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TOM TAT

Muc tiéu: Danh gla két qua thor nghlem cla hé
thong phan mém tri tué nhan tao hd “trg sang loc
thalassemia trudc sinh tai Bénh vién Phu san Trung
ugng va Bénh vién Phu san Ha Néi. Dé“l tugng va
phuong phap: 244 ho so benh an goéom t|en sUr lién
quan thalassemia, két qua xet nghlem gom xét
ngh|em tong phan tich t€ bao mau ngoai vi (|t nhat 4
chi s6 HGB, MCV, MCH, RDW); xét nghiém sat, ferritin
huyét thanh; Két qua dién di (néu cd) cua cac cap vg
chong thai phu dén kham tai Bénh vién Phu san Trung
uong va Bénh vién Phu San Ha N6i, dugc phan tich
b(’ji hé th6ng phan mém tr|' tué nhan tao (gébm phan
mém hoc may va phan mém hé tri thic chuyén gia).
Két qua dugc so sanh vdi két qua xét nghiém gen
chdn doan bénh thalassemia b&ng phu‘dng phap
Stripassay. K&t qua: Hé thdng phan mém tri tué nhan
tao trong sang loc thalassemia trudc sinh cho két qua
chinh xac, d6 nhay trén 95%, gia tri du bao dugng
tinh dat tir 94,29% dén 100%. Két luan: Hé thong
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phan mém tri tué nhan tao sang loc trudc sinh
thalassemia la cong cu hitu ich va hiéu qua cao trong
dy doadn nguy cd mang gen bénh cla cac cap vg
chong thai phu. Ky vong dugc su dung nhu la mot
cobng cu ho trg trong qud trinh sang loc va chan doan
bénh, cling vdi cac phudng phap truyén thong.

T khoa: Thalassemia, sang loc truGc sinh, tri
tué nhan tao, phan mém hoc may, phan mém hé tri
thiurc chuyén gia.

SUMMARY

RESEARCH ON THE APPLICATION OF
ARTIFICIAL INTELLIGENCE IN PRENATAL

SCREENING FOR THALASSEMIA

Objective: Evaluate the test results of the
artificial intelligence software system designed to
support thalassemia antenatal screening at the
National Hospital of Obstetrics and Gynecology and
the Hanoi Obstetrics and Gynecology Hospital.
Subjects and methods: 244 medical records
including history of thalassemia, laboratory results
including Complete blood count (at least 4 indices of
HGB, MCV, MCH, RDW); serum iron, ferritin; Hb
electrophoresis results (if any) of pregnant couples
visiting the National Hospital of Obstetrics and
Gynecology and Hanoi Hospital of Obstetrics and
Gynecology, analyzed by an artificial intelligence
software system (machine learning software and
expert knowledge system software). Results were
compared with the results of genetic testing for
thalassemia using Stripassay method. Results: The
artificial intelligence software system in antenatal
thalassemia screening achieved high accuracy, with a
sensitivity over 95% and specificity ranging from
94.29% to 100%. Conclusion: The AI software
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system for prenatal screening of thalassemia is a
useful and highly effective tool in predicting the risk of
carrying the disease gene of pregnant couples. It is
expected to become an important supporting tool to
help clinicians in thalassemia screening in the future.

Keywords: Thalassemia, prenatal screening,
artificial intelligence, machine learning software,
expert knowledge system software.

I. DAT VAN DE

Thalassemia hay tan mau bam sinh 1a bénh
thi€u mau di truyén Idn gay ra do dot bién cac
gen quy dinh tdng hdp cac chudi globin trong
hong cau dac trung bdi su thi€u hut mot loai
chuoi polypeptid va du thira tugng dGi cac chudi
con lai [1]. Tuy theo thé bénh ma biéu hién da
dang 8 mirc d6 khac nhau tir nhe (khdng cé biéu
hién 1am sang) dén nang va rat nang. Tai Viét
Nam cé téi 13,8% dan s6 hién dang mang gen
bénh bén canh nhitng truéng hgp da xac dinh
mac bénh tai cong dong [2]. Nhu vay, mubn
ngan chan su lan truyén cla bénh trong quan
thé, bién phap sang loc tim ra ngudi mang gen
bénh la vo cung can thiét, vdi trong tam la sang
loc trén cac cap vg chong thai phu dén kham
thai. Muc tiéu cla viéc sang loc Ia nham tim ra
nhitng cdp vd chong cd nguy cd mang gen
thalassemia (thé nhe hodc thé im 18ng) va sinh
ra nhitng da tré mac bénh, tir d6 c6 thé chan
dodn sém thai mac cac thé ndng & tudi thai nho
dé tu van cho gia dinh tién lugng tinh trang thai
nghén, Iuva chon cac bién phap can thiép phu
hgp, dong thoi tu van cac phuong phap du
phong cho nhirng lan mang thai sau.

