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PAT VAN PE

1. Gi6i thiéu

Bénh thiéu enzym beta-ketothiolase (BKT) la m6t bénh r6i loan chuyén
hoa bam sinh (RLCHBS) lién quan t6i chuyén hoa isoleucine va xeton trong
co thé. Bénh 1an dau tién duge mé ta ndm 1971 boi Daum RS. Trong 40 ndm
nghién clru, cac tic gia nhan thy dy l1a nhom bénh hiém gip: phat hién trén
90 bénh nhan trén toan thé gidi. Lam sang dic trung boi nhing dot nhiém
toan xeton khong co triéu ching lam sang gitra cac con. Cac dot cap thuong
xdy ra khi tré bi om nhur nhlem trung, viém rudt... hodc an qua nhiéu
protein. Tudi xuét hién con cap lan dau thudng tir 6- 24 thang, nhung c6 thé
xay ra mudn hon. Néu khong dugc diéu tri kip thoi, bénh nhéan c6 thé tur
vong hoac ¢6 di chiing cham phat trién tam than van dong. 80% bénh nhan
phat trién binh thuong khi duoc diéu tri va phong bénh kip thoi. Trén thé
gidi da tim théy khoang 70 dot bién khac nhau trén 70 bénh nhan, khong tim
thdy dot bién pho bién gy bénh. Nhiéu nghién ciru chua tim thay moi lién
quan giita dot bién gen véi mirc d6 ning va tudi xudt hién con dau tién cta
bénh. Khac vdi cac nude trén thé gidi, bénh thidu enzym BKT 1a bénh Iy
RLCHBS thuong gip nhét (41 bénh nhan) qua hon 10 ndm sang loc nguy co
cao bénh RLCHBS tai Bénh vién Nhi Trung wong. Dé gop phan tiép can
chan doan, diéu tri c6 hiéu qua ciing nhu tim hiéu kiéu dot bién gen & bénh
nhan thiéu enzym BKT ¢ Viét Nam, ching t6i nghién ctru dé tai :Nghién
ciru kiéu hinh, kiéu gen va két qua diéu tri ciia bénh thiéu enzym BKT.
2. Muc tiéu ,

1. M6 ta dac diem lam sang va cdn ldm sang cua bénh nhan thiéu
enzym beta-ketothiolase.

2. Phat hién dot bién gen T2 gdy bénh ciia bénh nhin va mét sé thanh
vién gia dinh ciia bénh nhan thiéu enzym beta-ketothiolase.

3. Nhdn xét két qua diéu tri bénh thiéu enzym beta-ketothiolase.
3. Y nghia thyec tién va nhiing déng gép méi cia dé tai

Pay 1a @& tai nghién cu dau tién va tuong dbi toan dién vé bénh thiéu
enzym BKT ¢ Viét Nam. Nghién ciru 6 tinh khoa hoc va gia tri thuc tién 16n
cting nhu nhén vén. Rut ra duoc cac dic diém 14m sang va xét nghiém dic trung
cta bénh, kinh nghiém diéu tri ¢6 gia tri ciu séng bénh nhan giap cho viéc
chin doén va diéu tri kip thoi lam giam ti 1¢ tir vong va di chimg. Dé xuit viéc
chan doan s6m qua sang loc cac anh chi em rudt ciia bénh nhan qua phan tich
acid hiru co niéu bang k¥ thuat GC/MS. Phat hién dugc dot bién gen T2 gay
benh pho bién ¢ Viét Nam va 5 dot bién méi 1a co s& cho viée tu van di
truyén dé giam ti 18 tr vong va chan doan sém sau sinh.

Két qud: bénh nhan thiéu enzym BKT chiém ti 1& cao nhét trong 27
bénh qua sang loc RLCHBS & Viét Nam (14,4%) va bénh thiéu enzym BKT
trén thé gidi (40%). Pac diém lam sang dic trung 1a cac dot nhiém toan
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xeton cAp khong co triéu chung giita cac con. Xét nghiém hoa sinh dic hiéu
thdy 97,5% tang 2MAA, 2M3HB, TIG niéu va C5:1, C5:0H mau. Phat hién
dot bién gen T2 gdy bénh pho bién 1a p.R208X, IVSIO lg>c (85%) va 5 dot
bién méi. Thiy mbi twong quan kiéu gen véi bién ddi xét nghiém dic hi¢u:
tang 10 rét 2MAA, 2M3HB, TIG ni¢u va C5:1, C5:0H mau véi dot bién mét
chire nang; khong tang hoac tang nhe 2MAA 2M3HB trong dot blén con
chirc nang. Két qua diéu trj tot: 83% phuc hdi hoan toan sau con cap, 7% di
chimg chdm tdm than van dong nhe, 12% tir vong. 100% phat trién chiéu cao
va cin ning nam trong gidi han binh thuong theo biéu do ting truong ciia
WHO 2007.
4. Céu tric cia lugn an ‘ o

Luén an bao gom 123 trang, bao gom: Pat van dé: 2 trang; Chuong 1 -
Téng quan van dé nghién ctru, 38 trang; Chuong 2 - Pbi twong va phuong phap
nghién ctru: 17 trang; Chuong 3 - Két qua nghién ciru: 32 trang; Chuong 4 - Ban
luan: 31 trang; Két luan: 2 trang; Kién nghi: 1 trang. Luan an c6: 26 bang, 8 bidu
d0, 26 hinh, 120 tai liéu tham khéao (07 tiéng Viét, 113 tiéng Anh).

~ CHUONG 1
TONG QUAN TAI LIEU

1.1. Lich st phat hién bénh

Bénh thiéu enzym BKT lin diu tién dwoc mé ti nhu mot bénh
RLCHBS cua isoleucine bdi Daum va cong su, nam 1971. Pén 1979,
Robinson va cdng su da phat hién bénh khong chi lién quan tdi sy thiéu hut
giang hoa isoleucine ma con lién quan t&i chuyén hoa thé xeton do su thiéu
hut ctia enzym BKT. Nam 1983, Middleton va Bartlett cling nhan thdy BKT
la chit xtc tic chuyén hoa 2-methylacetoacetyl-CoA. Niam 1988,
Yamaguchi d3 tién hanh nghién ctru phan tich hoa sinh mién dich trén cac té
bao nguyén bio soi ciia cac bénh nhan thiéu enzym BKT va phat hién sy
thiéu hut qua trinh tong hop enzym BKT. Nam 1989 — 1990, Fukao va cong
su da phén lap va giai trinh ty cDNA ma hoéa cho enzym BKT ¢ nguoi va
tho va st dung phuong phap Northern-blot phat hién ra di hop tt & mic d6
mRNA ma héa enzym BKT. Nam 1991, Masatsugu Kano cung cong su da
phan 1ap gen & ngudi mad hoa cho enzym ndy bang cach st dung cDNA
ngudi tuong tng voi dau do va phan tich cau trac gen. Nam 1992, xac dinh
duoc vi tri cta gen T2 trén NST s 11. Nam 1992, phuong phap sic ky khi
ghép ndi khdi phd (GC/MS) duoc sir dung dinh lwong acid hitu co nidu gitap
chén doan bénh. Nam 1997 — 1998, bénh d3 duoc dua vao chuong trinh sang
loc so sinh mé rdng tai mot sb nudc phat trién.



1.2. Khai niém RLCHBS

R6i loan chuyén héa bim sinh 12 mot thuat ngit do Achibald Garrod dua
ra dé mo ta bénh 1y di truyén phén tir do nhimg rdi loan vé ciu triic gen dan
t6i sy khiém khuyét khac nhau trong qua trinh chuyén héa nhu thiéu cac
enzym, receptor, protein van chuyén va cac dong yéu t6 (Cofactor). Cho dén
nay, khoang 1000 loai RLCHBS dugc phat hién. Co nhiéu cach phéan loai
cac bénh RLCHBS khéc nhau nhung cach phan loai theo hda sinh bénh hoc
va sinh 1y bénh hoc ¢6 ¥ nghia thyc tién 14m sang va dwoc sit dung nhiéu
hién nay.
1.3. Bénh thiéu enzym BKT

Bénh thiéu hut enzym BKT 1a bénh 1y dot bién gen T2 (ACAT1) ma hoa
tao ra enzym acetoacetyl CoA thiolase hay dugc goi enzym T2 1a enzym xtic
tac qua trinh chuyén hoa isoleucine va xeton trong co thé. Bénh thiéu enzym
BKT dugc xép vao nhém RLCHBS acid hitu co va thiéu hut ning luong Vi
lién quan t6i quéa trinh chuyén héa cua acid amin isoleucine va qua trinh
giang hoa cua thé xeton.
1.4. Co ché giy bénh

Té bao ngoai gan
(TcAgee]

Miu

HMGCS

HMGCL

i ] A

3HB |}

Hinh 1.1. So' @6 chuyén hoa ciia enzym BKT va co ché giy bénh

Co ché giy bénh ciia bénh thiéu enzym BKT 14 do gian doan qua trinh
giang hoa isoleucine dan téi ting 2-methylacetoacetate (2MAA), 2-methyl
3hydroxybutyrate (2M3HB), tigglyglycine (TIG), trong do6 chat 2MAA va
2M3HB c6 thé gy ton thuong vo ndo [30]. Dong thoi bénh cling lam gian
doan qué trinh gidng hoa thé xeton (AcAc, 3HB) din t6i ting qua phat xeton
méu gay nhidém toan xeton. Tir d6 dnh hudng téi qua trinh chuyén héa nodi
moi gy ton thuong nhiéu co quan c6 thé dan dén tir vong, ciing nhu khong
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cung cap duoc ngudn nguyén liéu cua chu trinh Krebs lam thiéu ning luong
cho cac hoat dong cua co thé.
1.5. Nguyén nhan gay bénh

Nguyén nhan gy bénh 1a do dot bién gen T2, ma héa cho enzym BKT.
Dot bién giy bénh da dang va don 1¢: 70 dot bién gen khac nhau/70 bénh
nhan. Theo cau triic, dot bién gen T2 giy bénh thiéu enzym BKT c6 thé
dugc chia ra 1am 4 nhém: 1) Nhom dot bién sai nghia. 2) Nhém dot bién vo
nghia. 3) Nhom dot bién dich khung. 4) Nhom dot bién tai vi tri cit ndi gen.
Duya trén hoat do enzym, dot bién dugc chia thanh 2 nhém: nhom dot bién
mét chlrc nang va nhom dot bién con chirc nang. Cac nghién ctru chua phat
hién mdi lién quan gitra kiéu gen va mirc d6 niang hay tudi xuét hién cua con
cap nhung thiy c6 méi lién quan giita kiéu gen va mirc do bat thuong cua
acylcarnitine mau va acid hitu co ni¢u. Cac bénh nhan c6 kiéu dot bién gen
mat chuc nang s€ co bién ddi dic hiéu tang 2M3HB, TIG, 2MAA niéu va
C5:1, C5:0H mau. Con kiéu dot bién gen con chirc ning s& khong co bién
d6i hoa sinh dgc hiéu.
1.6. Chén doan bénh

Chan doan bénh dya vao biéu hién 1am sang, bién ddi trong xét nghiém
chuyén hoa thuong quy, xét nghiém dic hiéu, do hoat d6 enzym BKT va xét
nghi¢m phan ti.

- Pic diém 1am sang cua bénh 13 ting dot cép nhiém toan xeton
khong co triéu chimg gitra cac dot cap. Tudi xuat hién cac con cap
thuong tir 5 thang dén 24 thang.

- Toan chuyen hoa ting khoang tréng anion: pH thuong rat thap dudi 7,
HCOj3 thap (0-10 mmol/l), BE giam ning xudng téi — 30 mmol/l.
Xeton niéu.

- Tang 2MAA, 2M3HB, TIG niéu va C5:1, C5:0H mau.

- Gidm hoat d¢ enzym BKT.

- Dot bién gen T2 gy bénh.

1.7. Piéu tri

Nguyén tic diéu tri bénh thiéu BKT:
- Han ché cung cip co chit: Han ché protein va lipid dé giam san xuét
2MAA, 2M3HB, TIG va cac thé xeton.
- Tang cwong hoat dpng ciia enzym: Hién khong can bién phap diéu tri ndo.
- Tang dao thdi chdt chuyén héa doc: Truyén Glucose liéu cao dégiam san
xuat thé xeton. St dung L. Carnitine dé tang dao thai 2MAA, 2M3HB, TIG.
Bu Bicarbornat hoédc loc mau tinh mach — tinh mach lién tuc khi toan chuyén
héa c6 pH < 7,1.
- Cung cdp cdc chit chuyén héa thiéu: Truyén Glucose dé cung cip ning
luong thiéu hut.
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Piéu tri con cip: truyén Glucose (8-10mg/kg/phit), bu toan,
L.Carnitine, diéu tri triéu chung: thé may, van mach, loc mau, khang sinh,
bu r6i loan dién giai. ..

