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XAY DI'NG NOMOGRAM PONG TIEN LONG HOI PHUC CHU’'C NANG
THAN KINH SAU CHAN THUONG COT SONG TUY SONG CO

Ngé Pinh Trung?®*, Pé Vin Nam!

Tém tat

Muc tiéu: Xy dung nomogram dong trén nén tdng web nham c4 thé hda tién
lwong hoéi phuc chirc nang than kinh (CNTK) sau 1 ndm & bénh nhan (BN) chin
thwong cOt séng tiy séng c¢d (CTCSTSC) dwoc diéu tri phiu thuit. Phwong phdp
nghién ctru: Nghién ctru hoi ctru, mé ta, don trung tim trén 206 BN CTCSTSC dworc
phau thuét tai Bénh vién Trung wong Quan doi 108 tir thang 01/2016 - 6/2024. St
dung phan mém R va rng dung web Shiny dé xdy dwng nomogram ddng, truc tuyén
tién lwgng hoi phuc CNTK sau CTCSTSC dwa trén mé hinh hoéi quy logistic da bién.
Két qua: Ty 1&€ BN ho6i phuc CNTK sau 1 nam la 46,6%. 6 bién dwoc dwa vao mo hinh
tién lwong bao gdm tudi, mirc dd hep 6ng séng, chiéu dai tén thuwong tiy, phiu thuat
trong 24 git ddu sau chin thwong, thoi gian nam hoi sirc va mé khi quan. M6 hinh
hoi quy logistic da bién cho gia tri tién lwong t6t (AUC = 0,916). Cong cu nomogram
déng cho tién lwgng héi phuc CNTK da dwoc xdy dung véi dwong link truy cp la
https://dynnomogramsicu.shinyapps.io/DynomogramTSCI/. Két ludn: Nomogram
dong dwoc xdy dung ttr mé hinh hoéi quy logistic da bién cho phép ca thé héa tién
lwong kha nang hoi phuc CNTK sau CTCSTSC, gitip dinh hwéng chién lwoc diéu tri,
phéan ting nguy co va tdi wu hda ké hoach phuc héi chirc nang cho BN.

Twr khéa: Nomogram dong; Ca thé hoda; HOi phuc chirc niang thin kinh;
Chén thwong cot song tdy s6ng co.

DEVELOPMENT OF A DYNAMIC NOMOGRAM FOR
PREDICTING NEUROLOGICAL RECOVERY FOLLOWING
TRAUMATIC CERVICAL SPINAL CORD INJURY

Abstract

Objectives: To develop a web-based dynamic nomogram for individualized
prediction of neurological recovery at 1 year in patients undergoing surgery for
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traumatic cervical spinal cord injury (TCSCI). Methods: A retrospective, descriptive,
single-center study was conducted on 206 patients with TCSCI who underwent
surgery at 108 Military Central Hospital between January 2016 and June 2024. R
software and a Shiny web application, a dynamic, interactive nomogram was
developed based on a multivariable logistic regression model to predict neurological
recovery after TCSCI. Results: The neurological recovery rate at 1 year was 46.6%. 6
variables were incorporated into the prognostic model, including age, degree of
cervical spinal canal stenosis, spinal cord lesion length, surgery within 24 hours after
injury, intensive care unit length of stay, and tracheostomy. The multivariable logistic
regression model demonstrated excellent predictive performance with an AUC of 0.916.
A dynamic nomogram for predicting neurological recovery has been developed and
is accessible at https://dynnomogramsicu.shinyapps.io/DynomogramTSCI/.
Conclusion: The dynamic nomogram derived from a multivariable logistic
regression model enables individualized prediction of neurological recovery
following TCSCI. This prognostic tool may guide therapeutic decision-making,
support risk stratification, and optimize rehabilitation planning for surgically

treated patients.

Keywords: Dynamic nomogram; Individualized prediction; Neurological

recovery; Traumatic cervical spinal cord injury.

PAT VAN PE nang phan anh day da xac suat hoi phuc
Chan thwong cot séng tly séng co 1a hodc kho ap dung rong rai trong thyc

mot trong nhitng dang chin thwong hanh lam sang thwong quy [5 - 7].

ning né nhit, thuwong gay liét ti chi va dé Xudt phat tir nhu cau vé mét cong cu

lai gdnh ndng lau dai cho BN va hé théng
y té€. Nhiéu nghién ctru gian day khing
dinh vai tro cia phau thuat giai ép sém,
dac biét trong 24 gior dau, cung véi cac
yéu td 1dm sang va hinh anh hoc trong
tién lwong kha nang hoi phuc CNTK [1 -
4]. Trong khi d4, cic thang diém thian
kinh nhw AIS va mot s6 mo hinh hoc may
tuy hitu ich nhung con han ché vé kha
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tién lwong ddm bdo dwoc cac yéu td
chinh x4c, trec quan va dé st dung,
ching t6i tién hanh nghién ctru “Xay
dung nomogram dong tién lwgng hoi
phuc CNTK sau CTCSTSC” nham: Phdt
trién nomogram ddéng trén nén tdng web,
hé tro cd thé héa tién lwong va dinh
hwéng chién lwoc diéu tri, phuc hoi chirc

ndng cho tirng BN.
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PpOI TUONG VA PHUONG PHAP
NGHIEN CU'U

1. Pdi twong nghién ciru

Gom 206 BN CTCSTSC da dwoc phau
thuat tai Bénh vién Trung wong Quan doi
108 tir thang 01/2016 - 6/2024.

