMA, does direct or combined
revascularization techniques compared with indirect
revascularization alone reduce the risk of an
unfavourable clinical outcome?

In surgical practice, three different revascularization strategies are
apphed indirect, direct, and combmed revascularization. X T E %
2E  EER r*ﬂﬂ*é‘fn“ RE MBI KB, Currently,
there is still no consensus about the best type of revascularization
surgery.To answer this question, we first analysed the overall data on
indirect versus direct revascularization strategies.In a second step, we
differentiated the adult population from the paediatric population as
the key factor affecting the benefit-risk balance, that is the efficacy of
indirect revascularization, differs in these two situations. JL 2 B 4F =
AHRENNERSAEERaNATEMANEEREME, In
contrast, in adults the cerebrovascular system displays a reduced
angiogenic activity as a function of age.Thus, indirect techniques
may result in better vessel growth rates in the paediatric population,
providing better results than in adults. HEEENZ , RN D
e, BAVRBE XD B R TR R E#ER AR,

HAZE

Xt B B uf #& #9 % #7 o Our analysis identified no RCT and 7
observational study on adults with MMA, comparing combined with
indirect revascularization strategies for the outcomes selected in these
guidelines. & 7 TR H , B S W > > FEMAFRBEMN=
FFZ 1251414 assessed disability as outcome parameter.

Bang & A , "reported 65 patients with MMA undergoing either
indirect or combined revascularization.The authors used combined
STA-MCA bypass with a variety of indirect techniques encephalo-
myo-synangiosis ~ (EMS),  encephalo-duro-arterio-synangiosis
(EDAS), enceph-  alo-duro-arterio-myo-synangiosis
(EDAMS).The mean age was 35.0 +£ 12.4 years (range: 16-65
years), thus, only including adult patients.Mean follow-up time was
63.8 £ 29.7 months (range: 18—139 months).This study supported a
trend for superiority of the combined technique over the indirect
technique in preventing any form of stroke (2% vs 14%, RR 0.11
[95% CI: 0.01-1.18]).Choi ZARET —PMNRPHBERNG,

EXEF 17T MBEA

1S PIBETREZED RARBEAR, Again, only adult patients were
studied with a mean age of 43.6 + 8.5 years. ¢ 33 B& 15 & 8] 7
544+238 AN B . The stroke incidence for the combined
revascularization group was 12%, while 22% suffered stroke
following indirect bypass alone (RR 0.53 [95% CI: 0.11-2.53]).Gao
EARERART —DABRANHR. “ Here, 281 patients
underwent combined/ direct revascularization strategies and 90
patients received an indirect bypass.Only adult patients were reported
with a mean age of 39.0 £ 11.1 years.The mean follow-up time
accounted to 41.5 £ 23.0 months, with a wide range of 6.1- 83.4
months.This study demonstrated superiority of the combined/direct
approach over indirect revascularization strategies with an OR of 0.49
(stroke events in 7% and 14%, respectively, during the observation
period). 58 I9 1 #ff 3% ' is characterised by a heterogenous patient
cohort and included patients with typical MMD as well as patients
with atypical unilateral MMA and MMS.The study focussed on adult
patients with a mean age of 39.2  12.2 years. £ #& i ¥ 2 & 8] £ 13
N2T7F. MANEREYRD , 29 flEZBRE T, 13611
BEDRR, REFEXMFHAY , BAHRIBFHREERLT
B 2 B R B #8 38(7% vs 23%;Rr 0.30[95% 7] 15 (X 8] :0.06- 1.58])0
SXMEMREMAL  FERRRERE TRESERARRTAZE
BEEARER > RAHERREEFNRR, EXE , £F 1245
BERRE o BEIRENZEREKK , 57 BEZHENEZ
BEERK., SHEMRMELL , ZHRNANRABRE (EHFR
43.1+10 %) | $i’>JXL$H‘II‘ETUJ 55£192MNA. BRED RARAEHE
FREM STA- mca 2 AR M AL A duro-galeo( & & )-synangiosis
(EDAGS) , f£/ STA-galeal Z#EH STA-galeal & , EER—FF
AERWEERE, ZREAS  XATTENKK , €%
EDAS. EMS I EDAGS , EEFANAERKBLLR, HE