Piéu tri lau dai: ché do an han che protein va lipid, cung cip
L.Carnitine, tw van phong tranh con cép, tu vén di truyén.

1.8. Tién lugng

Bénh c6 tién luong tét Hau hét cac bénh nhan phat trién binh
thuong sau cac dot cip (80%) neu dugc diéu tri kip thoi. Khoang 50% bénh
nhan c6 cic con cap tai phat xuat hién trudc 6 tudi.

) . CHUONG 2 ) ]
) DPOI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Doi twong nghién ciru )

41 bénh nhan dugc chan doan bénh thi€u enzym BKT.

Tiéu ’chudn lya chon bénh nhan: tang 2MAA, 2M3HB, TIG niéu va/hodc
6 dot bien gen T2 gdy bénh. N

Tiéu chuan logi tru: khong dua vao nghién ctru nhimg mau bénh an
khong c6 day du thong tin.
2.2. Dia diém va thoi gian nghién ciru:

Nghién ctru duoc tién hanh tai Bénh vién Nhi Trung wong va hop
tép v6i Hoc vién Shimane va Hoc vién Gifu, Nhat Ban tir thang 1 ndm 2005
dén thang 6 nam 2016.

2.3. Phwong phap nghién ciru
2.3.1. Thiét ké nghién ciru:

Nghién ciru mé ta hoi ctru va tién clru doi voi ddc diém lam sang va
can lam sang, ki€u dot bién gen cua bénh nhén thieu enzym BKT. Nghién
ctru phan tich hoi clru va tién clru ¢6 can thi€p danh gia trudce sau dicu tri.
2.3.2. C& miu va phwong phap chon miu:

C& miu toan bd. Phuong phap chon miu theo so d6 nghién ciu.

2.4. C4c bién s6 nghién cieu va phwong phdp thu thap sé liéu:
- Theo mot méu bénh an thdng nhat dé nghién cu.
Cic bién s6 nghién ciru: 1dm sang, xét nghiém trong con cap lan dau, xet

nghiém hoa sinh dic hiéu, xét nghiém phan tir, két qua diéu tri sau con cip
va lau dai.



Cic d6i twong nghién ciru nghi ngd RLCHBS:

- Lam sang: cac con cip toan xeton ting khoang tréng anion va
khong c6 triéu chirng giira cac con.

- Tién sir gia dinh: C6 anh chi em rudt c6 biéu hién bénh tuwong
tu hodc da dugc chan doan xac dinh bi bénh thiéu enzym BKT
hodc anh chi em rugt tir vong khong rd nguyén nhan.

|

Xét nghiém chuyén hod thuong qui, GC/MS va Tandem

U Khiang dinh bénh (N = 41)

e Diéu trj theo phac dd (N = 41)
e  Xét nghiém phan tir cho bénh nhéan va gia dinh (32
bénh nhan, 27 cap b me, 8 anh/chi/em rudt.

v

Thu thap s6 lidu (cac bién s6) ctia con cap: N = 39
e Pic diém lam sang
e Dic diém xét nghiém
e Kétqua diéu tri

Theo ddi dinh ky 6 thang/lan: N= 37
e Phét trién thé chat va tinh than.
e Cac con cip tai phat

Hinh 2.1. So' d nghién ciru
Cac phlr(rng phap xét nghlem va thu thiap 50 liéu
- Danh gid 1am sang con cap boi cac bac si hoi stre va bac si khoa Noi tiét —
Chuyén hod — Di truyén.
- Danh gia test Denver boi cac chuyén gia tdm Iy tai khoa Tam bénh, Bénh
vién Nhi Trung wong.
- Po chiéu cao, can ning boi cac diéu dudng khoa Noi tiét — Chuyén hoa —
Di truyén.
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- Xét nghiém thuong qui dugc 1am bé‘mg may hoa sinh ty dong tai Bénh vién
Nhi Trung vong.
- Xét nghiém sinh hoa dac hi¢u phén tich acid hiru co ni€u va acylcarnitine mau
dugc lam tai Hoc vién Shimane, Nhat Ban va Bénh vién Nhi Trung uong.
- X¢ét nghiém phan tich phan ti dugc lam tai Hoc vién Gifu, Nhat Ban.
2.5. Phuwong phap xir 1y so li¢u

Céac sb liéu thu thap duogc xtr 1y theo thudt toan théng ké y hoc trén
may vi tinh bang chuong trinh phan mém SPSS 16.0.
2.6. DPao dirc trong nghién ctru:

Céac xét nghiém la can thiét dé chan doan bénh va diéu tri, don gian,
it gdy dau don, an toan cho bénh nhan. B6 me bénh nhan duoc giai thich vé
bénh va ddng ¥ tham gia nghién ctru

~ CHUONG 3
KET QUA NGHIEN CUU

3.1. Pic diém 1Am sang va cin lAm sang
3.1 1. Pic diém chung

41 bénh nhan tir 34 gia dinh khac nhau. 34 cip b me khong cing huyét thong.

Tudi chan doan trung binh: 16,3 + 12,4 thang (3 ngay — 60 thang).

39 bénh nhan ¢ con cap chuyén hoa véi tudi xuat hién con cap lan dau:
13,8 £ 7,1 thang (6 — 36 thang).

Ti 1€ nam/nir: 23/18.

41/41 bénh nhén c6 tién sir phat trién tim than van dong binh thudng.

9/34 (26%) gia dinh c6 anh/chi/em rudt c6 biéu hién 1am sang hodc tir
vong trong bénh canh tuong tu (ndn, kho thd, hdon mé).

1,3%

1|

6 - 12 thang
k>12 - 18 thang
> 18- 24 thdng
i 36 thang

5, 13%

Biéu do 3.1. Tan suat xudt hién con cap lan dau theo lira tuoi

Nhdn xét: Lira tudi xuét hién con cp lan dau chi yéu 1a trudc 24 thang tudi
(97,5%), trong do6 ltra tudi 6 — 12 thang tudi chiém 60%.



8

3.1.2. Pic diém vé dia du va dén tdc

Hau hét bénh nhan tap trung ¢ khu vuc Mién Béc va Béc Trung B9, dic biét
la g?m Ha Noi (70%), chi c6 3 bénh nhan khu virc Mién Nam, 2 bénh nhan & khu
vuc Da Ning. Tét ca 41 bénh nhan méc bénh déu 1a dén toc Kinh.

Qua sang loc 2886 dédi tuong c6 nguy co cao RLCHBS tai Bénh vién Nhi
Trung wong, chung t6i phat hién 284 bénh nhan gdm 27 loai bénh RLCHBS
khéc nhau. Bénh thiéu enzym BKT hay gip nhat trong nhém RLCHBS acid
hitu co chiém 14,4% téng s6 bénh nhan.

3.1.3. Pic diém ciia con cap chuyén hoa mit bu
Bing 3.1. Thoi diém dwoc chin do4an bénh

Thoi diém dwoc chin doan N %

Trong con cép lan dau 32 78,1
Trong con cp tai phat 6 14,6
Khi chua c¢6 triéu ching 3 7,3

Nhdn xét: 38 bénh nhan dugc chan doan khi da co6 triéu chung. 3
bénh nhan duoc chin doan chi chua c6 triéu ching qua sang loc 21
anh/chi/em rudt cua b¢nh nhan bé'lng ky thuat GC/MS. 2 bénh nhan 3 tudi va
8 tubi chua co dot cap dwoc chan doan lic 25 ngay tudi va 55 thang tudi.

Biang 3.2. Triéu chitrng 1Am sang ciia con cép lin dau

Triéu chirng 1am sang N %
Sot 36/39 92
Non 35/39 90
Ia chay 20/39 51
Ho/S6 mili 15/39 39
Viém phoi 5/39 13
Thé nhanh 39/39 100
Mat nude 38/39 97
Li bi/H6n mé 39/39 100
Co giat 6/39 15
Shock 6/39 15

Nhén xét: Dau hiéu nhiém trung hd hip (39%) hodc duong tiéu hoa
(51%) xuét hién trude, sau day Ia cac biéu hién kho thé va rdi loan y thirc.

87% bénh nhan c6 mic do hon mé dap tng vaoi dau (P/AVPU), 13%
con lai 1a hon mé sau khong dap ung (U/AVPU).

89% bénh nhan c¢6 muc dd mat nude B, 11% mait nudc & mirc 36 C ma
c6 nguy co shock.
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Bang 3.3. Biéu hién xét nghlem chuyen hoéa thwong quy
trong con cap lan diu

Biéu hién xét nghiém N %
Toan chuyén hoa 39/39 100
Xeton niéu 36/36 100
Téng glucose mau 11/39 28
Ha glucose mau 3/39 8
Téng amoniac mau 7/31 22,5
Téang bach cau 30/31 96,7
ROi loan dién gidi d6 ha kali mau 4/35 11,5
To6n thuong phdi trén phim XQ 5/37 135
Tén thwong nio trén phim CT 4/28 14,2
Scanner/MRI

Nhdn xét: 100% nhiém toan xeton, 28% co tang duong huyét.
Bing 3.4. Tinh trang nhiém toan chuyen hoa

Tinh trang nhiém toan N Glz(l'\t/ll}!ntl;u&i;))l nh
pH 39 7,07 +£0,11
(6,84 — 7,26)
HCO3" (mmol/l) 39 33+19
(0-10,7)
BE (mmol/l) 39 -25,1+3,8
(-30--17)
Khoang trong anion 39 26,7+19
(20 — 30)

 Nhdn xét: Nhiém toan niang véi pH trung binh 7,07 va ting khoang
trong anion.
Bang 3.5. Tinh trang dwdng mau

Glucose mau (mmol/1) N Gia tri trung binh
Glucse mau ha <2,7 3 21+04
1,7-26
Glucose mau tang > 11,1 11 17,8+35
13,5-23,3
Glucose mau 2,8 — 11 25 6,1+19
3,9-10,3

Nhén xét: ¢6 tdi 11 bénh nhan tang glucose mau.

Murc d6 ammoniac mau cua 7 bénh nhén ting nhe v4i mac ting cao
nhét 1a 300 Mg/dl.

Miic d6 tang bach cau cua 31 bénh nhan cao nhiéu tir 11 — 52 G/I, trong
d6 c6 21 bgnh nhan (68%) bénh nhéan c6 bach cau > 20 G/1 va 5 b¢nh nhéan
(16%) c6 bach cau > 40 G/1.
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Tén thuong ddi xtmg cua
nhan du6i va nhan beo:
taing tin hi¢u trén T2W
(mili tén tring), ting tin
hiéu trén FLAIR (mii tén
xanh 14 cdy); Tén thuong
v6 ndo dbi ximg vung dinh
chim: ting tin hiéu trén
T2W (mii tén hdng) va
FLAIR (miii tén do), giam
tin hiéu trén TW1 (miii t€n
cam); Teo ndo va gidn hé
thdng ndo that: T2W, T1W,
FLAIR.

TiwW

T2W

Hinh 3.1. Anh va MRI so niio ciia bénh nhan 19

Tén thuong dbi ximg
nhan béo nhat: tang tin
higu trén T2W (miii tén
trang), giam tin hiéu
trén FLAIR (miii tén
do), giam tin hiéu trén
TW1 (miii tén xanh
dwong); Toén thuong
liém den cuéng nao:
tang tin hi¢u trén T2W
(miii tén cam), giam tin
hi¢u trén TIW (miii tén
xanh 14 caw).

TiW

Hinh 3.2. Anh va MRI s¢ niio bénh nhén 21
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3.1.4. DPic diém cia xét nghiém hoa sinh dic hi¢u
Béang 3.6. Két qua xét nghiém phan tich acid hitru co’ ni¢u

va dinh lwgng acylcarnitine mau

Beénh pham Ia 1 g ohdm 1a
P - n giay tham mau LR .
Keét qua xét nghiém - . R nuoc tiéu twoi
(N—§9) va nuéc (N=8)
tieu (N=33)
Tang 2MAA Khong do dugc 7/8
GC/MS Téang 2M3HB 33/33 (100%) 7/8
Tang TIG 33/33 (100%) 7/8
Tang C5:1 38/39 (97,4%)
Tandem Mass = "G5O | 38/39 (97.4%)

Nhdn xét: 97,5% bénh nhan ting 2M3HB, TIG niéu va tang C5:1,
C5:0H mau. 7/8 bénh nhan ting 2MAA trong miu nudc tiéu twoi. Bénh
nhan 38 khong c6 bat thudng vé acid hitu co niéu.

