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PAC PIEM BENH CHARCOT-MARIE-TOOTH PHAN NHOM
HUY SO'I TRUC VA KHONG PHAN LOAI PUQC
TAI VIET NAM - MOT NGHIEN CU’'U QUAN SAT PA TRUNG TAM

Hoang Tién Trong Nghia', Nguyén Lé Trung Hiéu?,

TOM TAT

Muc tiéu: Bénh Charcot-Marie-Tooth (CMT) bao
gom cac thé t6n thuong sgi truc va khong phén loai
dugc. Day la nerng thé gay khé khin ‘trong chan
dodn vé mét di truyen Do dir liéu tai Vlet Nam con
han che chiing t6i nhdm muc tiéu md ta cac déc diém
1am sang, dién sinh Iy va di truyen clia cac thé benh
CMT nay trén bénh nhan Viét Nam. D6i tugng va
phuadng phap nghién ciru: Nghién CL'ru mo ta loat
ca tién clru dugc thuc hién tai bénh vién Quén y 175,
bai hoc Y Dudc, va Nhi bong 2, tir 03/2022- 12/2024
Cac bénh nhan vGi chan doan bénh CMT trén lam
sang du‘dc phan loai béng d|en sinh 1y. )get ngh|em di
truyen gom MLPA va khao sat bd gen bang giai trinh
tu thé hé mdl CAc trudng hdp huy soi truc dugc phan
nhém dLra vao tinh trang mang bién thé trén MFN2.
Ket qua Trong 43 bénh nhan dau hé, 39,5% (17/43)
méc bénh CMT thé sdi truc va 14% (6/43) thudc thé
khong phan loai dugc; ti 16 chan doan di truyen chung
13 79,1%. Nhém benh CMT thé sgi truc c6 dac dlem
nam gldl chiém uu the (70 6%) tudi khai phat dién
hinh tir 6-15 tudi, va ti 1& chan doan di truyen la
64,7%. Cac bién the trén MFN2 (chiém 4/17 truGng
hdp sgi truc) tuong quan véi tudi khai phat sém han,
cé tién cdn gia dinh trudc day (50%), va mic do benh
nang hon. Nhéom bénh CMT the khéng phan loai biéu
hién khai phat sém (<5 tudi chiém 50%), kiéu hinh
nang (trung vi thang diém MRC 1a 54), khong cé tién
can gia dinh, va ti 1€ phat hién bat thudng di truyén la
83,3% (bao gom PMP22, MFN2, GJB1, MPZ). Két
Iuan Nghién ciu cho thay cac dac diem riéng biét
clia bénh CMT thé sgi truc va khong phan loai. Cac
bién thé trén MFN2 cla bénh CMT thé sgi truc cé biéu
hién ndng, khdi phat sém va thudng cé tinh gia dinh.
Nhom bénh CMT thé khong phan loai cling co biéu
hién néng, khai phat sém va khong dong nhat vé mét
di truyén. 7w khoa: Charcot-Marie-Tooth, bénh da
day than kinh, di truyén, giai trinh tu gen thé hé mai.
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Nguyén Minh Dirc2, Mai Phwrong Thio?

includes axonal and unclassified subtypes that that
pose considerable genetic diagnostic challenges. With
scarce data in Vietnam, we aimed to delineate their
clinical, electrophysiological, and genetic features in a
Vietnamese cohort. Subject and methods: This
case-series was conducted at three tertiary centers —
namely, Military Hospital 175, University of Medicine
and Pharmacy, and Children Hospital 2 — between
March 2023 and December 2024. Patients with
clinically diagnosed C™MT underwent
electrophysiological classification. Genetic testing
involved MLPA and multi-gene next-generation
sequencing panels. Axonal cases were sub-grouped by
MFN2 variant status. Results: Of 43 probands, 39.5%
(17/43) had axonal and 14.0% (6/43) unclassified
CMT; overall genetic diagnostic yield was 79.1%.
Axonal CMT showed male predominance (70.6%),
typical onset at 6-15 years, and a 64.7% genetic
diagnostic rate. MFN2 variants (4/17 axonal cases)
correlated with earlier onset, positive family history
(50%), and greater disease severity. Unclassified CMT
(n=6) presented with early onset (<5 years in 50%),
a severe phenotype (median MRC 54), no family
history, and an 83.3% genetic yield from diverse
genes (including PMP22, MFN2, GIB1, MPZ).
Conclusion: This study reveals distinct profiles for
axonal and unclassified CMT. MFN2 variants define a
severe, early-onset, often familial subgroup of axonal
CMT. Unclassified CMT is also severe, early-onset, and
genetically heterogeneous.
Keywords: Charcot-Marie-Tooth,

pathy, genetic, next-generation sequencing.