B TARATT B BB ER 24% , BIEER T HNA 12% (RR
1 94[0 86-4.39)e BAMNXEMMARWEZESMBIHETR , BE
¥ MMDRITHEESD AR HR KRS L EE A
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Direct of combined revascularization  Indirect revascuolarzation Risk Rabo Ritk Ratio
Stedy or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 5% CI
Gaoetal 20N 4 m 2 90 924% 0641012, 3.44) _"_'i_
Kim etal 2012 5 51 3 % 141% 1471037,581) +
Latetal 202 13 a“ 18 52 765% 085047, 1.54) ——
|
Total (§5% C1) e 187 100.0% 0.90 [0.54, 1.50) B
Todal events n n
= . 2 My b . " Y
Heterogeneity Tau*= 0.00, Ch* = 0.69, df= 2(P= 0.71); "= 0% hor o 1 i 00

Tost % ovprall effect 2= 0.41 (P = 0.65)
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4, Meta-analysis (for PICO 6) showing disability risk in adult MMD patients who underwent direct or combined revascularization surgery

compared to indirect revascularization surgery.

direct or combined revascularization surgery compared to indirect
revascularization surgery [RR 0.58 (95% CI: 0.24— 1.39)]. HF &£ 2
BRI RERRE, SRESRENERINEE KT hH
%R%DE T HEMIFEER(FR 6,GRADE HEE , B3, 4T
P = 6)0

The three studies focussing on disability as primary outcome (mRS >
2-5) failed to reveal a clear superiority of any of the bypass strategies.
BRRAEZRN—NMFHH , BEFRPIREIRSBAERER
ZERHEZEMF. Gao FA, “HIAR T AN 371 BRBENRK,
B, £281 flEZHREMZERNEET , B 1%NBEEH
BIGER , MAE GRS HEMNEZEENEES , B 2%NEE
ERHEMNER, KimEANHR. ' focused only on outcome as
measured by the mRS. Fifty-one patients were treated with a combined
and 45 patients with an indirect bypass. T BEIIARFA , FIIF
¥ 38 % (18-68 % ), The follow-up period only covered the
perioperative period up to 6 weeks following surgery, rather reflecting
the risk and complications of the bypass strategies. FE R /5 £ , Bk &
HEY 10%ME AN 7%WAEFFRE(RR 1.47[0.37-5.81])0 AT,
RTREGEEEAR - ER2EEFRAESLAPR MBI R |
EEBBELAFABRE, LaEA, “HEZT , LEEED A
A, EMARENBRENE, EHEE o6 BBE 4 BXRAK
BT N EXRARBENEERAT. BEYRRFA , THF
B 42411 2(18-69 ), EAWHEF K MABENZERY  BL
AFFHR , MABENBIRE D57 30%F 35% (RR 0.85([0.47-
1.54]))e WX=ZBHENLRE DM ZE T Bk B E BT R M=
NWEARRFRMNER, EXIMERBEHET , EEIHKSMEZ
EEFASHENZEZFAERERSTHEBERAXNRLTELE
EMRXRME(P=0.68), HPLETMEPFERETENRBRR, 5
REMTEHM , GRADE W E ¥ E M R K (% 6,GRADE ZHE |
HEHB-F 6)o

B 0015 8- Indirect revascularization relies on neovascularization
of the cortical surface via angiogenic mechanisms from pedicle-based
grafts A TMEBENHEARMALNETFHERE KM, Several
variations of indirect revascularization have been developed: EMS,
encephalo-arterio-synangiosis (EAS), encephalo-myo-arterio-
synangiosis (EMAS), enceph- alo-duro-synangiosis (EDS),
EDAS, EDAMS, EDAGS, as well as various combinations of these.
FEERNHERS K WRENE  B-—MERETEMAREAR
MARRRAN, —RKY , AEERREZ XM , BR iR
BIEEEYSA . Moreover, cerebral revascularization, along with the
haemodynamic protection of the brain, may take months to develop.