Mirc d6 ting cua chit 2M3HB 1a cao nhét (550,78 mol /mol Creatinine),
tiép theo 12 2MAA (392,67 mol /mol Creatinine) va cudi cing 1a TIG (231,39
mol /mol Creatinine). Mirc d6 tang cua 2MAA, 2M3HB, TIG trong giai doan
cép cao hon hén trong giai doan 6n dinh. Muc d¢ tang C5:0H va C5:1 trong
giai doan cdp va giai doan on dinh khong c6 sy khac biét. Bénh nhan 37 c6
muc ting 2MAA, 2M3HB, TIG ni¢u va C5:1, C5:0H méu thap nht.

3.2. Két qua phan tich phan tir

6%

mp.R208X

m|VS10-1G>C
c.1A>G

mc.1032_1033insA

mp.S284N

Biéu @6 3.2. Ti I¢ cdc dit bién gen T2 gdy bénh.

Nhdn xét: 32 bénh nhan tir 27 gia dinh khac nhau dugc phén tich phan
tir va 100% c6 dot bién gen gy bénh. Phat hién duoc 8 loai dot bién alen
gy bénh. Dot bién p.R208X phd bién nhat chiém 66%, tiép theo 1a IVS10-
1g>c véi ti 1€ 19%. Sang loc 8 anh chi em rudt cia 3 gia dinh bénh nhéan 2,
4,5, 15 phat hién 2 chi rudt caa bénh nhan sb 2 va anh trai bénh nhan s 15
1a ngudi mang gen bénh p.R208X va p.A410V. 27 cip bd me déu 1a nguoi
mang gen bénh.
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¢.622C>T (R208X)

BsBNa | ﬂ ' Me BN 4 .‘«F‘ ‘f: ]

I 1_Al i‘

Binh thuwong w6 s i 88 i
CACG

176
4 123
88

CATG (Nla Ill i

Dot bién 23 5.6 i 8.6

Hinh 3.3. Hinh 4nh dét bién p.R208X ciia bénh nhén s 3 va 4
Nhan xét: Hinh trén 1a hinh anh giai trinh tw gen tryc tiép cia exon 7
gen T2. Hai hinh dudi 1a hinh anh phuong phap enzym gidi han boi Nla 111
dé phat hién p.R208X.
Biang 3.7. Kiéu gen ciia bénh nhan

STT | Kiéu gen ciia bénh nhan N %
1 p.R208X/p.R208 X 16 50
2 p.R208X/1VS10 -1g>c 5 15,6
3 IVS10 -1g>c /IVS10 -1g>c 3 9,4
4 p.R208X/c1032-1033insA 2 6,3
5 c.1A>G/c.1A>G 2 6,3
6 p.R208X/p.A410V 1 31
7 p.R208X/p.S284N 1 31
8 IVS10-1g>clexon6-10cel 1 31
9 ¢163-167del5ins2/p.R208X 1 31

Chua thdy mdi lién quan kiéu gen voi viée xuat hién cac dot cép, tudi
xuét hién ciing nhu ton thwong nio va ting amoniac mau. Nghién ciru 5 cip
anh chi em duoc phan tich gen thiy kiéu hinh khac nhau.

Bénh nhan s6 37, 38 ¢6 kiéu gen c¢.1A>G/c.1A>G thi khong ting va
tang nhe 2MAA, 2M3HB, TIG niéu, C5:1 va C5:0OH mau.



13

3.3. Phwong phap va két qua diéu tri . .
3.3.1. Cac phwong phap diéu trj trong con cap va diéu tri liu dai
Béng 3.8. Phwong phap di€u tri

Phwong phép diéu tri trong con cip (N=39) N %
e Truyén Glucose 39 100
e Khang sinh 38 97
e B toan bang Bicarbonat 37 95
e L. Carnitine 33 85
e Thdé may 16 41
e Insulin 5 13
e Thudc van mach 5 13
e Loc mau tinh mach — tinh mach lién tuc 4 10
e Didu trj r6i loan dién giai d6 4 10
Phuong phap diéu tri 1au dai (N=37) N %
e Chéddan 37 100
e L. Carnitine 37 100

Nhdn xét: Trong qua trinh diéu tri con cip 4 bénh nhan khong cai
thién tinh trang nhiém toan sau 3- 6 tiéng da dugc tién hanh loc mau

Thoi gian loc mau cia bénh nhan tr 1 — 3 ngay. Thoi gian bénh
nhéan can thd may ciing tir 2 — 3 ngay. Thoi gian nhidm toan trung binh cuia
bénh nhén 1a 37 tiéng.
3.3.2. Két qua diéu tri

41 bénh nhin

! !

Khéng coé triéu chitng Co triéu chimg
2 39

Sau diéu tri dot cép diu
tién

! | l

Phuc héi hodn toan Chéam phét trién Tir vong
34 3 2

l | }

Khang co Mt théng tin
16 16 2
D
Phuc héi hoan toan Tu vong
14 2

Hinh 3.4. So d6 két qua diéu tri
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Nhdn xét: 34 bénh nhan phuc hdi hoan toan sau con cip lan dau chiém
83%. 2 bénh nhan chua c6 con cip dén 3 va 8 tudi. 5 bénh nhan tr vong
chiém 12,2 %. 3 bénh nhéan di chimg cham phét trién tim than van dong
chiém 7,3%. Hién c6 34 bénh nhan dang dugc theo doi diéu tri.

Thoi gian theo ddi diéu tri trung binh 14 4,1 + 2,7 nam (0,5 — 10 nam).
Tudi bénh nhan hién tai trung binh 12 5,6 +2,7 (1 — 11 tudi).

16 bénh nhan c6 con cap tai phat & d tudi tir 9 — 53 thang véi tudi trung
binh 1a 22 thang. Chi ¢6 2 bénh nhan tai phat trén 3 con.

Bang 3.9. Phit trién chiéu cao, cAn ning theo bi¢u dd ting truéng

cia WHO 2007
Phat trién chiéu cao, cin ning N %
Chiéu cao <-2SD 0 0
- 25D - 0SD 31 91,2
> (0SD - 2SD 3 9,8
Can nang >2SD 0 0
- 2SD - 0SD 28 82,4
>0-2SD 6 17,6
Bing 3.10. Phat trién tinh than vin dong theo test Denver II
Test Denver N %
DQ/IQ > 80 32 914
DQ/IQ 6179 0 0
DQ/IQ< 60 3 8,6
Bing 3.20. Yéu to tién lwong ning
£ en Test X binh phwong
Yéu to tién lwong Gia tri Df P
Gioi 3,486 1 0,062
Co giat 11,482 1 0,001
Shock 8,048 1 0,008
Thd may 7,042 1 0,013
Con cép tai phat 1,005 4 0,909
Test T student P
T Df
Tuoi xuat hién -0,083 37 0,934
Thoi gian con cip trudc -0,454 37 0,653
nhép vién
pH 0,297 35 0,768
HCO; -1,757 35 0,088
Glucose mau 0,435 35 0,666
Amoniac mau -2,216 29 0,035
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Nhan xét: Co giat, shock, thd mdy va tang amoniac mau la cac yéu t6 ¢
lién quan t6i két qua dicu tri voi p 1a 0,001; 0,008; 0,013; 0,035 twong Gng.

! [0 [0

& .

B BN
12 thing c6 con cap lan 1, 36 Chan doan lic 3 ngay,
thang duoc chan doan khi co dén 6 thang xut hién

Gia dinh cdp bénh nhan §, 20

Hinh 3.10. Anh bénh nhén 8, 20.

Nhdn xét: Chi gai ¢6 2 dot cip chuyén hoa va duoc chin doan bénh &
dot cép 1an 2. Nguoi em trai dugc chin doan qua sang loc bang xét nghiém
acid hitu co ni€u lac 3 ngay. Puogc tu vén diéu tri ché do an va L.Carnitine

va chi xuat hién 1 con cip thoang qua khi 6 thang tudi.
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CHUONG 4
BAN LUAN

4.1. Pic diém 1Am sang va cin lAm sang
4.1.1. Pic diém chung

Tudi xuét hién con cip diu tién cua bénh nhéan 1a tir 6 — 36 thang tudi
v6i tudi trung binh 1a 13,8 thang. D6 tudi hay xuét hién con cdp dau tién 1a
tir 6 — 12 thang (60%), tiép theo tir trén 12 thang dén 24 thang chiém 37%,
Két qua nay phit hop véi nghién ctru cua tac gia Fukao va cong sy trén 26
bénh nhén: tudi trung binh cua con cip 1an diu 1a 15 thang va tudi xuét hién
con cdp sém nhat 1a lac 3 ngay va mudn nhét la 48 thang. Cho dén nay chi
c6 1 truong hop duy nhat xuat hién con cap d4u tién luc 3 ngay tudi 1a bénh
nhan T4y Ban Nha. Tudi xut hién con cip dau tién phu hop véi co ché bénh
sinh va sinh 1y chuyén hod cua co thé. Thir nhat, giai doan sau 6 thang tudi la
giai doan khang thé cta me truyén sang cho con bét dau giam st dan t6i tré
rat d& bi nhiém khuan. Va day 1a nguyén nhan chinh gy khoi phat con cép.
Do khi nhiém khuan nhu cau ning luong ting lén 150% dén 200% so voi
nhu cau binh thuong. Trong khi d6, ning luong cung cap tlr an ubng lai giam
st do tré biéng an va non tré. Va khi d6 co thé sé st dung ning luong du trit
tir lipid va két qua 1a mot luong 16n xeton duge san xuit ra nhung khong
dugc giang hoa dan t6i tinh trang nhiém toan xeton. Tht hai, tré 16n it bi cac
con cap vi nhu cau ning lugng so v&i can ning 1a it hon so véi tré nho. Thi
ba, su phan b 16p md, 16p co cia co thé cling 1a mot trong nhitng nguyén
nhan gitp cho tré 16n it xay ra con cip hon. O tré con bu me thi sy phan bd
16p m& dudi da nhiéu, nang luong duy trit chu yéu tir 16p m& du trix trong khi
dbi véi tré 16m thi 16p m& dudi da it thay vao d6 13 16p co nén nang luong du
trir dugc 1y tir protein du trit. Thir tu, tre 0 — 6 thang tudi co tan suit cac bira
an nhleu khoang cach céac bita an ngén nén it xuat hién cac con nhiém toan
xeton cap

Tat ca bénh nhén co tién st phat trién tdm than van dong binh thuong
trude khi xuat hién con cap lan dau. Day 1a dic diém lam sang rat quan trong
dé phan bigt véi cac RLCHBS acid hitu co khiac nhu bénh ting
methylmalonic mau, bénh tang propionic mau, va bénh HSD10 thudc nhom
RLCH giang hoa thé xeton. Vi cac bénh nhan ciia nhém bénh nay thuong cd
cham phat trién tdm than van dong.

Ti 1€ gia dinh c6 tién str c6 anh chi em rudt cia bénh nhan bj bénh tuong
tu hoac tr vong khong rd nguyén nhan/trong bénh canh tuong ty 1a 9/34
(26%). Trong do6 c6 7 cap bénh nhan 1a anh chi em rudt duoc chan doan va
diéu trj tai Bénh vién Nhi trung wong.
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21 anh/chi/em rudt ctia cac bénh nhan déu duoc sang loc bénh thiéu
enzym BKT bang xét nghiém dinh lugng acid hitu ni¢u dé tranh bo sot cac
truong hop chua ¢ triéu chimg con cap. Phat hién dugc 3 bénh nhan chua
c6 triéu chung. D6 1a bénh nhan $6 20, s 26, s6 27 duge chan doan gua sang
loc luc 3 ngay, 55 thang, 25 ngay tudi. Cho téi nay chi c6 bénh nhén sé 20
d3 xuat hién con cip lan ddu luc 6 thang tudi. Con bénh nhén sb 26 va sb 27
1a chua c6 con cép 1an dau t6i 8 va 3 tudi. Cac nghién ctru trén thé gisi ciing
gap nhiéu cap anh chi em rudt déu bi méc bénh. Trong nghién ciru cua
Thummler, nguoi chi rudt dugce chan doan luc 2 tudi nhung nguoi em trai
khong duoc xét nghiém sang loc cho dén khi xut hién con cap 1an dau luc 6
tudi. Trong nghién ctru cua Sarafoglou, ngudi chi rudt duoc chan doan luc 5
tudi trong dot cap dau tién va ngudi em trai 11 thang duoc lam xét nghiém
sang loc khang dinh bi bénh khi chwa ¢6 con cap. Trong nghién ciru ctia
Kose, nguoi em trai dugc chan doan bénh luc 8 thang tudi trong dot cap lan
dau, nguoi chi gai 6 tudi duoc sang loc khang dinh bi bénh liic 6 tudi khi
chwa c¢6 con cép.