Xét nghiém tong phan tich t& bao mau ngoai
vi [a budc dau tién, dong vai tro trung tém trong
quy trinh sang loc. Cac nghién clu trén thé gidi
va tai Viét Nam déu Ilua chon nguGng gia tri cho
02 chi sb thé tich trung binh hdng cau (MCV) va
lugng huyét sdc td trung binh hdng cau (MCH)
dé tim ra ngudi c6 nguy ¢ cao mang gen bénh.
Nhung khé cé mét nguBng chung t6i uu ap dung
cho tat ca cac doi tugng sang loc, dan dén bo
s6t va rat nhiéu ngudi mang gen, nhat la nhitng
thé im Idng khdng cd biéu hién 1am sang va xét
nghiém huyét hoc. Cac chi s trén can dugc khai
thac st dung hiéu quad hon dé téng hiéu qua
sang loc thalassemia. Trong khi tri thong minh
nhan tao cho phép phan tich nhiéu chi s6 va yéu
t8 lién quan, c6 thé chi tir cac xét nghiém dan
gian dé dua ra du bdo mot cach tu ddng vé nguy
€0 mac thalassemia. Trén thé gigi dd c6 mo hinh
danh gia sang loc trudng hgp thalassemia mang
lai hiéu qua cao nhu: mé hinh Navies Bayes do
AlAgha va cs (2018); m6 hinh MLP cla Chidozie

Egejuru va cs (2019), mé hinh SVM cua Yi-Kai Fu
va cong su (2021) [3,4]. Tuy nhién do tinh
chiing toc va dia du clia bénh clng cac déc diém
khac nhau vé thé trang, chi sd gilta ngudi Viét
Nam va cac quan thé khac trén thé gidi, cac md
hinh trudc d6 kho cé thé dp dung cho ngudi Viét
Nam. Vi vay, nghién citu mé hinh tri tué nhan
tao trong tam soat thalassemia trudc sinh [an dau
tién dugc nghién cru tai Viét Nam la can thiét.

I1. DOI TUONG VA PHUONG PHAP NGHIEN CU'U

1. B6i tu'gng nghién ciru: 244 ho sg bénh
an clia cac cap vg chong thai phu dén tham
kham va lam sang loc trudc sinh bénh
thalassemia tai Bénh vién Phy san Trung udng
va Bénh vién Phu San Ha Noi. Thong tin thu thap
cla thai phu va/hodc chong bao gém:

- Tién si lién quan dén bénh thalassemia:
tién s sinh con mac thalassemia va/hodc phu
thai va/hodc gia dinh c6 ngusi mang gen
thalassemia.

- K&t qua xét nghiém téng phan tich t& bao
mau ngoai vi (it nhat 4 chi s6 HGB, MCV, MCH,
RDW).

- Két qua xét nghiém sét, ferritin huyét thanh.

- Két qua dién di (néu cod)

- K&t qua xét nghiém gen gém: thé bénh,
ki€u gen.

- Théng tin chung: Tén, tudi, ndm sinh, dia
chi, dan toc.

Tiéu chudn loai tra: Nhitng ddi tugng
khong cé du két qua xét nghiém mau véi 4 chi
sO can thiét (HGB, MCV, MCH, RDW) va/hodc c6
cac yéu t6 lam nhieu két qua xét nghiém huyét
hoc nhu cac bénh ly ung thu, viém nhiém man
tinh, bénh vé than, cac bénh truyén nhiém, bénh
viém khdp dang thap, bénh Crohn va cac bénh ly
huyét hoc khac dugc loai khoi nghién ctu.

2. Phuong phap nghién ciru

Thiét ké& nghién clru: M6 ta cat ngang va
hoi ciru két qua xét nghiém trén 244 ho so thai
phu va/hoac chong.

