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PHAT TRIEN VA DANH GIA NOI BO PHAN MEM
TRi TUE NHAN TAO HO TRO SANG LOC TRUGC SINH
HOI CHUNG EDWARDS VA PATAU

Nguyén Thij Trang"?, Vii Thi Huyén'2, T6 Thi Thu Ha3, Tran Danh Cwong’,
Nguyén Thj Nga', Nguyén Ngoc Bich', Pé Thi Thu Trang’,

TOM TAT

DPat van dé: Hoi chiing Edwards (trisomy 18) va
hoi chirng Patau (trisomy 13) 1a hai b4t thwong léch bai
nhiém sac thé nghiém trong, trong khi cac nghién ctu
ng dung tri tué nhan tao (Al) trong hd tro sang loc hai
héi chirng nay con han ché.

Muc tiéu: Nghién clru nhdm danh gia hiéu nang
bwdc dau ctia phan mém Al thir nghiém trong hé tro
nhan dién nguy co héi chirng Edwards va Patau, lay
nhiém séc thé dd lam tiéu chuan tham chiéu.

Déi twong va phwong phap nghién ctru: Nghién
ctu mo ta hdi ctru trén 10.618 hd so thai phu tai ba
bénh vién & Ha Noi; trong do 6.689 trwdng hop cod két
qué nhi&ém séc thé d6 (272 hoi chirng Edwards, 62 hoi
ching Patau) dwoc st dung dé phat trién va danh gia
mo hinh. D liéu dwoc chia ng4u nhién phan tAng thanh
80% huén luyén va 20% kiém dinh; SMOTE chi duoc
&p dung trén tap huén luyén. Phdn mém tich hop di
liéu 1dm sang, siéu am, Double test, Triple test v&i co
s@ tri thirc chuyén gia va cac thuat toan hoc may.

Két qua: Trén tap kiém dinh, Random Forest dat
dd nhay 100,0%, d6 dac hiéu 96,2% va dd chinh xac
97,5%, va dwoc lwa chon dé tich hop vao phan mém.

Ban luan: Phan mém cho thay tiém ning hd tro
tdng hop théng tin va nhan dién nguy co; can kiém dinh
ngoai, tién clru trén quan thé sang loc doc lap truéc khi
trng dung rong rai.

Ter khéa: Hoi chirng Edwards; hdi chirng Patau;
sang loc trwde sinh; tri tué nhan tao.
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SUMMARY

DEVELOPMENT AND INTERNAL
VALIDATION OF ARTIFICIAL INTELLIGENCE
SOFTWARE FOR SUPPORTING PRENATAL
SCREENING OF EDWARDS AND PATAU
SYNDROMES

Introduction: Edwards syndrome (trisomy 18) and
Patau syndrome (trisomy 13) are severe chromosomal
aneuploidies, while studies investigating the application
of artificial intelligence (Al) to support screening for
these conditions remain limited.

Objective: This study aimed to preliminarily
evaluate the performance of an experimental Al-based
software system for identifying the risk of Edwards
and Patau syndromes, using fetal karyotyping as the
reference standard.

Materials and methods: This retrospective study
used 10,618 pregnancy records from three hospitals in
Hanoi. Model development included 6,689 cases with
karyotyping results: 272 Edwards, 62 Patau, and 6,355
unaffected cases. Data were split into 80% training
and 20% validation sets using stratified sampling;
SMOTE was applied only to training data. The software
combined clinical, ultrasound, and biochemical data with
expert knowledge and machine-learning algorithms.
Random Forest achieved 100.0% sensitivity, 96.2%
specificity, and 97.5% accuracy and was selected for
integration. Results represent internal validation in a
selected population undergoing karyotyping and may
not generalize to routine screening.

Conclusion: The software demonstrated potential
as a supportive tool for integrating clinical information
and identifying pregnancies at increased risk of trisomy
18 and trisomy 13. External and prospective validation
in independent screening populations is required before
widespread clinical implementation.