Nhu vy, viéc hoi tién sir gia dinh ciing rit quan trong trong nhom bénh
di truyén vi gitip cc béac si 1am sang co dinh hudng chan doan va lam cac
xét nghiém ciing nhu xt tri ban dau phit hop. Viée chin doan dwoc bénh bang
dinh lugng acid hitu co niéu cho cac anh/chi/em rudt cia bénh nhan khi chua
c6 triéu chimg 1a can thiét dé xac dinh chan doan va c6 ké hoach diéu tri phu
hop dem lai két qua tot. Viéc chan doan sém duoc ngay trong giai doan so
sinh va khi chua c6 triéu chiing 1am sang 1a hai trong nhiéu tiéu chi quan trong
dé dua nhom bénh niy vao chuong trinh sang loc so sinh mé rong.

La bénh di truyén lan trén nhiém sdc thé thudong nén ti 1¢ mic bénh &
nam va nit 1a tuong dwong nhau (nam/nit: 23/18), giébng nhu nghién ctru cua
Fukao nam 2001.

4.1.2. Dic diém vé dia 1y va dan toc

Bénh dugc phat hién trén 16 tinh thanh trén toan qudc. Nhung ti 14/16
(88%) 1a cac tinh thanh & mién Bic va Bic Trung Bé v6i s6 bénh nhan la 36
bénh nhan chiém 88%. Vi Bénh vién Nhi Trung wong 1a trung tdm déu tién
ctia Viét Nam nghién ctru ciing nhu c6 hé théng chan doan va diéu tri bénh
trén toan quéc.

Trong sudt trén 10 ndm vira qua, 2886 dbi tugng dugc sang loc nguy co
cao va phat hién 284 bénh nhan RLCHBS v&i 27 bénh khac nhau. Trong do
bénh thiéu enzym BKT 14 mot trong nhiing bénh hay gip nhat 41/284 (chiém
14,4%) & Viét Nam va 40% tong s6 bénh nhan trén thé gidi. Ti 1 nay cao
hon hin so v&i ti 1& mac bénh thiéu enzym BKT la 8/1135 (0,7%) qua 10
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nam sang loc 18303 dbi twgng nguy co' cao tai Trung Qudc. Vi khong co
sang loc so smh mé rong tren toan qubc vé nhom bénh nay nén khong tinh
dugc ti 1& mic nhung qua s6 lwong tré em sinh ra trong 10 nim trong 16 tinh
thanh ta c6 thé ude luong ti 1€ mic khoang 1/190.000. Ti 1€ nay cao hon ti 1¢
sang loc so sinh tai North Carolina la 1/313.000 va tai Minesota la
1/232.000. Dé tim hiéu tai sao ti 16 mic ¢ Viét Nam cao, chiing t6i di co 1
nghién ctru vé ngudn goc gen gay bénh cua Viét Nam so VO’l nhém bénh
nhan Ha Lan c6 cing kiéu gen dot bién. Két qua la ngudn gbe gen gy bénh
ctia 2 nhom 1a khac nhau. Tai sao Viét Nam cé sb luong bénh nhan 16n thé
van 1a mot cau héi.
4.1.3. Dic diém ciia con cap chuyén hoa mit bu

39/41 bénh nhéan chiém 95% cé con cép chuyén hoa mat bu. Hau hét
bénh nhan dugc chin doan ngay trong dot cap dau tién (32/39 bénh nhan
chiém 78,1%). Nhén thay viéc tiép can chan doan RLCHBS ciia cac béc si
khoa cdp ciru 1a kha t6t. Bénh c6 thé bi bo sét chan doan ngay con cdp dau tién
néu nhu cac béc si khong cé nhan thirc vé nhom bénh RLCHBS va bénh nhan
vo tinh duoc thoat khoi con cip mét bu do duoc truyén glucose va bu toan.

Triéu ching 1am sang cta con cdp thuong khoi dau 1a cac triéu chimg
ctia cac bénh nhidm khuin duong ho hap (15/39 bénh nhén), cac bénh nhiém
khuan dudng tiéu hoa (20/3 bénh nhén), nhidém tring khac 13 (2/39 bénh
nhan). C6 duy nhat bénh nhan 18 khong c¢6 nhidm tring ma chi ¢ an nhiéu
dam (bot lwon) lac 9 thang tudi. Sau nhidm trang 2-3 ngdy bénh nhan xut
hién cac triéu ching cta thd nhanh (100%), mat nuée (100%), rdi 1i bi va
h6n mé (100%). Mot sé bénh nhan c6 co giat (15%), tinh trang sdc luc vao
vién (15%). Chinh vi vay ma khi bénh nhan vao vién thuong dugc chan doan
so bo 14 viém phdi ning hodc tiéu chay cip mat nudc ning hodc viém nio -
mang ndo hoic sbc — nhidm trung huyét. Tinh trang ¥ thirc cia bénh nhan
khi vao vién thuong hén mé ¢ miac d6 P/AVPU (87%) va chi co6 13% 1a ¢
mirc @6 U/AVPU. Mirc d6 mat nuéc thudng gip 1a mat nuée B (89%), chi
¢6 11% & mirc d6 nang mat nuéc C.

Biéu hién ndi bat ciia cac xét nghiém thudng quy 1a 100% benh nhén co
toan chuyén hoa nang véi pH trung binh 7,07 va ting khoang trong anion
trung binh 13 26. Két qua nay gidng voi két qua nghién ciru cia tac gia
Fukao: pH tir 6,76 — 7,3. Pay la dic diém dé phan biét véi toan chuyén hoa
trong bénh 1y 6ng than, trong tiéu chay cap la khoang tréng anion khong
tang. Mic du tinh trang nhiém toan chuyén hoa ning nhung lactat ting nhe
hodc khong tang va hau hét 1a khong c6 biéu hién sdc (33/39). Dic diém nay
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glup phan biét v6i tinh trang nhiém toan chuyen hoa trong sdc dic biét 1a sbc
nhiém tring. Nhiém toan chuyen hoa trong soc nhidm trung 1a do suy tuan
hoan ngoai bién da téi chuyén hoa hiém khi lam ting lactat méu va toan
chuyén hod. 100% bénh nhan c¢6 xeton niéu. 28% bénh nhan cé ting glucose
mau v&i mace do 13,5 — 23,3 mmol/l. T4t ca 11 bénh nhan tang glucose huyét
nay khong c6 ting HbA1C, dong thoi dudng huyét giam nhanh vé binh
thuong mac du khong diéu tri insulin hodc chi diéu tri insulin tir 3 — 8 tiéng.
Céc bénh nhan nay khong can diéu tri tiép insulin dé duy tri dudng mau binh
thuong thdm chi trong ca truong hop dang truyen dudng. Tinh trang tang
glucose mau ciia bénh nhan trong cac dot cip mat bu chuyén hoa c6 thé giai
thich 1a do sy dap tng cia co thé véi stress lam ting tiét cac hormon
cortisol, catecholamine.

Trong nghién ctru cia chiing t6i c6 3 bénh nhan c¢6 ha glucose mau &
mirc do nhe 1,7 — 2,3 mmol/l va khéng cé gan lach to, ting lactat mau nhe.
Day 1a dic diém dé phan biét voi réi loan chuyén hoa dy trit glycogen ciing
c6 toan chuyén hoa va xeton niéu, ha glucose mau nhung c6 gan lach to va
latat mau tang cao.

Hau hét cac bénh nhan c6 ting bach ciu rat cao (68% ting bach cau trén
20 G/1, 16% ting bach cau trén 40 G/I) phan 4nh tinh trang nhiém tring ning
ctia cac dot cap ciia cac bénh nhan. Pay chinh 1a nguyén nhan gy khai phat
con cap chuyén hoa mat bu.

4/28 bénh nhan c6 biéu hién tén thuong than kinh trén phim CT va
MRI. Trong d6, bénh nhan sé 1va s6 33 co ton thuorng giam ti trong chét
trang d6i Ximg ving doi thi 2 bén trén phim CT néo. Biéu hién 1am sang ctia
bénh nhan so 1 sau con cép la giam truong luc co, cham phat trién tdm than.
Bénh nhan s6 33 tir vong ngay trong dot cip. Bénh nhan s6 19 ¢6 ton thuong
dbi xing ving nhan dudi, nhan béo tham 2 bén: ting tin hiéu trén T2W,
giam tin hiéu trén T1W; ton thuong va teo ndo ving dinh cham déi xtimg 2
bén trén phim MRI ndo. Triéu ching 14m sang cua bénh nhan s6 19 1a rdi
loan truong luc co, cham phat trién tdm than van dong sau con c:?ip. Bénh
nhan s6 21 c6 ton thuong d6i ximg nhan béo nhat 2 bén va vung liém den
cuéng ndo 2 bén: tang tin hiéu trén T2W, giam tin hiéu trén T1W. Tri¢u
chimg 1am sang cia bénh nhan s6 21 1a ting truong lyc co kiéu gip ctng,
cham phat trién tdm than nhe. Nhan thay ton thuong nio trén phim MRI trén
thé giéi 1a ton thuong ving nhan béo, nhan dudi. Trong mot s6 nghién ciru
trén thé gidi vé tim hiéu mdi lién quan giira t6n thwong nio va cac yéu tb
khac nhu sc/tang ap phoi, pH, co giat, ha glucose mau nhan thay: Soc/ting
ap phoi va co git 1a ¢ lién quan dén ton thuong nio voi p <0,05. Ngoai ra,
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cac chit chuyén hod trung gian & dong 2MAA, 2M3HB, TIG c6 thé gy ton
thuong ndo. Ton thuong nhan béo, nhan dudi va cac nhan nén dbi xtimg con
dugc gip nhiéu trong cac bénh RLCHBS khac nhu ting methylmalonic mau,
ting propionic mau, ting lactat bdm sinh... nén ddy khong phai 1a ton
thuong dac hiéu ctia bénh nay.
4.1.4. Dic diém ciia xét nghiém hoa sinh dic hi¢u

97,5% bénh nhén c6 tang 2M3HB va TIG niéu. 7/8 bénh nhan co tang
thém 2MAA do dugc phén tich acid hiru co ni¢u tir bénh pham nudc tiéu
twoi. Ching t6i nhan thdy murc d6 tang ciia 2MAA, 2M3HB, TIG trong nudc
tiéu ciia bénh nhan trong giai doan cap tiang rd rét hon trong giai doan 6n
dinh ngoai con cip. Do d6 xét nghiém ngay luc con cip s& c6 chin doan
chinh xac hon.

97,5% bénh nhan duoc dinh lugng acylcarnitine mau bang phuong phap
Tandem Mass déu c6 ting C5:1 (tiglylcarnitine) va C5:0H (2-methyl-3-
hydroxybutyrylcarmtlne) trong d6 c6 6 bénh nhan dugc lam xét nghlem
ngoai giai doan cap. Muc d6 tang trung binh cta C5:1, C5:0H trong dot cap
va ngoai dot cap khong c6 su khac biét co y nghia thong ké véi p > 0,05.

Duy nhdt bénh nhdn s6 38 ¢ két qua phdn tich acid hitu co niéu va
acylcarnitine mdu binh thiwong cd trong con cdp va trong tinh trang on dinh.
Trong khi chi rudt 1a bénh nhan s6 37 lai ¢ tang nhe 2M3HB, 2MAA va
TIG trong nudc tiéu. Bénh nhan sb 37 co ting C5:1, C5:0H ¢ muc do thap
0,05 va 0,8 mol/l trong giai doan 6n dinh khong tridu ching.

Su khac biét vé ti 1& bién dbi hoa sinh dic hiéu gitra nghién ctru cia
chung t6i lién quan dén loai dot bién mat chirc nang hay con chirc ning cta
gen T2.