All studies agree that the perioperative complication rates do not
differ between direct/combined versus indirect revascularization
techniques: Kim et al. ““ HINBREEETHNERFEEZHR, 7
P/EEHRLASRMEREG, LM, KRKAENBRLTEREE
KB K. BF A, ' comparing direct versus indirect
revascularization among adults, also did not detect any significant
increase in perioperative complications by direct revascularization
techniques.Furthermore, another meta-analysis that focused on
perioperative complications in adults demonstrated that despite a
higher incidence of haemorrhagic complications in the direct bypass
group, direct and combined revascularization techniques were superior
in providing long-term favourable outcome.'’ Here, the beneficial
effects of combined revascularization techniques (via the direct bypass
component) outweighed the higher complication rate.

EEEE

In adult MMA patients with ischaemic presentation, there is continuing
uncertainty over the superiority of direct/ combined over indirect
cerebral revascularization strategies. IEE R 2K AT 5 E

HEBE.-

TRILIAFH
In adult MMA patients, we suggest direct/combined revascularization
instead of indirect strategies for reducing risk of stroke.$% 9/9 &,
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JLBHEEA

X B B UF #EH) 5 #7o Our systematic review identified no
RCT and only two observational studies on children with MMA,
comparing  combined  revascularization and  indirect
revascularization strategies for the outcomes selected in these
guidelines. AJII&., * 2T 64 BFFIRN 7.6:3.6 FHIL
MEE, Bt , RA-—BIBEFRESFTUT. n48
patients, the authors succeeded to realise an STA-MCA
anastomosis in combination with an EDAGS.In 16, they failed to
do so and ended up with an indirect revascularization strategy
only, using EDAGS again.The incidence of stroke during the
observation period of 6.6 + 3.8 years was remarkably low for
both groups, that is 0% in both groups, which is markedly lower
than observed for adults. 2 {8l #, , Sadashiva & A, '* reported
their series of 108 paediatric MMA patients undergoing
combined (58 patients) or indirect (50 patients) revascularization
strategies BB EEMNZ , MW EERAIIFRER K , FHF
#8779 13.8 # . During the mean follow-up period of 15.9 months
(3-62 months), again only a limited number of patients
experienced stroke after revascularization.Following combined
revascularization, the stroke incidence was 5% and following
indirect revascularization, only 2%.Taken together, these results
suggest that the superiority of combined revascularization
strategies over indirect techniques is not obvious in the paediatric
population.

K15 £ . A high level of plasticity and angiogenic potential
of the brain tissue and vasculature are required for the success of
indirect  revascularization  techniques.The cerebrovascular
plasticity in patients with MMD seems to be age dependent, with
indirect revascularization procedures showing a higher success
rate in children compared with adults.”®'* On the other hand,
direct revascularization strategies carry relevant advantages over
indirect techniques.'® Thus, they provide an immediate increase of
cerebral blood flow and improvement of CVR capacity while
indirect techniques depend on an ingrowth of collateral blood
vessel into the brain pial surface and provide a delayed increase of
cerebral blood flow and improvement of CVR capacity only.Even
in children, this delay may last up to 3—6 months leaving
especially haemodynamically unstable children unprotected for
several weeks or months and exposing them to an increased short-
term risk for stroke.In addition, the surgical approach for a direct
revascularization strategy is less invasive since indirect techniques
depend on a large exposure of the brain surface for covering the

cortex with the pedicle graft.

fEEHEE

In paediatric MMA patients, there is continuing uncertainty on the
superiority of combined cerebral revascularization over indirect
revascularization

HERERTEE
HEBRE -

ERHAAFH

In paediatric MMA patients, we suggest combined revascularization
instead of indirect strategies whenever technically possible, to
decrease short term risk of stroke. 3% 9/9 &,

PICO 7: In patients with MMA, does discontinuation
compared with continuation of antiplatelet therapy during
the revascularization procedure increase the risk of an
unfavourable clinical outcome?

XIH B UFHER) 7470 The literature search did not identify any RCT or
prospective comparative studies specifically analysing the effects of
continuation versus no continuation of antiplatelet therapy during the
revascularization procedure.