Hé thong phan mém tri tué nhan tao:
Hé thong phan mém tri tué nhan tao dugc sir
dung gébm phan mém hoc may va phan mém hé
tri thirc chuyén gia, do nhém nghién cltu cla
PGS.TS. Tran Danh CuGng, PGS. TS. Nguyen Thi
Trang va cs. xay dung tir dé tai cap nha nudc
“Nghién cru (ng dung tri tué nhan tao tam soat
mot sd bat thudng bdm sinh hay gdp tai Viét
Nam” thudc chuong trinh KC4.0/19-25.

Quy trinh thuc hién: S dung phan mém
sang loc truc sinh bénh thalassemia d€ du’ doan
kha ndng mdc bénh cho cac trudng hgp dua trén
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thong tin vé tién sur, két qua xét nghiém gom xét
nghiém téng phan tich t&€ bao mau ngoai vi; xét
nghiém sét, ferritin huyét thanh; két qua dién di
(néu cd). Sau do dem so sanh vdi két qua xét
nghiém gen chan doan bénh thalassemia bang
phuong phap Stripassay.

Phan tich két qua: Xac dinh do nhay va do
dac hiéu cta hé théng phan mém tri tué nhéan
tao dugc tinh toan bang phuong phap théng ké.

3. Pao dirc nghién cilru: Tat ca cac doi
tugng nghién cttu dugc giai thich vé muc dich va
nodi dung clia nghién clfu rd rang. Qua trinh thu
thap thong tin chi dugc ti€n hanh khi cd su dong
y cla d6i tugng. Thong tin thu thap chi dugc
phuc vu cho muc dich cla nghién ciu khéng

nham muc dich khac. B&i tugng cé quyén ding
tham gia hoac rut khoi nghién clru tai bat ky thdi
diém nao.
Il. KET QUA NGHIEN cUU

Tong quan két qua: Hé théng phan mém
tri tué nhan tao trong sang loc trudc sinh
thalassemia cho két qua chinh xac cao trén 95%
(95,54% do6i v8i hé tri thdc chuyén gia va
95,08% doi vGi hé hoc may). VGi do nhay tu
96,02% dén 100%, cung gia tri du bao duadng
tinh tir 94,29% dén 100%.

Chi tiét két qua:

1. Két qua thdr nghiém tai Bénh vién Phu san
Trung uong va Bénh vién Phu San Ha Noi

Bang 1: Két qua sang loc cua hé théng phian mém tai Bénh vién Phu san Trung uong

va Bénh vién Phu san Ha Noi

Két qua chung cua 2| Bénh vién Phu san | Bénh vién Phu san
bénh vién Trung uong Ha Noi
e Hé tri thirc ... |Hé tri thirc . |Hé tri thi'c| Hoc
Phan mem chuyén gia| 1€ MaY | chuvan gia| 1€ MaY | chuyan gia| may
Duang tinh that 171 193 132 139 39 54
Duang tinh gia 8 4 8 4 0 0
Am tinh that 22 39 22 39 0 0
Am tinh gia 1 8 1 5 0 3
Chua xac dinh nguy cd 42 0 24 0 18 0
D0 nhay (%) 99,42% 96,02% 99,25% 96,53% 100% 94,74%
D0 dac hiéu (%) 73,33% 90,70% 73.33% 90,70% / /
D0 chinh xac (%) 95,54% 95,08% 94,48% 95,19% 100% 94,74%
Gia tri du’ bao dugng tinh (%)| 95,53% 97,97% 94,29% 97,20% 100% 100%
Gia tri du bdo am tinh (%) 95,65% 82,98% 95.65% 88,64% / 0%
N 244 244 187 187 57 57

Nhan xét: Do chinh xac cla phan mém hé
tri thirc chuyén gia va hé hoc may lan luct la
95,54% va 95,08%, gia tri du bao duong tinh
cta hé tri thirc chuyén gia va hé hoc may lan
lugt dat 95,53% va 97,97%. DG6i véi phan mém
hé tri thirc chuyén gia, trong s6 244 ho sd c6 42
trudng hop xét nghiém xac dinh mang gen
nhung may khong dua ra két luan vé nguy cd do

khong cung cap dugc chi s6 ferritin (24 trudng
hgp tai Bénh vién Phu san Trung ucng va 18
trudng hgp tai Bénh vién Phu San Ha NGi). Vdi
tirng bénh vién, d6 chinh xac cla phan mém hé
tri thirc chuyén gia va hé hoc may tai Bénh vién
Phu san Trung udng lan lugt la 94,48% va
95,19%, trong khi két qua dat dugc la 100% va
94,47% tai Bénh vién Phu san Ha Noi.