I. PAT VAN PE

Bénh Charcot-Marie-Tooth (CMT) la nhom
bénh ly than kinh ngoai bién di truyén phd bién
nhat, anh hudng dén khoang 1/2500 ngudi trén
toan cau [1] Bénh ddc trung bdi sy thoai hoa
tién trién clia day than kinh ngoai bién, dan dén
yéu va teo cd ngon chi, giam hodc mat phan xa
gan xudng, va cac bién dang chi. Viéc phan loai
CMT cha yéu dua trén toc do dan truyén than
kinh (NCV), chia thanh thé hly myelin (NCV<38
m/s), thé tén thueng sai truc (NCV>38 m/s) [2].

Trén thé gidi, tong quan di truyén cla CMT
vO cung phiric tap v&i han 130 gen da dudc xac
dinh. Trong d6, thé hu§/ sgi truc chiém moét ty 1€
dang k€ nhung lai gép nhiéu thach thirc trong
chan doan di truyen vGi khoang 65-75% trudng
hgp van chua xac dinh dugc nguyen nhan gen
cu thé, ngay ca khi ap dung cac ky thuat tién
ti€n [3]. Tai Viét Nam va khu vuc Pong Nam A

polyneuro-
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dir liéu v& nhdém bénh nhan CMT thé tén thudng
sgi truc va nhém khong phan loai dugc van con
thi€u sét. Nhitng nhém nay thudng cé biéu hién
ldm sang da dang, khdng dién hinh va ty 1& chan
doan di truyén thap, dat ra thach thirc I6n trong
thuc hanh lIam sang va tu van di truyén [3].

Chinh vi vay, chiing t6i thuc hién nghién ctru
nay nham tim hi€u sdu hon vé dic diém 1am
sang, dién sinh ly va di truyén cia nhom CMT
thé ton thuong sdi truc va khdng phan loai dugc
tai Viét Nam, dé tir d6 gilp cai thién cong tac
chan doén, quan ly bénh nhan, va phat hién cac
yéu t& di truyén ddc thu cho quén thé, gép phan
vao su hiéu biét chung vé bénh ly nay.

Il. DOl TUONG VA PHUONG PHAP NGHIEN CU'U

2.1. Poi tudgng nghién ciru. Nghién clu
mo ta loat ca tir 03/2022-12/2024, tai Bénh vién
Nhi déng 2, Bénh vién Pai hoc Y Dudc, va Bénh
vién Quan y 175.

Nghién c(tu nhan nhitng ngudi c6 chan doan
bénh CMT:

1. Yéu liét va rdi loan cam giac dGi xdng,
man tinh, phu thudc chiéu dai, va c6 thé cé bién
dang khdp va/hoac tién cdn gia dinh.

2. Loai trir cac bénh li than kinh ngoai bién
man tinh khac (CIDP, HSN/HMN, bénh Ii da hé
gom that diéu Friedreich, Refsum, bénh than
kinh do ti thé).

3. bién dan truyén (Nerve conduction study
(NCS)) va dién cd kim (Electromyography
(EMG)): bat thudng dan truyén van déng va cam
giac va EMG biéu hién ki€u bénh than kinh ngoai
bién man tinh.

4. D3 dugc lam ki thuat khuéch dai dau do
da moi dya vao phan (rng n6i (Multiplex ligation-
dependent probe amplification (MLPA)) va bd
gen CMT bang NGS. K&t qua NGS phat hién bién
th€ IGMBP2 dugc nhan dinh cé kha ndng gay
bénh: phéan loai gdy bénh/c6 kha nang gay bénh
(pathogenic (P)/likely pathogenic (LP)) theo Hiép
hoi Di truyén Y hoc va Gen hoc Hoa Ky (The
American College of Medical Genetics and
Genomics (ACMG)) 2015, dong thdi MLPA am
tinh vSi bién thé s6 lugng ban sao cla
PMP22/GJB1/MPZ/MFN2.