Keywords: Edwards syndrome; Patau syndrome;
prenatal screening; artificial intelligence.
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I. DAT VAN BE

Ho6i chirng Edwards (trisomy 18) va hdi chirng
Patau (trisomy 13) 1a hai bat thwdng léch boi
nhiém sé&c thé thwdng nghiém trong, chi ding sau
hoi chirng Down vé tAn suat méc. Hai hoi chirng
thuwdng gay nhiéu di tat bAm sinh ndng & hé than
kinh trung wong, tim mach, tiét niéu, chi va cac co
quan khac, véi tién lwong xau va ty 1é t&r vong cao
trong giai doan chu sinh." Phat hién sém nguy co
c6 vai trd quan trong trong tw van di truyén, lua
chon xét nghiém chan doan truéc sinh va quan
ly thai nghén.2 Hién nay, sang loc trwéc sinh chu
yéu dwa trén tudi me, siéu am thai, cac xét nghiém
sinh hdéa Double test, Triple test va xét nghiém
ADN ty do cta thai trong mau me (NIPT).2.® Tuy
nhién, viéc téng hop va phan tich déng thdi nhiéu
ngudn di¥ lieu van 1a mét thach thire trong thuwe
hanh 1am sang.

Sw phét trién cta tri tué nhan tao (Artificial
Intelligence - Al) m& ra kha nang tich hop di liéu
lam sang, siéu am va xét nghiém sinh héa dé hd
tro sang loc trwde sinh. Phan I&n cac nghién cru
tng dung Al hién nay tap trung vao hdi chirng
Down,# trong khi cac nghién ciru vé Edwards va
Patau con han ché, mét phan do ty 1& mac thap
va sw mét can bang gitra nhém bénh va khéng
bénh. K§ thuat tao mau téng hop cho nhém thiéu
sb (Synthetic Minority Over-sampling Technique
- SMOTE) duwogc st dung dé khac phuc méat can
béng di¥ liéu. Dong thoi, viéc két hop cac thuat
toan hoc may nhw Random Forest, may vecto
hd tro (Support Vector Machine - SVM), XGBoost
véi co sé tri thirc chuyén gia c6 thé hé tro khai
thac déng thodi nhiéu dac trwng 1am sang, siéu
am va sinh héa, hwéng téi nang cao hiéu qua
sang loc.4

Xuét phat tlr thye té trén, chang tai thuc hién
nghién clru v&i muc tiéu danh gia hiéu nang cla
phan mém trong sang loc hai hdi chirng Edwards
va Patau, qua d6 cung cap thém co sé cho viéc
ng dung Al trong hé tro sang loc truwéc sinh tai
Viét Nam.

Il. DOl TUONG VA PHUONG PHAP
2.1. Béi twong nghién clru

D@ liéu dwoc thu thap tai Bénh vién Phu san
Trung wong, Bénh vién Bai hoc Y Ha Ni va Bé&nh

vién Phy san Ha Noi. Sau lam sach, chuén héa va
lién két, cé 10.618 hd so dwoc dwa vao co sé div
liéu. Tap danh gia mé hinh gém cac hd so cé day
da di liéu 1am sang, siéu am, xét nghiém sinh hoa
va két qua nhiém sic thé dd xac dinh trisomy 18,
trisomy 13 hodc khéng mac hai hoéi chirng nay;
loai cac hé so thiéu dir liéu cbt 16i hodc khong co
két qua tham chiéu rd rang.