2. So sanh du bao ciia phan mém hé tri thirc chuyén gia va hé hoc may
Bang 2: So sanh két qua cua hai phan mém tai 02 bénh vién

Mang gen (n = 201) Khong mang gen (n = 43)
Hé tri thirc A . Hé tri thirc A .
chuyén gia He hoc may chuyén gia He hoc may
Nguy cg cao 171 166 8 4
Nguy cd thap 1 6 22 26
Khong cd xét nghiém ferritin 29 29 13 13

Nhan xét: Dua vao bang 1 va bang 2, trong
201 trudng hgp mang gen, phan mém hé tri thirc
chuyén gia phat hién chinh xac 171 trudng hgp
(dat 85,07%), trong khi dé phan mém hoc may
phat hién chinh xac 193 trudng hdp (dat
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96,02%). Su khac biét trén do phan mém hé tri
thirc chuyén gia can két qua xét nghiém ferritin
la chi s& bat budc phai cung cap, khién bd sét 29
trudng hdp mang gen khoéng cé chi s6 ferritin.
Nhu vay chi s6 ferritin la thong tin quan trong
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can cung cap cho phan mém hé tri thirc chuyén
gia, phan mém td ra kém hiéu qua hon dang ké
khi thi€u chi s6 nay. Trong khi dé, vdi hé hoc
may ferritin la mot trong cac chi s6 ddng gdp vao
qua trinh phan tich, va két qua van dugc dua ra
khi thi€u chi s nay.

Tuy nhién, khi xem xét 172 truGng hdp
mang gen cd du két qua xét nghiém téng phan
tich t&€ bao mau ngoai vi va xét nghiém ferritin,
hé thdng tri thdc chuyén gia két luan dung 171
trudng hdp (chinh xac 99,42%), trong khi hé hoc
may két luadn dung 166 trudng hgp (chinh xac
96,51%). Phan tich 5 trudng hgp khac nhau giira
2 phan mém, ca 5 trudng hgp déu co chi s6 MCV
< 80 fL va/hodc MCH < 28 pg va ferritin > 13
ng/ml nén déu dudc phan mém hé tri thdc
chuyén gia du bao la nguy cd cao, nhung lai
dugc hé hoc may du bao la nguy cg thap. Nhu
vay néu dudc cung cap chi sb ferritin vao qua
trinh sang loc thi d6 nhay clia hé tri thi'c chuyén
gia sé tang lén rat cao. Do do, vdi trudng hgp
khong cé két qua xét nghiém ferritin thi hé hoc
mdy sé dugc uu tién s dung d€ du doan kha
ndng mac bénh.

DGi vGi 43 trudng hdp khong mang gen bao
gom ca trudng hgp khdng co chi so ferritin, hé tri
thirc chuyén gia du bao ding 22 trudng hdp,
thap han hé hoc may véi 39 trudng hgp (bang
1). Tuy nhién, ca khi chi xem xét truGng hop co
ferritin, kha nang du bao dung cia hé hoc may
van cao han véi 26 trudng hgp, nhiéu han 4
truGng hgp so vdi hé thong tri thifc chuyén gia.
Ca 4 trudng hgp déu la cac trudng hgp thiéu
mau va/hoac MCV < 80 fL va/hodac MCH < 28 pg
va co ferritin > 13 ng/ml dugc hé tri thifc chuyén
gia du bao la nguy cc cao nhung da dugc hé hoc
may du bdo la nguy cd thap. Nhu vay, hé hoc
may khong danh gia cac chi s6 theo cac nguGng
thong thudng ma tu hoc hdi dugc tir nguon dir
liéu thuc t€ dugc huan luyén va du bao chinh
Xac cho cac trudng hgp nay, khién cho do dac
hiéu cta hé hoc mdy cao hon mdt cach ndi bat
so VGi hé tri thirc chuyén gia.

Ngoai ra 1 truéng hdp am tinh gia dudc ca
02 phan mém két ludn nguy cd thap. Thai phu
khong cd tién sur lién quan tdi thalassemia, tat ca
cac chi s6 & nguGng binh thudng nhung két qua
xét nghiém gen cho thay thai phu mang dot bién
di hdp —alpha 3.7. Pay ciing la truGng hgp am
tinh gid duy nhat cia phan mém hé tri thic
chuyén gia.