B 4115 £ o It has been reported that MMA patients are more prone to
develop acute thrombogenesis at the anastomotic site just after
extracranial-to-intracranial bypass surgery, as compared to similar
neurosurgical procedures in non-MMA patients.” Symptomatic or
asymptomatic cerebral infarction may occur in up to 14% of MMA patients
treated with indirect revascularization surgery, half of them within the first
day after surgery.” REAXLERI , i/ MREEFARENERUR
R RERBIBEFEANEFEH,

In a large retrospective analysis of the factors associated with
perioperative complications, Schubert et al. reported that preoperative
single antiplatelet therapy was not associated with increased
haemorrhagic complications, 7R /7 8 X /MR ST 5 H B 84T /5
REMR(EXNTEAHNGLIER ). =AM, EEHR
BRI MFANERRM NN EENLE R, Kanamori FAXY
BRI R EZME AR 74 6l FRETTHE A 52 612F
BEZ I R EMIATT. ' They found a significantly lower rate of
white thrombus at the anastomosis site and a higher initial bypass
patency in patients treated with aspirin, without differences in the rate
of ischaemic or haemorrhagic complications. AT , EZEN1HEBX
Rt
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2 BIIRE 20 HISREE AR AP R IUAR | 26 ] 3 R BT4F LLBR A B B Ak

6 BIFRLXFILRAM A EMALER,

Two retrospective studies have specifically addressed the effects and
safety of aspirin administered postoperatively but results regarding the
effect of aspirin on bypass patency were conflicting.Zhao et al. reported
no significant differences in bypass patency (95.5% vs 96.1%) after an
unadjusted analysis in patients postoperatively treated with aspirin (59
hemispheres) versus no aspirin (138 hemispheres).”* Lu et al. reported
in a retrospective study on 217 patients with ischae- mic-onset MMA
undergoing STA-MCA bypass that the continuation of aspirin within the
first month after surgery was associated with a higher bypass patency
rate (98.7% vs 89.7%;Hr 1.57;95% W {5 X & 1.106 ~ 2.235;P =
0.012) » "* None of these two studies found significant differences in
the incidence of ischaemic or haemorrhagic events between aspirin
users and non-users.However, other factors potentially influencing
thrombus formation and bypass patency such as duration of
neurosurgical procedure were not analysed systematically.

In patients who discontinue antiplatelet therapy 7 days before the
revascularization surgery, there is uncertainty about the timing for
restarting it, with both early (day 1-3) or late (day 4-7) timing
possibilities described."**In a retrospective study, Kraemer et al. analysed
the safety of early (day 1-3) or late (day 4-7) restarts of antiplatelet
therapy showing no difference in the incidence of subdural
haematoma."* Bypass patency was 100% at day 4 as well as after 3
months despite paused antiplatelet therapy in the majority of the
cohort."* However, small silent ischaemic lesions were found on MRI at
6 days post-surgical follow-up in 10.9% of patients, 86% of whom were
older than 40 years old.

For Japanese experts, discontinuation of antiplatelets after bypass
surgery ‘for a certain period” of time is a common behaviour'® reflecting
different opinions between East Asian and non-Asian experts as it was
emphasised by a worldwide survey of experts on the use of antiplatelet
therapy in MMA.'"”

nd; £

In patients with MMA treated with revascularization surgery, there is
continuing uncertainty over the benefits and risks of perioperative
antiplatelet therapy.

)

RE:-

EERE:-

ER{REH

For patients with MMA, we suggest that, during bypass surgery
continuation of antiplatelet treatment as monotherapy (aspirin) is
safe.However, in case of discontinuation, we suggest restarting
antiplatelet therapy 1-7 days after surgery, depending on the post-
surgery CT scan.3% 9/9 &

In case of dual antiplatelet therapy (aspirint+clopidogrel or other
antiplatelets), we suggest stopping clopidogrel, or the other second
antiplatelet therapy, for 7days before surgery. % 9/9 &,

PICOS: In patients with MMA, does respecting a 6- or 12-
week minimum time interval from an acute
cerebrovascular event to revascularization surgery
compared to earlier and/or immediate surgery reduce the
risk of an unfavourable clinical outcome?

X B UF#ER) 5 #7o The literature search did not find any RCT or
prospective comparative study specifically analysing the effects of
respecting a 6- or 12-week minimum time interval (from an acute
cerebrovascular event to revascularization surgery) in comparison to
early surgery.