2.2. Thiét ké nghién ctru

Nghién ctru hdi clru nham phat trién va danh
gia ndi bd phan mém Al hd tro sang loc trudc
sinh. Trong 10.618 hé so sau chuan héa, c6 6.689
trwong hop co két qua nhiém séc thé db, gébm 272
trwong hop Edwards, 62 trwong hop Patau va
6.355 trwdng hop khdng mac hai hoi chirng nay,
duoc st dung dé huan luyén va danh gia mé hinh.
Do chi nhirng thai phu dwoc chi dinh xét nghiém
chan doan méi ¢ két qué nhiém sic thé d6, mau
nghién ctru khong dai dién cho quan thé thai phu
sang loc thwdng quy; day 1a yéu té can lwu y khi
dién gidi hiéu nang mé hinh.

2.3. Bién s6 va xv ly div liéu

Cac bién dau vao gbém tudi me, tudi thai, dau
hiéu siéu am, khodng sang sau gay (NT) va cac
chi sé Double test, Triple test; chi s6 sinh héa dwoc
chuén hoa theo MoM. D@ liéu dinh tinh dwoc ma
héa phu hop véi cau tric co sé dir liéu.

D liéu dwoc chia ngau nhién cé phan tang
thanh 80% tap hun luyén va 20% tap kiém dinh.
SMOTE chi ap dung trén tap huan luyén dé xc
ly mat can bang I6p, trong khi tap kiém dinh gil
nguyén phan bé thuc té. D liéu thiéu dwoc x& ly
bang phuong phap MICE.

B6n md hinh KNN, SVM, Random Forest va
MLP dwgc danh gia; mo hinh dwoc lwa chon dwa
trén hiéu nang tap kiém dinh, wu tién do nhay
trong sang loc trudc sinh.

2.4. Co s& tri thirc chuyén gia va co ché
tich hop

Co s& tri thirc dwoc xay dwng tlr hwéng dan
chuyén mén va déng thuan cta nhém chuyén
gia y sinh - san khoa, biéu dién duéi dang luat
IF-THEN dua trén cac diu hiéu siéu am va xét
nghiém sinh héa. Hé luat bé sung cho mé hinh hoc
may, hé tro dién gidi nguy co va tang tinh minh
bach cla két qua.
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Nhém tri thire Bién/dac diém dau vao Vi du céu trac luat
Sidu Am quv | Khoang sang sau gay va cac IF dAu hiéu siéu am bét thwong ré
quy déu hiéu b4t thwong hinh thai THEN tang mrc cdnh bao nguy co 1&ch boi
Sinh héa quy | PA!DP-A,Z B-hQG IF kiéu bién doi smvh hoquhu hop mau nguy co THEN
tw do da chuan héa MoM tang diém nguy co
Sinh héa quy |l AFP, hCG, IF t6 hop chi sb sinh héa bat thwerng THEN
quy uE3 da chuan héa MoM tang diém nguy co
Tich ho Két qua hoc may IF xac suét mé hinh cao AND c¢6 béng chivrng chuyén
P + luat chuyén gia gia phu hgp THEN wu tién canh bdo nguy co cao

2.5. Chi sé danh gia va phan tich théng ké

Hiéu nang mé hinh dwoc danh gia béng dd nhay, dé dac hiéu va dé chinh xac. Cac chi sb bd sung
nhw gia tri tién doan, ty sb kha di, AUROC va khodng tin cay 95% duoc bao cao khi di div liéu. Trong
nghién cru nay, két qua duoc trinh bay theo cac chi sd do nhém nghién ctru phan tich.

2.6. Thoi gian va dia diém nghién ctru

Nghién ctru dwoc thue hién tir thang 01/2025 dén thang 07/2026 tai Bénh vién Phu san Trung wong,
Bénh vién Dai hoc Y Ha Nb6i va Bénh vién Phu san Ha Noi.

2.7. Pao dirc nghién ctru

Nghién clru da dwoc Hoi dong Dao dirc ctia Bénh vién Phu san Trung wong xem xét va phé duyét
theo Quyét dinh sb 54/5 ngay 12/09/2020.