4.2. Két qua phan tich phén tir

32 bénh nhén tir 27 gia dinh khac nhau duoc phén tich gen T2 va 100%
dugc phat hién thay dot bién gay bénh. Ti 1& tim thay dot bién ciia bénh nhéan
trén thé gidi cling 13 100%. Phat hién duoc 8 loai dot bién alen khac nhau
p.R208X, IVS10-1g>c, c.1A>G, ¢.1032_1033insA, p.A410V, p.S284N, xoa
doan exon 6 -11, ¢.163 _167delinsAA véi cac ti 1€ twong tng 1a 66%, 19%,
6%, 3%, 1,5%, 1,5%, 1,5%, 1,5%. Trong nghién clru cua ching t6i, phan bd
loai dot bién nhu sau: 3 dot bién diém c.1A>G, p.A410V, p.S284N gay dot
bién sai nghia (missen mutation) chiém 37,5%; 1 dot bién diém p.R208X
gy dot bién v6 nghia (nonsense mutation) chiém 12,5%; 1 dot bién diém
IVS10-1g>c giy dot bién vi tri ndi (splice site mutation) lam xo04 doan exon
11 chiém 12,5%; 1 dot bién chén 1 nucleotide ¢.1032_1033insA giy dot bién
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dich khung chiém 12,5%; 1 dot bién xo4 doan 16n exons 6 — 11 chiém
12,5%; 1 dot bién vira mit nucleotide vira chén nucleotide c.163 167
delinsAA gy mit 2 acid amin Phenylanine, Leucine va chén 1 acid amin
Lysine chiém 12,5%.

Nhu vay, chi yéu dot bién tim thdy trong nghién ciru ctia chiing toi 1a
dot bién diém chiém t6i 62,5%, tuong tu véi tong két trén thé gioi la dot
bién diém chiém 85,5. Tuy nhién c6 su khéc biét rat 16n giira két qua nghién
clru clia chung toi voi cac nghién ciru khac 1a phat hién thiy dot bién phd
bién dAu tén trén thé gici p.R208X (66%) va IVS10-1g>c (19%) ¢ bénh
nhan Viét Nam. Dot bién p.R208X dd dugc tim thidy ¢ bénh nhan Ha Lan,
Trung Qudc. Ngoai Viét Nam, trong nghién ciru 2016 gan ddy nhat da phat
hién thém dugc mot dot bién gay bénh phd bién p.M193R (c.578T>G) &
ngudi An Do véi ti 18 12 45%. Piu nay c6 1& do ti 18 hdn nhan trong cing
lang x6m ¢ Viét Nam cao. Tuy cac tat ca bd me bénh nhan trong nghién
ctru cua chiing t6i déu khong cung huyét théng nhung hau hét ho déu sinh
ra cung thén/xém hodc cing huyén. Vi dic diém cia di truyén lin trén
nhiém sic thé thuong, bénh thudong khong xuit hién & cac thé hé trude
nhung alen dot bién duoc truyén tir doi trude sang doi sau. Nhu vdy, alen
dot bién p.R208X ctr dugc nhan dan l1én theo nim thing va cung véi
truyén thong lay cung dia du c6 thé 1a nguyén nhéan tao nén dot bién phd
bién p.R208X & Viét Nam.

Phat hién 5 dot bién méi: IVS10-1g>c, ¢.1032_1033insA, p.S284N, x04
doan exon 6 -11, ¢.163_167delinsAA.

8 loai d6t bién dugc phan thanh 9 kiéu gen. 8/9 kiéu gen trong nghién
ctru cta ching t6i 1a dot bién mat chirc nang. Chi co kiéu gen dong hop tir
¢.1A>G 1a dot bién con chirc nang. Nhan thay c6 mdi lién quan giita dot bién
gen va bién d6i dic hiéu cua acid hitu co niéu va acylcarnitine mau. Ba muoi
bénh nhéan dot bién mait chire nang co bién dbi dic hiéu trong nudc tiéu va
acylcarnitine mau cho bénh thiéu enzym BKT: 2MAA (6 — 1091 mol /mol
Creatinine), 2M3HB (132 — 1738 mol /mol Creatinine), TIG (40 — 580 mol
/mol Creatinine ), C5:1 (0,08 — 15,56 umol/l), C5:0H (0,8 — 13,8 umol/l).
Trong khi, 2 bénh nhan sé 37, 38 c6 dot bién con chirc ning thi bién dbi acid
hitu co ni€u va acylcarnitine mau nhe, khong rd rét cho bénh.

Chung t6i ciing chua tim thdy mbi lién quan giita kiéu gen va tudi xuat
hién con cép, tan sudt xuét hién con cép, ton thuong ndo cling nhu tri¢u
chung co giat, ting amoniac mau



22

4.3. Phwong phap va két qua diéu tri
4.3.1. Cac phwong phap diéu tri trong con cip va diéu tri lau dai

39 bénh nhan d3 dugce diéu tri con cép chuyén hoa. Cac phuong
phép dugc di€u tri trong con cap clia bénh nhan 1a truyén glucose, bu toan
bang bicarbonat, cung cap L.Carnitine, khang sinh, thé may, thudc van
mach, loc mau lién tuc, insulin, can bang dién giai d6 véi ti 1€ twong ung 1a
100%, 95%, 85%, 97%, 41%, 13%, 10%, 13%, 10%.

Tt ca cac bénh nhan trong con cip déu dugc diéu tri truyén
Glucose toc dd cao 8 — 10 mg/kg/phut. Truyén glucose toc dd cao 1a bién
phap di€u tri quan trong nhat trong bénh thiéu enzym BKT vi trc ché qua
trinh gidng hoa thé xeton tir lipid du trix, giai quyet khau quan trong nhat
trong co ché bénh sinh ctia con nhiém toan xeton cip.

Diéu tri insulin mau duoc chi dinh ¢ 5 bénh nhan co glucose mau
trén 15 mmol/l dugc diéu tri insulin. Mic du trong nghién ctru ciia ching toi
6 t6i 11 bénh nhéan tang glucose mau (13,5 — 23,3 mmol/l). Tuy nhién trong
qué trinh theo ddi diéu tri, chung t6i thiy glucose méau cua bénh nhén ha rat
nhanh vé binh thuong trong vong 2 — 8 tiéng mic du dd ngimg truyén insulin
va van dang truyén glucose. Pay 1a dic diém gitp chung t6i dinh hudng
chan doan va hudéng xur tri trong cac gio dau tién khi dang cho cac xét
nghiém acid hiru co ni¢u va HbA1C.

Phuong phép diéu tri bu toan bang Bicarbonat dugc thuc hién trén
37/39 bénh nhan. Ba muoi bay bénh nhan nay khi nhap vién c6 pH <7,1.
Con 2 bénh nhan khong duge diéu tri bu toan bang Bicarbonat déu ¢ pH
>7,2. Bay la phuong phap duge thyc hién trude phuong phap diéu trj truyén
glucose vi triéu chimg ndi bat cua bénh nhén khi nhap vién la nhiém toan
chuyén hoa. Thoi gian khi mau vé binh thuong trong nghién ctru cua ching
toi 1a 37,4 gio.

Hau hét cac bénh nhan trong nghién ctru cta ching t6i nhap vién
trong tinh trang ning can cac phuong phap diéu tri hd tro tich cyc: tho may
(16 bénh nhan), thudc van mach (5 bénh nhan), loc mau (4 bénh nhan).

T4t ca bénh nhan con séng sau con céip diéu duge diéu tri 1au dai voi
ché d6 an han ché protein, L.Carnitine, tw vin phong con cap.

4.3.2. Két qua diéu tri

Ti 1& ctru sdng sau con cip lan dau 1 83%. Hai bénh nhan chua xuat
hién con cap chuyén hoa dén 3 va 8 tudi. Thoi gian theo ddi trung binh 1a 4,1
nam (0,5 — 10 ndm). Tudi hién tai trung binh 13 5,6 tudi (1-11 tudi). Ti 16 tur
vong trong qua trinh diéu tri 1a 12,2%. Ti 18 di chimg cham phat trién tam
than van dong 1a 7,3%.
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Ti 1& bénh nhan c6 con cip tai phat trong qua trinh theo ddi diéu tri
1a 48% (16/34 bénh nhén). Trong d6 69% bénh nhan c6 1 con cap tai phat
(11 bénh nhén), 19% bénh nhén c6 2 dot cap tai phat (3 bénh nhan), 12%
bénh nhan c6 tir 3 d&n 5 con cép tai phat (2 bénh nhan). Tét ca cac dot cdp
tai phat cua bénh nhan déu lién quan t&i nhidm tring ho hép va tiéu hod. Do
tudi Xuat hién con cap tai phat tir 9 dén 53 thang tudi va trung binh la 22
thang tudi. Nhu vay, tan suat tai phat con s& glam theo d¢ tuoi.

Phat trién thé chét ctia 34 bénh nhan vé chiéu cao va can nang cua
bénh nhan déu nim trong gii han cho phép tir - 2 SD dén 2 SD theo biéu do
tang truong cia WHO nam 2007. Tuy nhié€n, ¢ t6i 91,2 % bénh nhén c6
chiéu cao & ving gidi han dudi tir — 2 SD dén 0 SD (biéu d 3.8) va 82,3%
bénh nhén ¢6 cén ndng ¢ vang gisi han dudi tr - 2 SD dén 0 SD (biéu dd
3.9). Trén thé giéi chua co théng ké vé phat trién thé chat chidu cao, cin
ning cta nhom bénh nay nhung trén béo cdo 1€ té cac ca bénh thi thay bénh
nhéan c6 phat trién thé chat binh thuong nhung ciing & gidi han thap ctia binh
thuong. Viéc giam sat ché do an la quan trong dé bénh nhan dat duoc phat
trién nhu tré binh thuong. Nghién ctru cta ching toi vé phét trién thé chat
ctia 34 bénh nhan 1 nghién ciru ¢6 s6 lugng 16n dau tién trén thé gidi. Day 1a
co s& dit liéu dé theo doi phat trién thé chét ctia nhom bénh cling nhu hiéu
qué diéu tri bénh.

Qua phan tich cac yéu t6 tién luong nang, ching t4i nhan thdy co
giat, soc th0’ may va ting amoniac mau la cac yeu t6 tién luong ndng trong
cac dot cdp v6i p 1a 0,001; 0,008; 0,013; 0,035 tuong tng. Cac nghién ciru
theo doi lau dai trén thé gidi théy ¢ 2 bénh nhan nit mang thai va sinh con
khoé manh.

KET LUAN

Qua nghién ctu 41 bénh nhan thiéu enzym BKT trong hon10 ndm tai Bénh

vién Nhi Trung vong, chiing t6i rit ra mét so ket luén sau:

1. Pic diém 1Am sang va cdn 1Am sang ciia bénh thiéu enzym BKT

- Bénh thuong gip nhiéu nhét trong cic RLCHBS tai Viét Nam (14,4%)
cling nhu trén toan thé gidi (40% tong so ca bénh thiéu enzym BKT).

- 95% bénh nhén c6 con cip chuyén hoé véi dic diém 97,5% c6 tudi xuét
hién 6 — 24 thang, trung binh la 13,8 thang; 97,5% yéu t6 khdi phat 1a
nhiém tring tiéu ho va hé hap; 100% biéu hién 1am sang cua nhiém toan
nidng nhu thd nhanh, li bi/hén mé véi pH < 7,1, khoang trong anion tang
trung binh 13 26 va cé xeton nicu.

- Pic diém cia xét nghiém chuyén hoa dic hiéu: 97,5% c6 ting 2MAA,
2M3HB, TIG niéu va tang C5:1, C5:0H mau.
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2. Két qua phan tich phan tir

32/41 bénh nhan duoc xét nghiém déu tim thiy dot bién gen T2. Phat
hién 8 alen dot bién khic nhau p-R208X, IVS10-1g>c, c.1A>G,
c.1032 _1033insA, p.A410V, p.S284N, xoa doan exon 6 -11,
c.163_167delinsAA. Phat hién dot bién phd bién gy bénh p.R208X
chiém 66% va IVS10-1g>c chiém 19%. Phat hién 5 dot bién méi: IVS10-
lg>c, «¢.1032 1033insA, p.S284N, xo04 doan exon 6 -11,
€.163_167delinsAA.

8/9 kiéu gen 1a dot bién mat chuc nang c0 tang 1o rét 2MAA, 2M3HB,
TIG ni¢u va C5:1, C5:0H mau.

Chua c6 mdi lién quan gitra kiéu gen va biéu hién 14m sang, muc do
nang, ciing nhu tudi xuat hién con cép.

3. Két qua diéu tri

1.

Két qua diéu tri tot: 83% phuc hdi hoan toan sau con cép, 7% di chimng
cham tam than van dong nhe, 12% t vong. 100% phat trién chiéu cao va
cin ning nim trong gi¢i han binh thudng theo biéu dd ting trudng cua
WHO 2007. 47% bénh nhan c6 con cép tai phat & do tudi dudi 53 thang.
Co giat, soc, thd may va ting amoniac 1a cac yéu td tién luong ning
tuong tng vdi p 1a 0,001; 0,008; 0,013; 0,035.