V@i cac trudng hgp duong tinh gia, xem xét
phan mém hé tri thirc chuyén gia c6 8 trudng
hgp, va déu co it nhat 1 trong 3 bat thudng

trong cong thirc mau bao gom thi€u mau, hong
cau nhd, héng cau nhd nhudc sac, nhung déu
khong thiéu sat. Trong dé c6 2 trudng hgp dugc
két ludn 1a “Cé nguy cd mac thé ngudi lanh
mang gen bénh (a-thalassemia carrier) hoac B-
thalassemia mat doan”, tdc ¢ nguy co mang
gen nhung két qua xét nghiém gen khong phat
hién dét bién. 8 ca nay cd thé thuc su' 1a ducng
tinh gia, nhung cling cd thé do gidi han cla xét
nghiém hién nay chua thé xac dinh dugc hét cac
dot bién xay ra & cac trudng hgp nay.

IV. BAN LUAN

Hé thong phan mém tri tué nhan tao trong
sang loc thalassemia trudc sinh da s dung mo
hinh hoc sdu (deep learning) va mé hinh logic
m& (fuzzy logic) d€ xdy dung md hinh du’ doan
[an lugt tao ra phan mém hé hoc may va hé tri
thi'c chuyén gia. Trong do, phan mém hé tri
thi'c chuyén gia xay dung dua trén nhiing tri
thirc dugc chon loc tir cac chuyén gia dau nganh
trong linh vuc sang loc trudc sinh, siéu am, san
khoa va di truyén hoc. Do d6 dé giai thich cach
mo hinh dua ra két qua du doan. Mac du vay,
xay dung tap luan trong phan mém nay lai gap
kho khan do can su phan tich va thong nhat gilia
cac chuyén gia. Ngugc lai, phan mém hoc may
du ty rdt ra quy luat riéng nhung khong giai
thich dugc tai sao cd quy ludt db, ddi lai dudc
tich hgp c6 thé bao phu rét nhiéu thong tin va
chi s6 xét nghiém du la don gian, van dua ra
dugc két luan du thi€u mét s6 chi s6 dua vao;
trong khi d6i véi hé tri thic chuyén gia, mot s6
chi s6 la bat budc... Uu diém cta phan mém hoc
may la khéng ngirng thu thap thém thdng tin dé
slfa d6i quy ludt do phan mém tu rdt ra va ngay
cang hoan thién, théng minh, chinh xac han. Khi
so sanh phan mém hé tri thifc chuyén gia va hé
hoc may, nhan thdy do nhay cua hé tri thic
chuyén gia cao han hé hoc may khi dudc cung
cap két qua xét nghiém ferritin. Khi khéng cé chi
sO ferritin, phan mém hé tri thi'c chuyén gia
giam dang k& khad nang phat hién ngudi mang
gen thalassemia. Ngudc lai, hé hoc may luén cé
do dac hiéu cao hon hé tri thi'c chuyén gia.
Nhiing trudng hgp alpha thalassemia thé an, hé
hoc may van chua thuc su phat hién tot vi
nhitng trudng hop nay khdng cé bi€u hién 1am
sang ciling it bién ddi két qua cong thic mau
ngoai vi. Pat ra yéu cau md rong hudn luyén hé
hoc may trén bd dif liéu I16n hon d&€ hoan thién
dd chinh xac, hiéu qua hon trong kha ndng phat
hién cac th€ bénh an. Su bd sung, ho trg nhau
tlr 02 phan mém nay cd thé dua ra két qua cd
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do tin cay cao, giup ich trong viéc danh gia nguy
cd mang gen thalassemia. M6 hinh can dugc
xem xét st dung nhu la mét cong cu ho trg
trong viéc chan doan bénh, cling véi cac phuong
phap truyén thong.