Hinh 1. So dé Iwa chon diF liéu va phén chia tap

CAu tric phan mém gdém hai thanh phan chinh:
mo hinh hoc may Random Forest va co s& tri thire
chuyén gia dang luat IF-THEN. Hai ngudn théng
tin dworc tich hop dé& phan tang nguy co va hé tro

Hb so thai phu tai Bénh vién Phu san Trung uong
(01/2018 — 12/2023)
(n=10.618)

Loai trir (n = 3.929)

| - Knong c6 két qua nhiém séc thé b

Hb so c6 két qua nhidm sic thé db (karyotype)
(n =6.689)
[
v v

« Edwards (T18): 272
« Patau (T13): 62

Duong tinh T13/T18
(n =6.355;95,0%)

Am tinh ‘

(n = 334; 5,0%)
[ I

v

[ Chia ngu nhién, phan tang theo nhém bénh (80:20) ]
[
2 12
Tap huin luyén
(= 80%)

(SMOTE chi ap dung (=20%)

trén tap hudn luyén)

Téap kiém dinh }

|

nghién cou

bac si dién giai két qua, nhuw mé ta tai Hinh 2.
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Dir li¢u du vao
(dic diém 1am sang, siéu am, Double/Triple test, cac thdng tin khac)

v
Co sé tri thirc chuyén gia M3 hinh hoc may
(luat IF — THEN) (Random Forest)

Tién xt 1y dit ligu

Lujt dya trén ngudng sinh héa ] (thiéu dir liéu, chudn héa)

Xir Iy mét cén bing 16p

Luit dya trén déu higu siéu a Y
i e e e ] (SMOTE — chi trén tp huin luyén)

At ki T Huén luyén mé hinh
Luat két hop da yéu t& yen
et Gl ] (Random Forest)

[ I
¥
i Tich hop va suy luin
(két hop két qua md hinh hoc may va co s6 tri thirc)

[ Nguyén tic tich hop c6 trong s6 J

( Diéu chinh theo ludt chuyén gia trong trudng hop diic biét

'

Két qua diu ra
(hd trg bac si lam sang)

|

Nguy co T13 ] [ Nguy co T18 ] [ Khuyén nghi xir tri J

Hinh 2. C4u tric va quy trinh hoat déng clia phan

mém Al hé tro sang loc
hoéi chirng Edwards va Patau

ll. KET QUA NGHIEN cUU

3.1. Piac diém bo dir liéu nghién ctru

Co s& dir liéu tir ba bénh vién dwoc lam sach,

chuan héa va lién két, gbm thong tin 1am sang,
siéu am, sinh héa, nhiém sac thé va xét nghiém
gen (Bang 1).
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Bang 1. Quy mé co s& diF liéu st dung xay dung phdn mém Al (n = 10.618 hé so thai phu)

Ngudn dir liéu S6 lwong ban dau Pu tiéu chuan Ty lé str dung (%)
Hb so thai phu 69.232 10.618 15,3
Double test 29.093 8.356 28,7
Triple test 38.252 4.264 1.1
Karyotype 6.689 6.689 100

Ghi chu: Hb so thai phu tinh theo sé thai phu; Double test, Triple test va nhiém sac thé db tinh theo
lwot xét nghiém. Trong 10.618 hd so chuan hda, 6.689 truéng hop cé nhiém séc thé dé dwoc st dung
dé phat trién va danh gia mé hinh.

3.2. Pac diém phan b6 cac trwong hop hoi chirng Edwards va hoi chirng Patau

Trong 6.689 truéng hop c6 két qua nhiém séc thé dd, cé 272 trwdng hop hoi chirng Edwards (4,1%)
va 62 trudng hop hoi chirng Patau (0,9%); tdng cong 334 trudng hop méc bénh (5,0%) va 6.355 trworng
hop khéng mac hai hoi chirng nay (95,0%).