KHUYEN NGHI

Pua bénh thiéu enzym BKT vao chuong trinh sang loc nguy co cao
RLCHBS va chuong trinh sang loc so sinh md rong nham phéat hién va
diéu tri som truéc khi ¢ triéu ching caa con cap dé giam ti 1é tir vong
va di chiing.

M& céc 16p tap huén tiép can chan doan va xur tri cap ciu tai cac tuyén
dudi dé giam bo sot chan doan cling nhu xir tri cac bénh nhan thiéu
enzym BKT tai tuyén dudi giam viéc di lai cho gia dinh bénh nhan.
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1. Introduce

Beta-ketothiolase (BKT) deficiency is an inherited metabolic disease of
isoleucine and ketone body metabolism caused by mutations in the T2 gene.
Since the first report of BKT deficiency by Daum et al., in 1971, more than
90 patients with this disorder have been identified worldwide. BKT
deficiency is clinically marked by intermittent ketoacidotic episodes of
variable severity; no symptoms exist during stable conditions. Infections,
excess protein eating were frequent trigger factors. Onset ages of the first
episodes were 6 — 24 months old. Patients may be died or mental
consequences if early and adequate management have been not done. The
disease have good outcome with 80% normal development patients. 70
different mutations were identified among 70 patients. There were no
correlations between genotype and severity or onset age of acute episode.
During the period from 2005 up to now (2016), we have diagnosed 41
Vietnamese patients with BKT deficiency through screening program high
risk of inherited metabolic disease. This may be the highest ever reported
number of patients from a single country or ethnic group. To approach
diagnosis, adequate management and genotype of Vietnamese BKT
deficiency patients, we carried out the study “Study on phenotype, genotype,
outcome of BKT deficiency in Viet Nam”.
2. Objectives

1. Describe clinical and laboratory characteristics of BKT deficiency
patients.

2. ldentify T2 gene mutations of patients and some of family patients’
members of BKT deficiency.

3. Evaluate outcome of BKT deficiency.
3. Practical significance and contribution of the study

It is the first and comprehensive study on BKT deficiency in Vietnam. The
study had great practical significance with describing clinical and laboratory
characteristics of BKT deficiency to gain early diagnosis and adequate
management to reduce rate of mortality, consequences. Early diagnosis with
patients with asymtomatic are comfirmed by urinary organic aciduria by
GC/MS method. Vietnamese common and 5 novel mutations of T2 gene were
identified. It is the evidence for genetic counseling to reduce rate of mortality.

Results: Patients with BKT deficiency were the largest in 27 kinds of
inherited metabolic disease through high risk newborn screening in Vietnam
(14,4%) as well as in the total numbers of BKT deficiency patients
worldwide (40%). Clinical chracteristics was intermittent ketonic acidosis
and asymptomatic between episodes. Results of metabolic chemistry
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revealed 97,5% of elevated urinary 2MAA, 2M3HB, TIG and blood C5:1,
C5:0H. The common mutations of T2 gene were p.R208X, 1VS10-1g>c
(85%). 5 novel mutations of T2 gene were identified (IVS10-1g>c,
€.1032_1033insA, p.S284N, exon 6 -11del, ¢.163_167delinsAA). There was
a correlation between genotype and metabolic chemistry abnormalities:
clearly elevated urinary 2MAA, 2M3HB, TIG and blood C5:1, C5:0H in
null mutations; normal or mild elevated urinary 2MAA, 2M3HB in resdisual
mutations. The outcome was good: 83% complete recover, 7% mental
consequences, 12% death. 100% were normal growth rate according to
growth chart - WHO 2007.
4. Struture of the thesis

The doctoral thesis included 123 pages with: Introduction: 2 pages; Chapter
1 — Overview of research: 37 pages; Chapter 2: Subjects and Methods: 17 pages;
Chapter 3: The results of research: 33 trang; Chapter 4: Dicussions: 31 pages;
Conclusions: 2 trang; Suggesions: 1 pages. The thesis included: 26 tables, 8
charts, 25 figures, 120 references (07 Vietnamese, 113 English).

CHAPTER 1
OVERVIEW

1.1. History of the diseases

BKT deficiency disease was the first report by Daum et al. (1972),
who described it as an inherited disorder of isoleucine catabolism. Later, it
was found that this disease is not a defect of isoleucine degradation itself and
that the deficient enzyme is the K +- dependent MAT, which plays a major
role in ketone body metabolism (Robinson etal., 1979). Four thiolases: mt 3-
ketoacyl-CoA thiolase, MAT, cytosolic acetoacetyl-CoA thiolase, and PKT
have been identified in mammals (Miyazawa et al., 1981). It was also
reported that MA T acts on 2-methylacetoacetyl-CoA and that no activity
with this substrate is observed in fibroblast extracts of 3KTD patients
(Middleton and Bartlett, 1983). We made an immunochemical analysis of
the fibroblasts from several 3KTD patients and noted a defect in the
biosynthesis of MAT, and that the disease is molecularly heterogeneous
among the patients (Yamaguchi et al., 1988; Nagasawa et al., 1989). We
cloned and sequenced rat and human MAT cDNAs and also found, using
Northern-blot analysis, heterogeneity at the level of MAT mRNA expression
(Fukao et al., 1989; 1990). To examine this clinical disorder at the DNA
level, we cloned the human gene for this enzyme using the corresponding
human cDNA as a probe and the structure was analyzed. In 1992, T2 gene
was located in Chromsome 11. Urinary organic acid analysis by GC/MS
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technique was used to diagnose the disease in 1992. 1997 — 1998, the disease
was selected to expand newborn screening in some developed countries.
1.2. Inborn errors of metabolism

Inborn erros of metabolism (IEM) is called by Achibald Garrod to
describe molecular diseases result in defect of metabolism due to deficiency
of enzyme, receptor, carrier protein and cofactor. Until now, there are 1000
kinds of IEM. There are also many diferente classicfications of IEM but
pathobiochemical and pathophysiological mechanism classicfication are
practical signification.
1.3. BKT deficiency

Beta-ketothiolase deficiency is an autosomal recessive disease
caused by a defect of mitochondrial acetoacetyl-CoA thiolase (T2) due to
mutations of T2 (ACAT1) gene located in chromosome 11g22.3 to g23.1.
This disorder affects ketone body metabolism and isoleucine catabo- lism.
The disease was classicfied to organic aciduria as well as energy group.
1.4. Pathophysiological mechanisms
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Figure 1.1. Metabolism of BKT and pathophysiological mechanism

The pathophysiological mechanism is the interruption of isoleucine
metabolism result in elevated 2-methylacetoacetate (2MAA), 2-methyl
3hydroxybutyrate (2M3HB), tigglyglycine (TIG). 2MAA and 2M3HB may
damage brain. In addition, elevated body ketones (AcAc, 3HB) result in
metabolic acidosis. The metabolic acidosis condition affect on body
metabolism, then damage many organ functions. Interruption of ketolysis
cause defect of energy for Krebs cycle.



1.5. Etiology

The cause of BKT deficiency is mutations of T2 gene. Genetic
mutations resulting in T2 deficiency are highly heterogeneous: more than 70
different mutations/70 patients have been discovered, with no clear
genotype—phenotype correlation. Mutations of T2 were divided to 4 groups:
1) Missense mutations, 2) Nonsense mutations, 3) Frameship mutations, 4)
Slipcing site mutations. Base on enzyme activity, mutations were divided to
2 groups: null mutations and residual mutations. There were the correlation
between genotype and abnormalities of urinary organic acids and blood
acylcarnitine. Patients with null mutations were clearly elevated urinary
2M3HB, TIG, 2MAA and blood C5:1, C5:0H. Patients with residual
mutations were no special abnormalities for BKT deficiency.
1.6. Diagnosis

Base on clinical and laboratory characteristics, abnormalities of
special biochemistry, enzyme assay, molecular analysis.

- Clinical characteristics: Intermittent ketone acidosis with
asymptomatic between episodes. Age of acute episode was 5 — 24
months old.

- Severe acidosis with increased anion grap: pH < 7, low HCO3 (0-10
mmol/l), low BE — 30 mmol/l. Ketonuria.

- Increased urinary 2MAA, 2M3HB, TIG and blood C5:1, C5:0H.

- Decreased BKT enzyme activity.

- Mutations of T2 gene.

1.7. Management

Principle of management:
- Substrate limitation: Protein and lipid limitations to reduce 2MAA,
2M3HB, TIG and body ketone.
- Enzyme enhance: not yet.
- Detoxifying enhance: Glucose infusion to reduce body ketone. L.
Carnitine supplement to reduce 2MAA, 2M3HB, TIG. Bicarbornat or
venous-venous continuous hemofiltration if pH < 7,1.
- Deficient metabolites supplement: Glucose infusion for energy.

Acute management: Glucose infusion (8-10mg/kg/min), acidosis

correction, L.Carnitine supplement, symptomatic treatment: mechanical
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ventilation, vasodilations, hemofiltration, antibiotics, corrections of
electrolyte disorders...

Long-term management: diet therapy without excess of proteion and
lipid, L.Carnitine support, prevention of acute episodes, genetic counseling.
1.8. Prognosis

The disease is good prognosis. Most of patients were normal
development after acute episodes (80%). 50% patients had recurrent
episodes before 6 years old.

CHAPTER 2
SUBJECTS AND MEDTHODS

2.1. Subjects
41 patients were diagnosed of BKT deficiency.

Selective criterias: elevated urinary 2MAA, 2M3HB, TIG and/or T2
gene mutations.

Excluded criteria: patients without informations.

2.2. Time and location:

The study was carried out in Vietnam National Children’s Hospital in
the project of collaboration with Shimane Institute and Gifu Institute, Japan
from 01/2015 to 06/2016.

2.3. Methods
2.3.1. Design:

Past and future descriptive study for clinical and laboratory
characteristics and genotypes. Past and future analytic study for the outcome
after and before the management.

2.3.2. Sample size and technique:

Simple random sampling. Selecting sample as the study chart.
2.4. Variables and collecting:

- Collecting informations to study form.

Variables: clinical, laboratory characteristics in the 1st acute episode,
special metabolic biochemistry, molecular analysis, outcome.



High risk of IEM:

- Clinical characteristics: intermittent ketoacidotic episodes
with increased anion grap and asymtomatics between acute
episodes.

- Family history: Siblings with the same condition or diagnosis
of BKT deficiency or unknown mortality.

ﬂ

Routine laboratory investigations, GC/MS and Tandem Mass

U Comfirm (N = 41)

¢ Recommended Management (N=41)
e  Molecular analysis for patients and family members (32
patients, 27 parents, 8 silblings)

|

Collecting data and variables of acute episode (N = 39):
e  Clinical characteristics
e Laboratory characteristics
e Outcomes

Review every 6 months: N = 37
e Mental and physical development
e Recurrent episodes

Fig 2.1. Study Chart

Technique of collection variables:

Clinical examination by physician in Emergency Department and
Endocrinology-Metabolism-Genetics Department.

Evaluation of Denver test by psychologist in Psychology department.
Measurement of weight and height by nurses in Endocrinology-
Metabolism-Genetics Department.



- Routine laboratory by automatic biochemical analyzer in National
Children’s Hospital.

- Special biochemical analyzer as urinary organic acid and blood
acylcartine profile were done in Shimane Institute — Japan and Vietnam
National Children’s Hospital.

Molecular analysis were done in Gifu Institute — Japan.
2 5. Statistic analysis
Study data was analyzed by medical statistic in SPSS 16.0.

2.6. Ethical issues in researching:

Investigations is necessary and safety to diagnosis and management.

Families agreed with the study.

CHAPTER 3
RESULTS

3.1. Clinical and laboratory characteristics
3.1 1. Demographics.

41 patients from 34 different and unrelated families.

Average age of diagnosis: 16,3 = 12,4 months (3 days — 60 months).

39 patients had acute episodes with average onset age of 13,8 + 7,1
months (6 — 36 months).

Male/Female ratio: 23/18.

41/41 patients had normal mental development.

9/34 (26%) families had siblings who presented the same condition or
mortality (vomiting, dyspnea, coma).

3%

i 6- 12 months

i >12-18 months
> 18 - 24 months

& 36 months

Chart 3.1. Age frequency of 1% acute episode
Note: Onset age before 24 months old accounted 97,5%.
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3.1.2. Geoographic and ethnic characteristics

Most of patients were located in Northern and Northern Middle. 70%
patients lived around Hanoi. There were only 3 patients living in Southern
and Danang. All patients is Kinh ethnic.