5. NguGi bénh hodc nguGi giam ho hgp phap
dong y tham gia nghién ctru.

Nhitng bénh nhan khéng dong y ti€ép tuc
tham gia sé bi loai trir khoi nghién curu.

2.2. Phuong phap nghién ciru. Chlng toi
thu thap dit liéu lam sang, dién cd do, va khao
sat di truyén. Do NCS day van dong: than kinh
tru, gilta, chay, mac; day cam giac: gifa, tru,
bdp chan, mac néng. Téc d6 dan truyén van

doéng (Motor nerve conduction veloctiy (MNCV))
= 38 m/s cua than kinh giifa va/hoac tru dung
dé phan biét bénh CMT hdy myelin va sdi truc.
Néu bién do CMAP < 0,5mV, ngudi bénh dugc
x€p vao nhom khong phan loai.

Toan bd ngudi bénh déu dugc xét nghiém
MLPA tim PMP22dup va thuc hién 80 gen (NGS):

B6 80 gen: AARS, AIFM1, AMACR,
ARHGEF10, ATL1, ATP7A, BAG3, BSCL2, CCTS5,
COX10, CTDP1, DCTN1, DHTKD1, DNM2,
DNMT1, DST, DYNCIH1, EGR2, FAM134B,
FBLNS, FGD4, FIG4, FXN, GAN, GARS, GDAPI,
GJB1, GNE, HADHB, HARS, HINT1, HK1, HSPB1,
HSPB8, IGHMBP2, IKBKAP, INF2, KARS, KIF1A,
KIF1B, KIFSA, LDB3, LITAF, LMNA, LRSAMI,
MED25, MFN2, MPZ, MTMR2, MYOT, NDRGI,
NEFL, NGF, NTRK1, PLEKHG5, PMP22, POLG,
PRPS1, PRX, RAB7A, REEP1, SACS, SBF2,
SCN9A, SETX, SH3TC2, SLC12A6, SMAD3,
SPG11, SPTLC1, SPTLC2, SURF1, TFG, TRPV4,
TTR, TYMP, VCP, WNK1, YARS, ZFYVE26.

NEu cac xét nghiém trén déu am tinh thi khdo
sat thém 14 gen: AGTPBP1, CYP27A1, DCTNI,
DNAJB2, GSN, MME, MPV17, NEFH, PNKP, POLG2,
SCN11A, SLC52A2, SLC52A3, UBAL.

Trong nhom ngudi bénh thudc phan loai huy
sgi truc trén NCS, ching t6i ti€p tuc phan thanh
hai phan nhédm dudi nhdom dua trén két qua sinh
hoc phén ti: c6 mang bién thé trén MFN2 va
khdng mang bién thé trén MFN2. T dd, ching
t6i ti€n hanh so sanh hai phan nhém dudi nhém
nay vdi nhau.

Uy ban Pao dic bai hoc Y Dugc Thanh phd
H6 Chi Minh (IRB-VN01002/IRB00010293/
FWA00023448) chdap thuan nghién clu
(10/03/2021). Moi ngudi bénh >16 tudi, va
ngudi giam hd hop phap cla tré <16 tudi déu da
ky déng thuan.

INl. KET QUA NGHIEN CU'U

TU thang 03/2022 - 12/2024, tai 3 cd sG,
ching t6i da tuyén chon 43 ngudi bénh dau hé.
Viéc tuyén chon trong ba trung tdm khéng lam
giam tinh dai dién cho quéan thé ngudi mac bénh
CMT tai Viét Nam do chidng t6i ti€n hanh kéu goi
tuyén chon bénh trén ca nudc, vdi nhitng bénh
nhan dugc gui tir cac trung tdm khac dén ba co
sG nay. Ti |é clia ba nhdom huy myeline, huy sgi
truc, va khong phan loai dugc lan Iugt la 46,5%
(20/43), 39,5% (17/43), va 14,0% (6/43), Vi
cac gen chira bat thudng bién thé dugc trinh bay
trong Bang 1.

Trong 17 ngudi m3c bénh CMT thé huy sdi
truc, ti 18 nam chiém uu thé (70,6%). Tudi khdi
phat chu yéu 1a 6-15 tudi (8/17, 47,1%), tiép
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dé"lj la 16—40 tudi (6/17, 35,3%), con nhém 0-5
tudi chi chiém 17,6% (3/17), va khéng co truGng
hgp nao khdi phat sau 40 tudi. Tai thGi diém

danh gia, tudi trung vi clia nhém la 16 (KTPV
12-27 tudi). Cé 23,5% (4/17) ngudi bénh ghi
nhan tién st gia dinh.