Sé trwdng hop hdi chirng Edwards cao hon hoi chirng Patau khodng 4,4 1an (272 so véi 62), cho
thdy sw mat can bang di liéu gitka hai nhédm bénh va gitra nhdm bénh véi nhém khéng bénh. Day Ia
yéu t6 can lwu y khi xdy dung va danh gia mé hinh hoc may.

3.3. Xay dwng co s& tri thirc chuyén gia

Co s tri thtrc dwoc xay dwng dwa trén hwéng dan chuyén mon va y kién chuyén gia, tich hop cac
dau hiéu siéu am va xét nghiém sinh héa dwéi dang luat IF-THEN, tao nén tdng phu hgp cho danh gia
nguy co Edwards va Patau bang Al.

Béng 2. Céc thanh phén cua co sé tri thirc chuyén gia

Thanh phan N6i dung

Tri thirc siéu am Céc d4u hiéu goi y hdi chirng Edwards va hoi chirng Patau

Tri thre sinh hoda Double test va Triple test

Luat suy dién Cac luat IF-THEN két hop siéu am va sinh hoéa

Tri thire tich hop Al

Két hop co sé tri thivc véi md hinh hoc may

Ghi chu: IF-THEN: luat suy dién dang “néu - thi”. Co sé tri thirc dwoc xay dwng tr Hwéng dan quéc
gia va y kién ddng thuan ctia 05 chuyén gia Y sinh - San khoa;

3.4. Hiéu nang ctia cac mé hinh hoc may

Hiéu nang ctia bdn mé hinh trén tap kiém dinh dwoc trinh bay & Bang 3, v&i nhiém séc thé dé lam
tiéu chuan tham chiéu. SMOTE chi dwoc 4p dung trén tap huén luyén nham x& ly mat can béng di liéu.

Bang 3. Hiéu ndng ctia cadc mé hinh hoc may trén tap kiém dinh

Do chinh xac (%) Do nhay (%) Do dac hiéu (%)
KNN 97,52 98,20 97,17
SVM 96,59 98,20 95,76
Random Forest 97,52 100,00 96,22
MLP 97,52 99,10 96,70
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Ghi chu: KNN: K-Nearest Neighbors; SVM:
Support Vector Machine; MLP: Multilayer
Perceptron. S& liéu trinh bay dwéi dang %.
Random Forest cé do nhay cao nhat (100%), KNN
c6 dd dac hiéu cao nhat (97,2%); ba mé hinh KNN,
Random Forest va MLP dat d6 chinh xac 97,5%.

3.5. Két qua thir nghiém phan mém Al sau
tich hop

Sau khi tich hgp m6é hinh Random Forest véi
co s& tri thirc, phan mém Al duwoc thér nghiém tai
Bénh vién Phuy san Trung wong, Bénh vién Dai
hoc Y Ha No&i va Bénh vién Phu san Ha Noi lay
nhiém s&c thé dd lam tiéu chuan tham chiéu. O
giai doan nay, phan mém dat d6 nhay 100%, do
dac hiéu 99,5% va do chinh xac 99,5% dbi véi hoi
chirng Edwards va hdi chirng Patau.

IV. BAN LUAN

Sau lam sach va chuan héa, cac hd so thiéu
thong tin cét 18i hodc két qua chan doan xac dinh
dwoc loai khéi phan tich; nhiém sac thé dé dwoc
st dung lam tiéu chudn tham chiéu. Vai tro cua
tién x& ly div liéu déi voi hiéu qua hoc may ciing
duoc Miotto va cong sw (2016)5 nhadn manh. Trong
mau nghién clru, trisomy 18 nhiéu hon trisomy 13
khoang 4,4 lan, cao hon ty sé khodng 2,5:1 cta
Springett va Morris (2014)? va 2,4:1 clia Goel va
cong sw (2019)." Tuy nhién, ty sé nay khéng phan
anh dich t& quan thé vi mau chi gém cac trudng
hop dwoc chi dinh nhiém sac thé db.