Hé thGng phan mém dugc tién hanh nghién
ctu, xay dung trén bd co sé dir liéu cla cac cap
vg chong thai phu dugc thuc hién tai Bénh vién
Phu San Trung udng. Va dugc thir nghiém két
qua trén so lugng nho trudng hgp clia Bénh vién
Phu San Trung udng, Bénh vién Phu San Ha Noi.
Khi chia nhé thir nghiém tai 2 Bénh vién Phu San
Trung uong va Bénh vién Phu San Ha Néi thi do
chinh xac lai giam so vdi thr nghiém chung trén
ca 2 bénh vién. Su khac biét nay do s6 lugng thu
thdp cla moi bénh vién con it nén két qua chua
phan anh dugc chinh xac d6 tin cdy cia phan
mém trong kha ndng du doan. Do dd, nghién
ctu can dudc mé rong han trén mot ¢ mau I6n
va nhiéu bénh vién khac nhau tai Viét Nam nham
khang dinh lai tinh chinh xac, kha ndng ap dung
cling nhu nhan biét cac uu, nhugc diém; can c
lam hiéu chinh, hoan thién hé théng phan mém
sao cho hiéu qua dem lai la cao nhat.

Vé téng quan, cac nghién cltu trén thé gidi
déu cho thay tiém nang I6n cla cac moé hinh du
doan sir dung tri tué nhéan tao (AI) ap dung
trong sang loc trudc sinh bénh thalassemia. Nam
2003, S.R. Amendolia va cong su da tién hanh
nghién clu cac moé hinh tri tué nhan tao bao
gom KNN, SVM va MLP trong sang loc ngudi
mang gen thalassemia véi ngugi binh thudng va
phén loai thé a, B thalassemia. Bdng cach s
dung 4 chi s6 quan trong la HGB, RBC, MCV,
HCT cho thdy MLP cd kha nang phan biét ngugi
binh thudng va nguGi mang gen véi do nhay
92% va do dac hiéu 95%. M6 hinh KNN cho kha
nang phan biét nguGi mang gen alpha-
thalassemia va beta-thalassemia cao nhéat véi do
chinh xac la 91,49% [2]. VGi nghién clru nay tai
Viét Nam, cung s dung 4 chi s6 quan trong
trong cong thic mau, tuy nhién d3 s dung
thém chi s6 ferritin vao trong cd s& tri thic
chuyén gia va thém chi sd sat huyét thanh vao
di liéu huan luyén hé hoc may gilp tang kha
nang phan biét thalassemia va thi€u mau thi€u
sat. Mdi day, Yi-Kai Fu va cong su (2021) da
nghién cfu thudt todn SVM dé phan loai gitta
ngusi khéng mang gen va nguGi mang gen
thalassemia. Trén nén tang cac chi s6 cong thirc
mau cOng Vvdi viéc sir dung thém cac chi s6 két
hgp nhu Mentzer, Huber-Herklotz, ... cd ban chat
la cac cdng thirc thé hién mdi lién hé gilra cac chi
s6 cong thi'c mau. Kha nang phan biét cia mo
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hinh SVM dat dugc chi s6 AUC la 0,76, thdp hon
nghién cttu clia ching t6i la 0,942 [4]. Tai Viét
Nam, nghién clu cua ching téi lan dau tién
dugc xay dung va thuc hién du két qua chua cao
nhung nhin v& mat tich cuc, két qua ching toi
thu dugc la mét budc ti€n mai trong nghién ciu
phan biét gilta th€ d6t bién va ngudi hoan toan
khoe manh. Can ti€p tuc nghién clu va phat
trién 'ng dung cadc md hinh mdi, tdng dé chinh
xac va do tin cay cua du doan. Tom lai, nghién
cltu Ung dung md hinh du dodn dé€ sang loc
thalassemia trudc sinh la mot budc ti€n quan
trong trong chdn doan s6m thai mac cac thé
nang & tudi thai nho, tién lugng tinh trang thai
nghén, lua chon cac bién phap can thiép phu
hgp, dong thgi tu van cac phuong phap du
phong cho nhiing [an mang thai sau.

V. KET LUAN

Hé théng phan mém tri tué nhan tao trong
sang loc thalassemia trudc sinh cho két qua
chinh xac, dé nhay cao trén 95%, d6 dac hiéu tur
73,33% dén 90,72%. Tuy nhién, viéc s dung
md hinh du doan khdng thé thay thé hoan toan
cho cadc xét nghiém gen va xét nghiém mau
truyén thdng trong viéc chan doan thalassemia.
M6 hinh can dugc xem xét st dung nhu la mot
cdng cu ho trg trong viéc chdn doan bénh, cling
V@i cac phuang phap truyén thong. Can phai ti€p
tuc nghién cllu va phét trién cac hé hoc may
khac dé cai thién dd chinh xac va dd tin ciy cla
du doan. Bong thdi danh gia nhan xét clia cac diéu
duBng va bac si trong thuc hanh phan mém.
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