Bang 1. Ti Ié bat thuong di truyén cua cdc nguoi bénh dau hé

Bénh CMT thé&

Ti & bat thudng trén
b gen (%) |25 (33°%)| (1), NEFL (1),
PRX (1)

Téng h h Bénh CMT thé huy sgi | Bénh CMT khéng
(n=43) htaqr:%/:)lln truc (n=17) phan loai (n=6)
7 (35%) 11 (64,7%)

GIB1 (4), MFN2

5 (83,3%)
PMP22 (2), MFN2 (1),
GJB1 (1), MPZ (1)

MFN2 (4), GJB1 (2), INF2
(1), MPZ (1), DHTKD1 (1),
IGHMBP2 (1), LRSAM1 (1)

Ti |é bat thudng trén
MLPA 11 (25,6%) (50%)

PMP22dup (10)

0 (0%) 1 (16,7%)

Tong bat thutng trén

MLPA va b gen (%) |57 (79,1%)

17 (85%)

11 (64,7%) 6 (100%)

Bang 2. Pdc diém Idm sang va dién co
dé cua nhom bénh CMT thé huy soi truc
gilfa nhirng nguoi coé va nhifng nguoi
khéng co bién thé trén MFN2

Bénh CMT-Bé&nh CMT thé
MFN2 huy sgi truc
(n=4) |khac(n=13)
Tuoi | <6 (%) | 1(25%) 1(7,7%)
khdi | 6-15 (%) | 2 (50%) | 7 (53,8%)
phat [16-40 (%)| 1(25%) | 5 (38,5%)
(ndm) [ >40 (%) | 0 (0%) 0 (0%)
Tién can
g'ia dicnh 2 (50%) | 2 (15,4%)
. A 14
Tudi trung vi tai thai . a 16
diém kham (n&m) KTPVi61°'3 KTPV: 12-28
Trung vi cla tong KTP\SI'SI!?l 5_ 58
diém MRC 5'7 3 ! KTPV: 54-58
Trung vi cla gia tri 47,5 50
MNCV thdp nhat ¢ KTPV: 45,3-| KTPV: 38,3-
chi trén (m/s) 49,3 51,9

Khi chia nhdm nguGi bénh mac bénh CMT
th€ huy sgi truc thanh hai phan nhém la co
mang bién thé trén MFN2 va khéng mang bién
thé trén MFN2 (Bang 2), ching tbi nhan thdy c6
su khac biét vé mat Idam sang, vdi nhdm mang
bién thé trén MFN2 cd khdi phat <6 tudi uu thé
hon (25% so VvGi 7,7%), c6 tién can gia dinh
mac bénh 1én dén 2 trudng hdp (gap 3,2 lan
nhém khéng mang bién thé trén MFN2), ciing
nhu bi€u hién 1dm sang va trén dién co d6 ndng
han.

Trong nghién clu, thé khéng phan loai dudc
do mat dap (ng toan bd cac day TK trén NCS
chiém 14% (6/43). Trong nhdom nay, c6 4 ngudi
bénh nam va 2 ngudi bénh nir (ti I€ nam:nlr =
2:1). Do tudi khdi phat <5 tudi thudng g&p nhat
(3/6, 50%), theo sau la nhom khdi phat 6 1640
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tudi vai 33,3% (2/6), va nhom 6-15 tudi Vi
16,7% (1/6). Khong c6 ngudi bénh nao khdi
phat sau 40 tudi. Tudi trung vi tai thdi diém
danh gid cla 6 ngudi bénh la 25 (KTPV 10,5-
52,3 tudi). Khdng ngudi bénh nao cé tién cin gia
dinh biéu hién bénh. Ti Ié ngudi bénh mat PGXG
bat tuong xing véi mic dé yéu cd la 83,3%
(5/6). Diém MRC trung vi dat 54 (52-57,5).