Sw khac biét gitra hai nhém bénh cé thé lién
quan dén dic diém lam sang, tién lwong va kha
n&ng phat hién truéc sinh. Cac bat thuéng hinh
thai ndng va mat thai c6 thé anh hwéng dén sb
trwdng hop dwoc ghi nhan; nghién ctru ctia Wu
va cdng sub cung cap thém di liéu vé kha ning
sbng cla hai hoi chirng. Zhang va coéng su? trén
68.763 thai phu cling ghi nhan trisomy 18 dwoc
phat hién nhiéu hon trisomy 13. Sé ca Patau thap
trong nghién ctru lam han ché kha nang danh gia
riéng hiéu nang cho héi chirng nay.

Co s& tri thirc gdm tri thirc siéu am, sinh héa,
luat suy di&n va thanh phan tich hop Al (Bang 2).
Cac luat IF-THEN két ndi dau hiéu siéu am voi
Double test va Triple test, hd tro' dién gidi nguy co
theo cach cé thé kiém tra. M6 hinh hoc may bd
sung kha nang khai thac cac méi lien quan phirc
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tap gitra bién dau vao. Song va cong sw (2021)’
cho thay gia tri cGa viéc két hop tri thirc chuyén
gia v&i div liéu 1am sang trong hd tro' quyét dinh;
Gebremariam va cfng sw (2024)8 nhan manh
tinh minh bach va kha nang cap nhat clda hé luat.
Trong nghién cu nay, cach tich hgp hai thanh
phan huwdng téi hé tro bac st hiéu co' sé canh bao,
nhwng can danh gia riéng dong gép cla hé luat dé
xac dinh loi ich bd sung.

Random Forest dwgc lwa chon nh& dd nhay
cao nhét, trong khi dd chinh xac twong dwong
KNN va MLP (Bang 3). D6 nhay la wu tién trong
sang loc trwdc sinh vi bd sot trwdng hop mac
bénh c6 thé anh hudng dén tw van va quan ly thai
nghén. Thuat toan nay cé kha nang x ly quan hé
phi tuyén va twong tac gitra cac bién. He va cong
s (2021)* cling st dung Random Forest trong
sang loc trisomy 21 bang xét nghiém huyét thanh
me quy Il va ghi nhan kha ndng phan loai tét. Tuy
nhién, két qua trén trisomy 21 chi hé tro’ lwa chon
phwong phap, khéng thay thé bang chirng kiém
dinh riéng cho Edwards va Patau. B nhay 100%
trong mau kiém dinh ciing chwa bdo ddm khong
bd sét khi trién khai trén quan thé khac.

Sau tich hop, phdn mém dwoc thtr nghiém tai
ba bénh vién va ghi nhan dd dac hiéu 99,5% (muc
3.5), cao hon mirc 96,2% clia Random Forest trén
tap kiém dinh. Hai két qua thudc céc giai doan va
bd di liéu khac nhau, nén chwa thé quy mirc cai
thién cho co s& tri thirc. CAn mé ta day du c&
mau, phan bé bénh va tinh doc 1ap cta di liéu thi
nghiém dé kiém chirng hiéu nang sau tich hop.

Trong quy trinh I[am sang, phan mém téng hop
thong tin 1am sang, siéu am va sinh hoa dé hé tro
nhan dién nguy co, tr d6 can nhac NIPT hoac
chan doan xam lan. Phan mém khéng thay thé
cac phwong phap hién hanh. Khi ap dung trén
quan thé cé ty 1& méc thap hon mau nghién ctu,
gia tri tién doan dwong cé thé giam, 1am tang sb
canh bao dwong tinh gid. Vi vay, chi dinh chan
doan can dya trén tw van di truyén, danh gia 1am
sang va cac xét nghiém phu hop, thay vi chi dwa
vao dau ra phan mém.