KmESE. MMA BEERFE-ARNEEHEFRMZEEN
NINAESEN. ERFHFATENRMYE MMA HEBAHL
BERFEHFANBEREHRENRERTRES , X5H
TRZEEX(HFAEMHTMA L MmN EEEIESME , 7'Q)
52 Rm4ZERRXHHmMEARE , O)REEHMESEHM
RANFARERR - PROMUEBHHRE , ' HREEHRIE
KBRS , LEREZEPRFLEEZHLYERANEBER T, @
B W TFHATRBANNR BB HWENL , ARERE—
RN E SN FREE 2 HAFROER |, ERZ 1R,
BINNARSGGRRNEIATWE D BER 90 XM 6 FrdE F FE
MR, ' EHER-TEBMEROIN R |, Xt 57 fliEZiRE
8% 3 fk- KB o 30 Bk (STA- MCA) 2 AR BX & EDAMS J& 77 #9
MMA BEHTT HE, “HBEEDNRH(<90 X , n=28)H
H(=90 X ,n=29)F4A, SHEAML K FHANDBRRME
M E E N E 3% vs 17%:p = 0.035), while haemorrhagic
presentation was more frequent in the late group (62% vs 36%;,P =
0.047) REFHBRD , BEENE LR , iINBEXRER
HHmzE2RXe , EANRBEANREHREREZHES TR
B (39.3% vs 13.8% , p=0.029), A , SEHAML , BH
AREHAFTZRPRRIGRBAHARELRBEEZEAS (31% vs
11% , p=0.06), XTFRLHERZBRIELEHMMERERM
)M FRFHITIHE, In the latter study, Kim et al. performed a
retrospective analysis of 170 indirect revascularization procedures in
90 children with ischaemic MMD and investigated several potential
risk factors for ischaemic complications during the 2 weeks following

surgery.'** FE;R
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AR -RBROSHANFRZELH 6 ANERISAFHRIM
HHREMR. A, INXRESTEITFFABHI,

fEiEEE

EMMA BEF , BTHRZFRALBRH R F AR
3R, RERIER FARMEL RN DRIFE T EM,
TRERE:-

HERE -

ETRIARFH

ST MMA 2E | RINBWUMMA BEEREE2ERNES
B ARBHRITER , LBREREHLAENLER, &
9/9 &,

WFMMA 8F , RNBUESSFAMNERMARE
WMk, B, RESEURKLDE. RIVE, ¥F
MMA £& | ZINEVWEILEESFAS , N FPE#H -
PR, 99 E,

EMMA 2&% , RNBWILNESE K LHERELE
tia, BXHREXERMEFXNELH, TLRKEENE
%, TUBREHFRAET. RIVE,

PICO 9: In patients with MMA, both after surgery
and with conservative management, does long-term
follow-up neuroimaging assessment compared to
no follow up assessment modify the clinical
practice in term of medical or surgical treatment?

X1 H B UF#EBY % #To The literature search identified no RCT
or prospective comparative studies specifically examining
whether long-term follow-up with neuroimaging assessment
modifies medical or surgical treatment.

HimES, BNNRSRBEE T INAR |, XERRR
BT EEROEFN MMA £2F | T TERNRAELEE
7B LRI EERF IR LT, ' Patients undergoing
cerebral revascularization are usually followed for evaluation
of surgical efficacy, yet few long-term studies were also
available for review.93,169

Regarding patients with unilateral disease, while
information on the incidence of progression of unilateral
MMD varies in literature to date, Park et al. in 2011 showed a
59% rate of bilateral progression (on MRI-MRA or
angiography) in an East Asian paediatric MMD cohort (n =
40/259)

where a younger age (age <8 years, FU:14.18 months and age
>8, FU: 22.38 months) at first diagnosis demonstrated a faster
rate of progression.'” In Smith and Scott, mainly Caucasian
cohort, 30% of unilateral paediatric MMA patients also
showed angiographic progression over an average time of 2.2
years.™ In a cohort of mainly adult Caucasians,'®
angiographic progression from unilateral to bilateral disease
was seen in 38.9% of patients at a mean follow-up of 12.7
months, 71% of these patients had adult onset MMA with 57%
of patients thereafter undergoing surgical intervention.In
another study of adult and mainly East Asian operated and
non-operated MMD patients, the incidence of disease
progression was 20% over a mean follow-up time of 73.6
months.” X #H B AT ELMMRNESHEHEER , L&
BIEEHRFEE, EXLERBED , S0% A LHNRFERS
IGREMHEX , RO HmERER, B2, XEHE
MRNEERRER , XNROERBENSFERETENE
HRNEFHRAMATEXRER, BAREILBARFE
NERNEY , BERAZEPHAMNEER, Female sex
and presence of angiographic changes on the contralateral side
seem to be predictive indicators of progression. JLF & 2 # 1T
MRI-MRA BE , AFEENEEZRIEXHERR.