Khi so sanh v&i hai nhém: (1) CMT thé huy
myelin va (2) CMT thé huy sdi truc, nhém bénh
CMT khong phén loai dugc co ti 1€ ngugi bénh
kh&i phat tir 0-5 tudi chi€ém uu thé& hon (50% so
vGi 10,5%-14,3%), diém MRC trung vi thdp hon
(54 so vé@i 56-58), nhung lai khong cd ngudi
bénh nao mang tién can gia dinh (0% so Vvdi
15%-20%).

IV. BAN LUAN

Nghién cru cta ching t6i ghi nhan 17 ngudi
bénh CMT thé huy sdi truc, trong d6 nam gidi
chiém 70,6%, cao han nhiéu so véi ti 1€ nam
dugc bdo cdo bdi Feely va cong su (2011) la
57,6% [4]. Diéu nay cd thé dudc giai thich bdi
hai kha nang: hodc do nit gidi bi han ché han
nam gidi trong kha nang ti€p can nghién ctiu clia
ching t6i, hodc mdt kha ndng khd co thé gidi
thich hon, la ti 1é cdc bénh nhan mac CMT tai
Viét Nam c6 ddc trung uu thé han & nam gidi -
diéu nay van chua cé bang ching xac thuc.

Nhém c6 dot bién gen MFN2 (gom 4 trudng
hgp) co khai phat bénh chl yéu & giai doan sém.
Cu thé, 25% ngudi bénh khdi phat <6 tudi va
50% khdi phat IGc 6-15 tudi, nhu vy c6 dén
75% téng s6 ca dudc ghi nhan khdi phat <16
tudi. Nguagc lai, trong 13 ngudi bénh CMT thé sgi
truc khac, chi cd 7,7% khdi phat <6 tudi va
53,8% trong khoang 6-15 tudi, va cd téi 38,5%
khdi phat trong khoang 16-40 tudi. K&t qua nay
cho thdy khuynh huéng khdi phat s6m han cua
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nhém ddt bién MFN2 so v8i phan 18n thé sgi truc
khac. Nhitng nghién clru trudc day cling cho két
qua tuong tu khi nhitng ngudi bénh mac CMT
thé hay sgi truc nhung khdng c6 bién thé trén
MFN2 s& biéu hién s6m hon, con nhdém cén
nguyén dét bién MFN2 sé& cé gan 80% ngudi
bénh cé biéu hién <20 tudi [5]. Tudng tu nhu
vay, nhém ngudi bénh c6 bién thé trén MFN2 c6
tudi trung vi 13 14 tudi (KTPV 10,3-16), trong khi
nhitng ngudi bénh mac CMT thé huy sdi truc con
lai 1& 16 tudi (KTPV 12-28). Su chénh l&ch nay
tuy khéng I6n song van phu hgp véi nhan dinh
rang nhdm cd dot bién MFN2 khdi phat va tién
trién sém hon, dan dén ngudi bénh tim dén cac
co 3 y t& & d tudi nho han. 3

NEu so sanh tién can gia dinh, dé dang nhan
thay trong nhdm bénh CMT huy sgi truc, thi ti I1é
ngudi bénh c6 bién thé trén MFN2 co tién cdn
gia dinh cao hon han so vdi nhdm con lai (50%
(2/4) so véi 15,4% (2/13)). Va néu dua vao dac
diém cd tién can gia dinh dé khao sat trong
nhdm bénh CMT thé huy sgi truc thi c6 thé phat
hién dugc MFN2 & 50% trudng hgp (2/4). Feely
va cong su (2011) [4] nhan thdy cé gan 60%
ngudi bénh mac bién thé MFN2 sé cd tién cén
gia dinh. Verhoeven va cong su (2006) ciing
nhan thdy hién tugng tuong tu, khi ti Ié phat
hién bién thé trén MFN2 & nhém ¢ MNCV
>38my/s va co tién can gia dinh Ién t&i 33%, con
néu khong danh giad tién can gia dinh thi ti 1€
phat hién chi la 18%. Do do, tién can gia dinh la
mot ddc diém ma tac gid ggi y dung dé quyét
dinh dinh khao sat MFN2. Tuy nhién, hién tai véi
su' phat trién cla NGS thi viéc tiép can don lé
nay khong con hgp Ii.