Nghién ctu c6 mot sé han ché. Thiét ké hoi
clru va viéc chi cé tieu chuan tham chiéu & thai
phu dwoc chi dinh nhiém sac thé dé cé thé gay
sai léch xac minh va chon mau. Ty & mac 5,0%
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khéng dai dién cho sang loc thuwdng quy; cac chi
s hiéu nang, dic biét gia tri tién doan duwong,
can dwoc danh gia lai trén quan thé dich. Md hinh
chwa dwoc kiém dinh ngoai, danh gia hiéu chuan
hodc so sanh truc tiép véi Double test, Triple test
va NIPT. D liéu sinh hoéa thiéu va dién khuyét
béng MICE ciing c6 thé anh hwdng dén dw doan.
Ngoai ra, lwa chon mé hinh dwa trén tap kiém dinh
c6 thé tao ra wéc lwong lac quan. Can nghién ctru
tién clru da trung tdm v&i div liéu doc lap, bao cao
khoang tin cay va hiéu nang riéng cho tirng hoi
ching trwde khi trién khai rong rai.

V. KET LUAN

Trén 6.689 truéng hop co két qua nhiém sac
thé dd, phan mém Al thr nghiém cho két qua budc
dau kha quan trong sang loc hdi chirtng Edwards
va Patau; Random Forest c6 dé nhay cao nhét va
dwoc lwa chon lam md hinh 18i. Tuy nhién, day
mai la danh gia néi bé trén nhom thai phu dwoc
chi dinh xét nghiém nhiém sac thé do, chuwa thé
ngoai suy cho quan thé sang loc chung. Can tiép
tuc kiém dinh tién ctru trén quan thé doc lap va
danh gia day da cac chi sb hiéu nang truwéc khi
trién khai rong rai.

TAI LIEU THAM KHAO

1. Goel N, Morris JK, Tucker D, et al. Trisomy
13 and 18-Prevalence and mortality-A multi-
registry population based analysis. Am J Med
Genet A. 2019;179(12):2382-2392. doi:10.1002/
ajmg.a.61365

2. Springett AL, Morris JK. Antenatal detection
of Edwards (Trisomy 18) and Patau (Trisomy

13) syndrome: England and Wales 2005-
2012. J Med Screen. 2014;21(3):113-119.
doi:10.1177/0969141314543128

Zhang Y, Xu H, Zhang W, Liu K. Non-invasive
prenatal testing for the detection of trisomy 13,
18, and 21 and sex chromosome aneuploidies
in 68,763 cases. Front Genet. 2022;13:864076.
doi:10.3389/fgene.2022.864076

He F, Lin B, Mou K, Jin L, Liu J. A machine
learning model for the prediction of Down
syndrome in second trimester antenatal screening.
Clin Chim Acta. 2021;521:206-211. doi:10.1016/j.
cca.2021.07.015

Miotto R, Li L, Kidd BA, Dudley JT. Deep Patient:
An Unsupervised Representation to Predict the
Future of Patients from the Electronic Health
Records. Sci Rep. 2016;6(1):26094. doi:10.1038/
srep26094

Wu J, Springett A, Morris JK. Survival of trisomy
18 (Edwards syndrome) and trisomy 13 (Patau
Syndrome) in England and Wales: 2004-2011.
Am J Med Genet A. 2013;161A(10):2512-2518.
doi:10.1002/ajmg.a.36127

Song K, Zeng X, Zhang Y, De Jonckheere J,
Yuan X, Koehl L. An interpretable knowledge-
based decision support system and its applications
in pregnancy diagnosis. Knowledge-Based
Systems. 2021;221:106835. doi:10.1016/j.
knosys.2021.106835

Gebremariam BM, Aboye GT, Dessalegn
AA, Simegn GL. Rule-based expert system
for the diagnosis of maternal complications
during pregnancy: For low resource settings.
Digit Health.  2024;10:20552076241230073.
doi:10.1177/2055207624 1230073

265