A multicentre, nation-wide Japanese prospective survey
followed-up asymptomatic MMA patients (age range 13— 59
years) over an average time of 44 months and found
cerebrovascular episodes including TIAs in 21% of patients
and an annual risk of ischaemic or haemorrhagic stroke of
3.2%.The angiographical stage of disecase was also more
advanced with age.Onset of ischaemic symptoms and
deterioration of CVR also related to angiographic disease
progression.”  Similar findings were observed in a
prospectively analysed cohort of East Asian MMA patients
where the incidence of angiographic disease progression was
12% for 5 years in medically treated adult MMD patients with
initial ischaemic symptoms but without cortical ischaemic
lesion on MRI nor cerebral misery perfusion.'® Patients with
further ischaemic events always exhibited angiographic
disease progression.Cerebral perfusion was reduced in
patients with angiographic disease progression even when
further ischaemic events did not occur.Since, in these studies,
onset of symptoms with deterioration in cerebral
haemodynamic has been shown to be related to angiographic
progression over time, even in initially asymptomatic patients
and patients with ischaemic symptoms but without
hypoperfusion, follow-up assessment in these subsets of
patients also seems to be warranted.

Regarding the course of the disease after revascularization
surgery, 93 patients (paediatric and adults) were followed up
in a prospective study to 10.5 + 4.4 years after combined
revascularization surgery for the MCA
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L * While late morbidity, that is haemorrhage was seen only in one
adult patient 9.5 years after surgery (0.10% per patient-year),
progression of angiopathy in the contralateral carotid or the PCA
occurred on MRA in 1.5% per patient-year within an interval of 0.5-
15 years from first surgery. The authors concluded that longer follow-
ups, that is 10 years post-surgery are essential to detect disease
progression and prevent late cerebrovascular events.”

The question of ‘progression’ of MMA is an important one,
whether this is observed on MRA or conventional angiography or
on haemodynamic testing, whether in symptomatic and medically
treated or asymptomatic patients, whether in initial unilateral
presentation or even surgically treated patients MWG B E 5% &
BT EERIIETE R, Most of the papers reviewed were
not comparative studies (i.e. those specifically referring to follow-
up assessment vs no assessment groups), but they do present
important observations and highlight the value of serial testing
leading to clinically relevant therapeutic decision making.In
addition to MRA, non-invasive transcranial duplex ultrasound can
be used to follow up bypass patency and progression of
vasculopathy in experienced hands.75,172,173

fEiEEE

In patients with MMA, there is continuing uncertainty over the
advantages and disadvantages of providing systematic long-term
neuroimaging follow up assessment. if #& /5 & :-

EERE:-

ETRH{IRFH

In patients with MMA, we suggest that neuroimaging follow-up should
not only be limited to post-operative evaluations of surgical efficacy but
should include long-term follow-up to evaluate progression of
angiopathy.3% 9/9 R, NTFRIMIE AR MMA HWEE | R#HTHE
A& , WREHRIRR, RIIR,

ERFAITHN MMA 2FHFETERNBERNEE | TRAXTMRS
HERE/)F , NHTHEREITE, K99 R

In patients with MMA, the neuroimaging follow-up should include at least
MRI-MRA and haemodynamic evaluation (MR perfusion, PET, SPECT).
ERZRMATEX , AN TEFTEREAN, BRI E,

X FMMA B%  HREEMERE  FEMEETRESRIFE
RAERARTREWER , RLLHT DSA. R IIFK,
FETENNETESEAE  MENZEAmS. &9 R,

Wie

BREK MMA NRFBRETHIEM , * BXRFEERLNBE
R MAXERE , HRERNER, AT MMABBER
RRIANRFTES , URFEBEBZFNRANERNERYE , 55
ARRUMBEZABRZANSIY , BB AL, HEEER
B REZE TIRE, 00 SBHIE B HIA N RS TR
R 0 A% FR XA ) A R KUY ME —SR 0T 0. SR, R BT
BETMBRREZXTRENEZERXENFANNUAREEEE
REN=