Vé téng diém MRC, nhdm cd bién thé trén
MFN2 ghi nhan MRC trung vi I3 55,5 diém (KTPV
51,5-57,3), trong khi nhém ngudi bénh mac
CMT thé huy sgi truc khac dat 58 diém (54-58).
Gid tri MNCV thap nhat do dudc la 47,5m/s
(45,3-49,3) & nhém MFN2 va 50m/s (38,3-51,9)
& nhém thé sdi truc khac. Cac két qua nay cho
thdy nhom dot bién MFN2 cé mic do yéu co
nang hon tuong Ung véi anh hudng nhiéu hon
trén dién cg, phu hgp véi nhan dinh chung cta y
van vé dot bién MFN2 [4].

Do tat ca sau bénh nhan thuéc nhém bénh
CMT khong phan loai dugc déu cé bat thudng di
truyén vai ti 1€ tuong d6i dong déu (SNV cla
PMP22 (2), MFN2 (1), GIB1 (1), MPZ (1)), déy c6
th& xem nhu’ nhdm bénh gbém tap hgp cac ca thé
véi cac d3c diém 1am sang khac nhau, va do dé
viéc phan tich ddc diém chung cia nhém Ia
khdng phlu hop. Quan sét duy nhat cd thé dua ra

la diém MRC trung vi dat 54 (52-57,5), thap han
so tit ca cac nhdm con lai trong CMT thé hay
myelin (c6 hodc khong cé6 PMP22dup) va CMT
thé hay sgi truc (cd hodc khdng c6 bién thé trén
MFN2). Nhu vay, két qua nay phu hgp véi mic
dd nang trén dién co do.

V. KET LUAN

Nghién cltu doan hé trén 43 ngudi bénh CMT
tai Viét Nam da cung cap dit liéu ban dau quan
trong, vdi ty 1€ thé sdi truc 13 39,5% va cb 14%
trudng hgp khong phéan loai dugc, cung ty 1€
phat hién bat thudng di truyén chung la 79,1%.
Trong nhdm CMT thé huy sgi truc, nam gidi
chiém uu thé rd rét; dang chu y, cac bién thé
trén MFN2 lién quan chdt ché véi tudi khdi phat
sdm, tién can gia dinh duong tinh, va mic d6
bénh ndng han ca trén lam sang lan dién cg do.
Nhom bénh CMT khong phan loai dugc trén dién
co cb phd di truyén da dang, va ciing cho thdy
dic diém khdi phat s6m va tién lugng nang.
Nhirng két qua nay khang dinh vai tro then chét
clia xét nghiém di truyén trong viéc chan doan
chinh xac, gilp tién lugng va tu van cho bénh
nhan CMT tai Viét Nam, dong thai dat nén mdng
cho cac nghién cru sdu réng han nham téi uu
hoa viéc quan ly bénh ly phic tap nay.

TAI LIEU THAM KHAO

1. Andersson PB, Yuen E, Parko K, So YT.
Electrodiagnostic features of hereditary
neuropathy with liability to pressure palsies.
Neurology. 2000;54(1):40-4. Epub 2000/01/15.
doi:  10.1212/wnl.54.1.40. PubMed PMID:
10636123.

2. Pareyson D, Scaioli V, Laura M. Clinical and
electrophysiological aspects of Charcot-Marie-
Tooth disease. Neuromolecular Med. 2006;8(1-
2):3-22. Epub 2006/06/16. doi: 10.1385/nmm:
8:1-2:3. PubMed PMID: 16775364.

3. Pipis M, Rossor AM, Laura M, Reilly MM.
Next-generation sequencing in Charcot-Marie-
Tooth disease: opportunities and challenges. Nat
Rev Neurol. 2019;15(11):644-56. Epub 20191003.
doi: 10.1038/s41582-019-0254-5. PubMed PMID:
31582811.

4. Feely SM, Laura M, Siskind CE, Sottile S,
Davis M, Gibbons VS, et al. MFN2 mutations
cause severe phenotypes in most patients with
CMT2A. Neurology. 2011;76(20):1690-6. Epub
2011/04/22. doi: 10.1212/WNL.
0b013e31821a441e. PubMed PMID: 21508331;
PubMed Central PMCID: PMC3100135.

5. Ma Y, Sun A, Zhang Y, Fan D, Liu X. The
Genotype and Phenotype Features in a Large
Chinese MFN2 Mutation Cohort. Front Neurol.
2021;12:757518. Epub 20211013. doi:
10.3389/fneur.2021.757518. PubMed  PMID:
34721278; PubMed Central PMCID: PMC8548668.

267