Screening 2886 high risk subjects of IEM in Vietnam National
Children’s Hospital, we identified 284 patients including 27 different kinds
of IEMs. BKT deficiency is the most common accounted 14,4%.

3.1.3. Characteristics of 1st acute episode
Table 3.1. Time of diagnosis

Time of diagnosis N %
In the 1% episode 32 78,1
In the recurrent episode 6 14,6
Asymptomatic 3 7,3

Note: 38 patients were diagnosed when their symptoms appeared. 3
patients were diagnosed with asymptomatic by high risk screening of 21
siblings. 2 patients with asymptomatic are 3 and 8 years old in present.

Table 3.2. Clinical features of 1 episode

Symptoms N %
Tarchypena 39/39 100
Lethargy/Coma 39/39 100
Dehydration 38/39 97
Fever 36/39 92
Vomiting 35/39 90
Diarrhea 20/39 51
Cough/Snezing 15/39 39
Shock 6/39 15
Convulsion 6/39 15
Pneumonia 5/39 13

Note: Symptoms of initial infections appeared, then tarchypnea and coma.

87% patients presented coma with pain degree (P/AVPU), the rest of
13% presented deep coma (U/AVPU).

89% patients presented dehydration degree B, 11% of degree C
dehydration.
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Table 3.3. Laboratoty characteristics of 1* episode

Laboratory features N %
Leukocytosis 30/31 96,7
Acidosis 39/39 100
Ketonuria 36/36 100
Hyperglycemia 11/39 28
Hyperammonemia 7/31 22,5
Pumonary lessions in lung XR 5/37 13,5
Hypoposstasium 4/35 11,5
Brain lesion in CT Scanner/MRI 4/28 14,2
Hypoglycemia 3/39 8

Note: 100% ketontic acidosis, 28% hyperglycemia.
Table 3.4. Degree of acidosis

Degree of acidosis N Average
(Min — Max)
pH 39 7,07+0,11
(6,84 —7,26)
HCO3" (mmol/l) 39 33+19
(0-10,7)
BE (mmol/l) 39 -251+38
(-30--17)
Anion grap 39 26,719
(20 — 30)

Note: Severe aciodis pH 7.07 and increased anion grap.

Table 3.5. Degree of blood glucose

Glucose mau (mmol/l) N Average
(Min-Max)

Hypoglycemia <2,7 3 21+£04

1,7-2,6

Hyperglycemia> 11,1 11 178+35
13,5-23,3

Normal blood glucose 2,8 -11 25 6,1+19
3,9-10,3

Note: 11 patients with hyperglycemia.

Degree of hyperammonemia of 7 patients were mild with the
highest of 300 Mg/dl.

Degree of leukocytosis of 31 patients were 11 — 52 G/I, and 21
patients had > 20 G/1, 5 patients (16%) had > 40 G/1.
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Figure 3.1. Picture and brain MRI of Patient 19
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T2W

FLAIR

Lesions of bilateral head of
caudate nucleus  and
putamen: hyperintensity in
T2W  (white  arrow),
FLAIR  (green arrow);
Brain cortex lesions of
bilateral  parieto-occipital
lobes:  hyperintensity in
T2W (pink arrow), FLAIR
(red arrow), hypointensity
in TW1 (orange arrow);
Cerebral  atrophy  and
dilated ventricular system:
T2W, T1W, FLAIR.

Lesions of  bilateral

globus pallidus:
hyperintensity in  T2W
(white arrow),

hypointensity in FLAIR
(red arrow), hypointensity
in TW1 (blue arrow);
Lesions of substantia
nigra: hyperintensity in
T2W  (orange arrow),
hypointensity in  T1W
(green arrow)

Figure 3.2. Picture and brain MRI of patient 21



11

3.1.4. Special metabolic biochemistry characteristics
Table 3.6. Profile of organic aciduria and blood acylcarnitine

Dried blood | Fresh urine
Results (N=39) & urine | samples
(N=33) samples (N=8)
Elevated 2MAA | Undectected 7/8
GC/IMS Elevated 2M3HB | 33/33 (100%) 7/8
Elevated TIG 33/33 (100%) 7/8
Tandem Elevated C5:1 38/39 (97,4%)
Mass Elevated C5:0H | 38/39 (97,4%)

Note: 97,5% patients revealed elevated urinary 2M3HB, TIG and blood
C5:1, C5:0H. 7/8 patients revealed elevated urinary 2MAA in fresh urine
samples. Patient 38 was not abnormalities of organic acid profile.

Urinary 2M3HB degree is highest (550,78 mol /mol Creatinine), next to
2MAA (392,67 mol /mol Creatinine) and finally TIG (231,39 mol /mol
Creatinine). Urinary 2MAA, 2M3HB, TIG degree is higher in the acute
episodes than in the stable condition. Blood C5:0H va C5:1 degree is no
difference between in acute and stable condition. Patients 37 had the lowest
degree of urinary 2MAA, 2M3HB, TIG niéu and blood C5:1, C5:0H.

3.2. Results of molecular analysis

6% = p.R208X

= |VS10-1G>C
c.1A>G

m.1032_1033insA

®p.S284N
p.A410V

Ex6~11 del

Chart 3.2. Incidence of T2 gene mutations
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Note: 32 patients from 27 different families were molecular
analyzed and identified mutations in 100%. 8 kinds of different mutations
were identified. p.R208X is the most common mutation accounted 66%, next
to 1VS10-1g>c accounted 19%. Molecular screening for 8 siblings with
asymptomatic of patients 2, 4, 5, 15, we identified 2 older sister of patients 2
and brother of patients 15 with carrier of p.R208X and p.A410V. 27 parents
were carriers.

€.622C>T (R208X)

E
Z
S

= =

Binh thuong 176 88
CACG

CATG (Nla Ill)

Dot bién 123156, .88

Figure 3.3. Picture of p.R208X mutation of patients 3 & 4
Note: The above picture: direct sequencing of exon 7 of T2 gene.
The below pictures: Restricted enzyme by Nla 1l to identify mutation
p.R208X.
Table 3.7. Genotype of patients

STT Genotype N %
1 p.R208X/p.R208 X 16 50
2 p.R208X/1VS10 -1g>c 5 15,6
3 IVS10 -1g>c /IVS10 -1g>c 3 94
4 p.R208X/c.1032-1033 insA 2 6,3
5 c.1A>G/c.1A>G 2 6,3
6 | p.R208X/p.A410V 1 3,1
7 | p.R208X/p.S284N 1 31
8 IVS10 -1g>c/exon6-10 del 1 3,1
9 €.163-167del5ins2/p.R208X 1 31




There were not correlation between genotypes and acute episode
incidence, onset age, brain MRI, heperammonemia. Analysis of 5 pairs of
siblings found that different phenotypes occurred in the siblings.

Patients 37, 38 with genotype of c.1A>G/c.1A>G revealed no
abnormalities or mild elevated urinary 2MAA, 2M3HB, TIG and blood
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C5:1, C5:0H.

3.3. Management and outcomes
3.3.1. Acute and longterm management

Table 3.8. Management

Acute management (N=39) N %
¢  Glucose infusion 39 100
e Antibiotics 38 97
e Acidotic correction by Bicarbonat 37 95
e L. Carnitine 33 85
e Machenical ventilation 16 41
e Insulin 5 13
e Vasolidations 5 13
e  Continuous venous-venous hemofiltration 4 10
e Correction of electrolyte disorders 4 10
Longterm management (N=37) N %
e Diet therapy 37 100
e L. Carnitine 37 100

hours.

During hemofiltration of patients were 1 — 3 days. During
machenical ventilation were 2 — 3 days. During average acidosis was 37
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3.3.2. Outcomes

41 patients
Asymptomatic Symptomatic
2 39
After 1% episode
Recovered uneventfully Developmental delay Died
34 3 2
@ One died later
No Yes Missed follow-up
16 16 2
Recovered uneventfully Died
2

14 £
Figure 3.4. Outcome chart

Note: 2 patients are asymptomatic until 3 & 8 years old. 5 patients died
accounted 12,2 %. 3 patients were mental consequences. 34 patients
recovered after the 1¥ episodes. In present, 34 patients were follow-up. Mean
management during was 4,1 £ 2,7 year (0,5 — 10 year). Mean age was 5,6 +
2,7 years old (1 — 11 years old).

16 patients had recurrent episodes from 9 to 53 months old with mean
age of 22 months old. 2 patients had more than 3 recurrent episodes.

Table 3.9. Physical development compare with WHO growth chart 2007

Physical development N %
Heigh <-2SD 0 0
-2SD - 0SD 31 91,2
> 0SD - 2SD 3 9,8
Weight > 2SD 0 0
-2SD - 0SD 28 82,4
>0-2SD 6 17,6
Table 3.10. Metal development with test Denver II
Test Denver N %
DQ/IQ >80 32 914
DQ/1IQ 61 -79 0 0
DQ/IQ< 60 3 8,6
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Bang 3.20. High risk factors

Factors Chi Square Test b
Value Df
Sex 3,486 1 0,062
Convulsion 11,482 1 0,001
Shock 8,048 1 0,008
Machenical ventilation 7,042 1 0,013
Recurrent episodes 1,005 4 0,909
T student Test P
T Df
Onset age -0,083 37 0,934
During before admission -0,454 37 0,653
pH 0,297 35 0,768
HCO; -1,757 35 0,088
Blood Glucose 0,435 35 0,666
Blood Amoniac -2,216 29 0,035

Note: Convulsion, shock, machenical ventilation, hyperammonemia
were high risk factor with p: 0,001; 0,008; 0,013; 0,035, respectively.

| [} O O O

& [

Pt 20
12 and 36 months presentec PL8 Diagnosis at 3 days with
acute episodes asymptomatic

Patient family 8, 20
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Figure 3.10. Picture patients 8, 20.

Note: Sister had 2 episodes and diagnosis at the 2" episode. Brother
was diagnosed at 3 days by GC/MS screening. The brother was treated with
diet therapy and L.Carnitine and prenseted mild episode at 6 months old.

CHAPTER 4

DISCCUSION
4.1. Clinical and laboratory characteristics
4.1.1. Demographics

Onset age was 6 — 36 months old with mean age 13.8 months old. Age
group 6 — 12 months old was 60%, next to >12 - 24 months old was 37%.
The result is the same with the study of Fukao on 26 patients: mean age of
onset was 15 months old and the youngest and oldest patients was 3 day and
48 months old, respectively. There was only patient with onset age of 3 days
old in Spain. The age of onset was explained of metabolic physiology and
pathophysiological mechanism. Firstly, after the first 6 months of age,
maternal immunology starts reduced result in high risk of infections. And
infection is cause of triggers of acute episodes. Because mitochondrial
medium-chain 3-ketoacyl-CoA thiolase (T1) can partially compensate for T2
deficiency in ketone body utilization, ketogenic triggers such as prolonged
fasting, infection, and protein-rich foods play an important role in disrupting
this compensation and precipitating acute ketoacidosis. Such triggers are less
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likely to be present in the first 3-6 months after birth because of frequent
feeding, protective maternally acquired immuno- globulins, and the
relatively lower protein content of breast and ordinary milk formulas. On the
other hand, older children develop ketosis slower than younger children,
thanks to decreased energy demands relative to body weight coupled with
increased muscle mass, which provides a protein reservoir for
gluconeogenesis

All patients had normal mental development before the 1% episode. This
is the point to distinction of other organic acidurias as methylmalonic
acidemia, propionic acidemia, HSD10. Because most of patients of this
disorders had development delay.

Family history with siblings who presented the same condition or
unknown mortality or suffer from BKT deficiency was 9/34 (26%). Among
of them, 7 pairs of siblings were management in Natinal Children’s Hospital.

21 siblings with asymptomatic were screening by GC/MS to avoid
misdiagnosis of BKT deficiency. We identified 3 patients at 3 days, 55
months, 25 days old. Only patient 20 presented mild acute episode at 6
months old. Others patient 26 & 27 were still asymptomatic at 8 & 3 years
old. Other studies worldwide had many pairs of siblings suffered from BKT
deficiency. In the study of Thummler, the older sister was diagnosis at 2
years old and the brother was misdiagnosis until 6 years old when the 1%
episode occurred. In the study of Sarafoglou, older sister was diagnosis in
the 1* episode at 5 years old and the younger brother with asymptomatic was
diagnosis at 11 months old. In the study of Kose, the younger brother was
diagnosis at 8 months old and the 6 years old sister with asymptomatic was
diagnosed BKT deficiency.