AR EBME —NMERA GRADE A EE MMA MR A
Mo *'" The aims of our WG was to conduct a methodologically
rigorous and extensive analysis of the available evidence and data
and to provide evidence based recommendations, or when not
possible, Expert Consensus Statements which may be helpful for
clinical decision in diagnostic work up, management and care of
MMA world-wide.Recommendations and Expert Consensus
Statement are based on the work of a group with broad expertise on
MMA and on PICO questions, spanning disciplines (neurology with
clinical and research areas, neurosurgery, genetic and
methodologists) and several European countries (Italy, France,
Germany, Spain, Switzerland).This last point was specifically
important for this guideline since most of guidelines are provided
by Japanese groups.”'

The literature search performed to answer our PICO questions,
found a marked paucity of high-quality papers and most of our data
were derived from observational studies since no specific RCTs
were available, except the JAM trial, comparing bilateral direct
revascularization to the best medical treatment in adult MMD with
haemorrhagic presentation.'® Therefore, in adult MMA patients
with haemorrhagic presentation we recommended (PICOS),
with ‘low quality’ of evidence, direct-bypass surgery, after
assessing the haemodynamic and choroidal collateral status.The
recommendation was ‘weak for intervention’ since it was supported
by only one small sized RCT.5 ML R EF R EHRE (B 2 M &
3)0093123125 Jed experts to suggest with very low grade of evidence,
revascularization surgery in adults and children with ischaemic
MMA, when supported by the presence of clinical symptoms or
imaging markers of haemodynamic failure, if performed in referral
centres with neurosurgical expertise.The quality of evidence was
very low since most studies were retrospective, conducted at a
single centre level, suffering from bias in control population
selection and variable indication to surgery.
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RTFAXE  FRENMEZERRBEENA T HATHIKEK
(B, EBNBRAMEER), EREENRERREANK
R, BIRERAT , RFNMEEZFRNREDGARARRA
Mo X FXAEBPICO6) , RE RCT , HIFERA 7 MEM
WxR, BANEENRE @ L84 NAR 64N A)o The
results of these studies supported the Expert Consensus statement
that direct/combined is preferable to indirect cerebral
revascularization strategies in adult MMA patients and in children,
to reduce the risk of stroke. Rl , XL ERAEZEPANHARTF
E R #®# ® B B # H R ( B
EMS. EAS. EMAS, EDS. EDAS. EDAMS. EDAGS)H $18
REFRRIERMX D REFITE, XTEREINEEN , B
NEERRERS  KAIREXILE , BAiINMmE B4
MMEERES. Bt , #—SEAAENHE |, 832 rct 7
REABTIMMAXER RPN —M(EERIRE)RE T UREE
AR AL ETEREE,

BINEREZTEY , SENMESEHLE 6-12 B(PICOS)/E
BRTFATEREGEN , RENARUE B L BRNEMEHR
MEIE , HAEMEXI R/, Patients operated on in the early period
after acute events might suffer from a higher rate of post-operative
complications such as cerebral hyperperfusion syndrome with or
without haemorrhage, early haemorrhagic transformation of an acute
ischaemic stroke or peri- or postoperative ischaemic events.'> ¢!

RASIFAENER , 05 EFBIZL "1 were also not
conclusive on the benefits and risk of long-term antiplatelet therapy
in non-haemorrhagic MMA (PICO7). Bt , N FiXLEE |, Al
RegtlE—ERARER , BNEXLEEEPFRPZ2ER
R, REUMNEEE MMA R REMAEARINMR, 7
MR, B AEBNBERRE S LT MMA 824, BT
REZEHIE , BNETREMEMBUIERALRFH , £#FLE
I /N AR A 7 HA 18 58 BT BT AR SR B 2 . Moreover, since the
analyses were based on data from Japanese studies, environmental
or specific susceptibility factors (i.e. resistance to antiplatelet)
could limit the translation of these findings in Western
countries.Due to the lack of specific comparative studies and to the
heterogeneity of the study populations (i.e. operated and not
operated patients; @A FIFEN TR 5%, %) , BRITTERMHE
W, AR — X TIRE DFHEM PCA WEERAZE
PR S EAMLER T RLIRSEH

(PICO1 and 2). However, we have to take into account that it could be
difficult to implement RCTs on this topic, due to ethical problems and
common clinical practice.

We had also no evidence to support the clinical utility of
performing the genetic screening of p.R.4810K include’ variant of
RNF213 gene’ (PICO3), despite the fact that it could be useful to
look for other variants in the RNF213 gene in children with a very
early onset and severe disease.”” **!? Since it has been observed that
MMA steno- occlusive lesions progress over the years conditioning
ischaemic and haemorrhagic clinical events and that unilateral MMA

, may evolve to bilateral conditions, the MWG agreed in suggesting
the neuroimaging assessment of disease progression (MRI, MRA,
cerebral perfusion imaging and DSA), based on the potential need for
a therapeutic decision (PICO9).However, also in this case most of the

, papers reviewed were not comparative studies (i.e. those specifically
referring to follow-up assessment vs no assessment groups), and the
analysis was limited by the different imaging approaches used as well
as by the dyshomogeneous time periods studied.”'™'” Therefore,
given the relevance for therapeutic decision, the implementation of
specific studies addressing this question should be encouraged.

BENITENRRETESRZEINRARc)BX , H5
REBHITENFROR RSN AEERER , XEREE
BREXBOERAR, MAREW, B, KSBEHARH D
HAEMH —HRET BNRIANBEN, NTEL PICOs , AN
AR, ERUKETNESIXRANGEZAFEEERRAM.
Another important limitation may be the fact that we did not
specifically separate East Asian patients from American and
European series for the analysis. BARIRE , RILMEMH MMA
BETRATEANER  FETEANEE, A, RIVRER
BRHE  TERERMG MMA B2E | LI MMA ATEURKIA
AR—NTFENEEERMOERE. I, HNFEEIRE
BARNBRA DM, FRNFRIFM DR RETERERAN
BB T AMETHTE,

B2, MMA W T4, IGKRMFARBT MEFMHARE,
REME-LERBENERMRZIERE , BIONBEERNOHIHE
BERMX-SEAERANFAEE , TUBBIESIKKE
ERBFERARN MMA R M EE R, i, BIWE
MMA RIS A AN MR E AMABROEA |, XLIEE
WA TREH — SRR , M rct WK THNEMS
W=
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FERE S B

HAZE % (Moyamoya disease, MMD) 2 — F 2= I §9 4 I 3% % i 2 R 9
MEFF. BENENES  AEBHOIRESKE , SBMN
MHIRNEST R,

BMRBEXBAAEAR  BERILENEL. BEREREE
EYHLE  BHRAREERA. 5MMD HXHEIBEEAT
Fo. BIENRAP  ERBEBERIAFIFK., Strokes occur
when an area of the brain is suddenly cut off from blood flow (called
an ischaemic stroke) or when a blood vessel bursts and blood spills
into the brain (called haemorrhagic stroke). BB R EHH L EiE 7]
RELII™ER KA, XEMFEIRKE,

When the first symptoms appear, a brain magnetic resonance
imaging (MRI) scan is often performed.This painless examination
gives precise images of the brain and can show signs of brain
damage (haemorrhage or infarction).However, the examination that
confirms the diagnosis of moyamoya is cerebral angiography.This is
a radiological examination, which assesses blood vessels with X-
rays, after injection an X-ray dye.This allows a better visualisation
of the blood vessels than MRI.

BE R E 1 FER. Our limited understanding of the
disease is one of the reasons we have no tablets that can prevent or
reverse moyamoya blood vessel changes. SN F R F K IR $HE
% B % B . However, brain surgery comes with a risk of
complications l{ F R REREE , ES5HKA. XBENMETH
RA 3t [E f# R E o Decisions on the suitability for surgery usually
depend on the patient’s age, condition of the blood vessels and
symptoms.

ERNOERS , WETHENIERER , RNBWNA LD
B A XK moy- amoya BEHITFARTM. BIIEBWNESEER
WA B RO ATEMFR PRE R HEIER F AR OB R H KE.
We support that specialised brain scans are used to assess whether
the moyamoya blood vessel changes are worsening over
time.Finally, we suggest that blood thinning medications
(antiplatelets) be used for some people on a long-term basis and
during the perioperative period.

Bt

RN ERG L XE - B R % (Guillaume Turc) #1435 8 - Z A (Terry Quinn)
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