Asking family history is important to help physicians have
comsumptive diagnosis and considerably management. Screening by
GC/MS may diagnose siblings with asymptomatic and help early
management to gain good outcomes. The disease was selected for expand
newborn screening because of newborn and asymptomatic diagnosis.
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Sex ratio is equal (Male/Female: 23/18), is the same of the study of
Fukao in 2001.

4.1.2. Geographic and ethnic characteristics

The diasese was identified in 16 provinces but most of them were in
Northern and Northern Middle (88%). Because Vietnam National Children’s
Hospital is the 1* metabolic service in Vietnam.

During 10 years, 2886 high risk of IEM were screening and 284 patients
identified 27 kinds of different IEM. BKT deficiency is the most common
41/284 (14,4%) in Vietnam and accounted 40% total patients worldwide.
This incidence is higher than in China with 8/1135 (0,7%) during 10 years of
18303 high risk screening. Expand newborn screening is not available in
Vietnam so it could not calculate the incidence. But we can estimate
incidence of 1/190.000 with base on newborn rate in 16 provinces during 10
years. This incidence is much higher than in North Carolina (1/313.000) and
in Minesota (1/232.000). We carried out the study to compare mutations of
T2 gene in Vietnamese and Dutch patients but identified different haplotype.
“Why was the incidence high’ is still question.

4.1.3. Characteristics of acute episode

39/41 patients presented acute episodes. Most of them were diagnosed
in the 1% episode (32/39 patients accounted 78,1%). The disease may be
misdiagnosed in the 1% episode if physicians have not got IEM knowledge.

The first clinical manifestions were symptom of respiratory and
instestinal infections. Only patient 18 hadn’t got infection but eaten protein
at 9 months old. After 2-3 days of infections, patients presented tarchypnea
(100%), dehydration (100%), then coma (100%). Some patients presented
convulsions (15%), shock on admission (15%). So, pneumonia, severe
diarrhea, meningitis and shock — septicemia were diagnosis on admission.
Patients presented coma with degree of P/AVPU (87%) and 13% patients
presented U/AVPU. Dehydration B is the most common (89%), 11%
patients presented dehydration C.
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Characteristics of routine laboratory were severe metabolic acidosis
(100%) with average pH of 7,07 and average increased anion grap of 26. The
result is the same of Fukao’s study: pH 6,76 — 7,3. This is distinction with
nephrotubular acidosis, diarrhrea acidosis (normal anion grap). Severe
acidosis with normal or mild elevated blood lactate is distinction with shock
— septicemia (33/39). 100% patients presented ketonuria and 11 patients
presented hyperglycemia with blood glucose 13,5 — 23,3 mmol/l. All 11
patients revealed normal HbA1C and blood glucose became normal rapidly
with insulin injection during 3 — 8 hours/without insulin. In addition, these
patients didn’t need insulin to remain normal blood glucose. The
hyperglycemia in acute episode was explained that the response to stress
results in increased cortisol, catecholamine hormone.

We had 3 patients with mild hypoglycemia 1.7 — 2.3 mmol/l and no
hepato-spleenomegaly, mild hyperlactatemia. This is distinction with
glycogen storage which present ketontic acidosis, hyperlactatemia, keton,
hypoglycemia, hepato-spleenomegaly.

Most of patients revealed leukocytosis (68% leukocyte > 20 G/I, 16% >
40 G/l) of severe infections in acute episodes. This is triggers of acute
episodes.

4/28 patients presented brain damage in MRI and CT Scanner. Among
of them, patients 1 and 33 presented hypodensity in CT Scanner.
Consequense of patient 1 after the episode was hypotonic, development
delay.

Patient 19 presented lesions of bilateral head of caudate nucleus and
putamen: hyperintensity in T2W, FLAIR; Brain cortex lesions of bilateral
parieto-occipital lobes: hyperintensity in T2W FLAIR, hypointensity in
TWL1,; Cerebral atrophy and dilated ventricular system: T2W, T1W, FLAIR.
Clinical symptoms of patient 19 were dystonia, development delay.

Patient 21 presented lesions of bilateral globus pallidus: hyperintensity
in T2W, hypointensity in FLAIR, hypointensity in TW1; Lesions of
substantia nigra: hyperintensity in T2W, hypointensity in T1W. Clinical
symptoms of patient 20 were hypertonia, development delay.
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All brain damage of BKT deficiency in other study were lesions of
bilateral head of caudate nucleus and putamen, bilateral globus pallidus.
There were correlation between brain lesions and shock/pulmonary
hypertension, convulsions, p <0,05. In addition, metabolitess 2MAA,
2M3HB, TIG may damage brain. Lesions of bilateral head of caudate
nucleus and putamen, bilateral globus pallidus could be in other IEM so not
special for BKT deficiency.

4.1.4. Special metabolic biochemistry characteristics

97,5% patients revealed elevated urinary 2M3HB va TIG. 7/8 patients
revealed elevated 2MAA in fresh urine samples. Urinary 2MAA, 2M3HB,
TIG degree were clearly higher in acute episode than in stable condition.

97,5% patients revealed elevated blood C5:1 (tiglylcarnitine) va C5:0H
(2-methyl-3-hydroxybutyrylcarnitine) by Tandem Mass. There were no
difference between acute episode and stable condition.

Only patient 38 had normal organic aciduria and blood acylcarnitine.
Patient 37 had mild elevated urinary 2M3HB, 2MAA & TIG and the lowest
blood C5:1, C5:0H with 0,05 va 0,8 mol/l.

Null mutations or remain function mutations of T2 gene affect on
abnormalities of organiac aciduria and blood acylcarnitine profile.

4.2. Results of molecular analysis

32 patients from 27 different families were analyzed T2 gene and
identified mutations with 100%. 8 different kinds of mutations were
identified p.R208X, IVS10-1g>c, c.1A>G, c¢.1032_1033insA, p.A410V,
p.S284N, x04 doan exon 6 -11, ¢.163_167delinsAA with 66%, 19%, 6%,
3%, 1,5%, 1,5%, 1,5%, 1,5%, respectively. In our study, muations
distribution was 3 point mutations ¢.1A>G, p.A410V, p.S284N result in
missen mutation (37,5%); 1 point mutation p.R208X result in nonsense
mutation (12,5%); 1 point mutation IVS10-1g>c result in splice site
mutation to exon 11 (12,5%); 1 insert mutation result in frameship mutation
(12,5%); 1 large deletion exons 6 — 11 (12,5%); 1 nucleotide del and insert
€.163_167 delinsAA result in deletion of Phenylanine, Leucine and insert of
Lysine (12,5%).
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In our sudy, most of mutations were point mutation 62,5%, the same
with other studies. But, we identified common mutations p.R208X (66%)
and 1VS10-1g>c (19%) in Vienamese patients. Mutation p.R208X were
identified in Dutch, Chinese patients. In 2016, one more common mutation
p.M193R (c.578T>G) was identified in Indian patients.

5 novel mutation were identified: IVS10-1g>c, ¢.1032_1033insA,
p.S284N, del exon 6 -11, ¢.163_167delinsAA.

There were 9 genotypes and 8/9 null mutations. Only homozygous
c.1A>G was remain function mutation. There were correlation between
genotype and abnormalities of organic aciduria and blood acylcarnitine
profile. 30 patients with null mutations revealed clearly elevated urinary
2MAA (6 — 1091 mol /mol Creatinine), 2M3HB (132 — 1738 mol /mol
Creatinine) and TIG (40 — 580 mol /mol Creatinine ), blood C5:1 (0,08 —
15,56 umol/l) and C5:0H (0,8 — 13,8 umol/l). While, 2 patients with mild
mutation reveaved normal or mild abnormalities in organic aciduria and
blood acylcarnitine profile.

There were no correlation between genotype and onset age, recurrent
frenquency, brain lesions, convulsion, hyperammonemia.

4.3. Management and Outcomes
4.3.1. Acute and longtrem management

39 patients were acute management. Acute management included
Glucose infusion, acidosis correction by bicarbonat, L.Carnitine, antibiotics,
ventilation, vasolidations, hemaofiltration, insulin, correction of electrolyte
disorders with 100%, 95%, 85%, 97%, 41%, 13%, 10%, 13%, 10%,
respectively.

Glucose infusion with 8 — 10 mg/kg/phat were for all patients. Glucose
infusion is the most important for the disease because it inhibited ketolysis
from lipid to reduce ketoacidosis.

Insulin infusion was indicated for 5 patients with blood glucose over 15
mmol/l. Blood glucose became normal range for short time 2 — 8 hours
despite of insulin stop and continuous glucose infusion. This is distinction
with ketoacidotic diabetes during admission first hours.
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Acidotic correction by Bicarbonat were indicated in 37/39 patients. 37
patients presented pH < 7.1 on the admission. The rest 2 patients were not
indicated by Bicarbonate because of pH > 7.2. This was the 1% treatment
because mainly symptom was acidosis on the admission. Average recovered
acidotic during was 37,4 gio.

Most of them admitted on the severe condition which needed intensive
care as machenical ventilation (16 patients), vasolidattions (5 patients),
hemofiltration (4 patients).

All patients recovered after the episodes were treated with diet therapy,
L.Carnitine, prevent from acute episode.

4.3.2. Outcomes

Recovered rate after the 1% episode was 83%. 2 patients with
asymptomatic were 3 and 8 years old. Average follow-up during was 4.1
year (0.5 — 10 years). Average present age was 5.6 years (1-11 years).
Mortality rate was 12,2%. Consequence rate was 7,3%.

Recurrent rate was 48% (16/34 patients). Among of them, 69% had 1
recurrent episode (11 patients), 19% had 2 recurrent episodes (3 patients),
12% had 3 - 5 recurrent episodes (2 patients). All triggers were irespiratory
and intestinal infections. Recurrent age was 9 - 53 months old with average
of 22 months old and recurrent episodes were gradually decreased with age.

Physical study of 34 patients with BKT deficiency is the largest study.
Physical development of 34 patients (height and weight) were in normal
range from - 2 SD to 2 SD compared with WHO 2007 growth chart.
Although, 91,2 % patients’ height were — 2 SD to 0 SD and 82,3% patients’
weight were - 2 SD to 0 SD. Some patients were nearline of normal range in
some others study. So, the control of diet therapy is important to keep
patients normal development but avoid acute episodes.

Convulsion, shock, ventilation and hyperammonemia were high risk
factors in acute episode with p 0.001; 0.008; 0.013; 0.035 respectively. 2
patients were pregnancy and healthy children.
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CONCLUSSIONS

With 41 patients BKT deficiency during 10 years, we had some
conclussions:

1. Clinical and laboratory characteristics of BKT deficiency patients

- The disease is the most common IEM in Vietnam (14,4%) and the
biggest numbers of total patients worldwide (40%).

- 95% patients presented acute episodes with characteristics of 97,5%
patients occurred at 6 — 24 months old, average onset age was 13.8 months
old; 97,5% triggers were respiratory and intestinal infections; 100%
manifested severe acidotic symptoms as tarchypnea, coma, pH < 7.1,
increased average anion grap of 26 and ketonuria.

- Special biochemical characteristics: 97,5% were elevated urinary
2MAA, 2M3HB, TIG and elevated blood C5:1, C5:0H.

2. Results of molecular analysis

- 32/41patients were analyzed T2 gene and identified mutations. 8
mutation alelles with p.R208X, 1VS10-1g>c, ¢.1A>G, ¢.1032_1033insA,
p.A410V, p.S284N, x04 doan exon 6 -11, ¢.163_167delinsAA.

- Common mutation p.R208X (66%) and 1VS10-1g>c (19%) were
identified.

- 5 novel mutations were identified 1VS10-1g>c, ¢.1032_1033insA,
p.S284N, del exon 6 -11, ¢.163_167delinsAA.

- 8/9 genotye were null mutations which revealed elevated urinary
2MAA, 2M3HB, TIG and blood C5:1, C5:0H.

- There were not correlation between genotype and appearance of
episodes, severe acute episodes, onset age.

3. Outcomes

- Good outcomes: 83% recovered, 7% mental consequences,12%
mortality. 100% height and weight were normal range compared with WHO
2007 growth chart. 47% patients were recurrent at under 53 months old.
Convulsion, shock, ventilation, hyperammonemia were high risk factors with
p 0.001; 0.008; 0.013; 0.035, respectively.
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RECCOMENDATION
BKT deficiency should be a disease in expand newborn screening or
high risk IEM screening to get early diagnosis to reduce mortality and
consequence rate
Organization of training courses for IEM to avoid misdiagnosis and get
acute management for BKT deficiency in local hospital to reduce travel

for patients and their families.
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