* Tiéu chudn lwa chon: BN = 14 tudi tai
thoi diém nhip vién; BN liét chi trén
va/hodc chi dwdi tai thoi diém nhip
vién; BN dwoc theo doi két qua trong
thoi gian it nhit 1 ndm sau chin thwong.

* Tiéu chudn loai trir: BN c6 tién sty liét
trwdre chan thwong; BN chin thwong so
nio nang kém theo hodc ton thwong tdy
sOng ngoai doan c¢d (nguc, that lung...);
BN tr vong trong vong 1 ndm sau chan
thwong.

2. Phwong phap nghién ciru

* Thiét ké nghién ctru: Nghién ctru hoi
ctru, mo ta, don trung tam.

* C& mdu va phwong phdp chon mdu:
Chon mau toan bd.

* Chi tiéu nghién ctru: Tubi, giGi tinh,
co ché chin thwong, CNTK & thoi diém
nhip vién va thoi diém 1 ndm sau chin
thwong, st dung van mach, phau thuat
gidi ép tay trong vong 24 gio sau chan
thwong, mé khi quan, thoi gian ndam hoi

strc, mirc d6 ton thwong tly c6 cao nhét,

mirc d0 hep Ong sbéng, chiéu dai ton
thwong tay, tin hiéu trén xung T2 trén
cong hwong tir.

* Tiéu chudn dp dung trong nghién ciru:

Panh gia CNTK tuin theo Tiéu chuan
Quoc té Phan loai Tén thwong Tuy song
(ISNCSCI); BN dwoc phan loai theo AIS
gom: AIS A, AIS B, AIS C, AISD va AIS E.

Mirc d6 hep 6ng song dwgc danh gia
theo ty lé Torg-Pavlov.

* X Iy s6 liéu: Bang phwong phap
théng ké y hoc st dung phan mém R
phién ban 4.4.1 va &ng dung web Shiny
két hop phdn mém R dé xay dung cong
cu nomogram dong. Phidn mém R va &ng
dung web Shiny st dung trong nghién
ctru déu la phdn mém mé, dwoc phép st
dung mién phi va khong vi pham ban
quyén. Ngudong y nghia théng ké dwoc
xac dinh véip < 0,05.

3. Pao dirc nghién ciru

Nghién cru dwoc tién hanh tuin tha
cac quy dinh vé dao dirc trong nghién
ciru y sinh hoc ciua Bénh vién Trung
wong Quan doi 108. SO liéu nghién ciru
duoc Bénh vién Trung wong Quan doi 108
cho phép st dung va céng bo. Nhém
tac gid cam két khong c6 xung dot loi ich

trong nghién ctru.
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KET QUA NGHIEN CU'U

Bang 1. So sdnh mot s6 dic diém 14m sang, cin 1dm sang giira 2 nhém.

Tong Khong héi phuc C6 héi phuc

Bién so (n = 206) (n = 110) (n = 96)

bic diém lam sang
Nam gi6i, n (%) 170 (82,5) 88 (80,0) 82 (854) 0,307

Eggli'trung"”Ql'Q?’)' 55 (38-64) 56 (42-66) 52(37-63) 0,101

Co ché chin thwong, n (%) 0,018
Nang lvong cao 161 (78,2) 93 (84,5) 68 (70,8) -
Nang lwong thap 45 (21,8) 17 (15,5) 28 (29,2) -

Diém AIS lic nhip vién, n (%) < 0,001
AIS A 92 (44,7) 60 (54,5) 32 (33,3) -
AISB 71 (34,5) 42 (38,2) 29 (30,2) .
AISC 25 (12,1) 6 (5,5) 19 (19,8) .
AISD 18 (8,7) 2 (1,8) 16 (16,7) -

Phai dung thudc van

mach dé nang huyétap, 57 (27,7) 42 (38,2) 15 (15,6) <0,001

n (%)

PhAu thuat gidi nén

trong 24h sau chin 101 (49,0) 38 (34,5) 63 (65,6) <0,001

thwong, n (%)

Mé khi quan, n (%) 59 (28,6) 42 (38,2) 17 (17,7) 0,001

Thoi gian ndm hoi stc,

trung vi (Q1 - Q3), ngay  © 3710 7,5 (5-12) 5(1-7) <0,001

DPic diém tén thwong cot séng co trén MRI

Mirc d6 cao nhit cda ton thwong, n (%) 0,016
C1-C3 71 (34,5) 46 (41,8) 25 (26,0) -
C4 - C5 101 (49,0) 52 (47,3) 49 (51,0) -

C6 - C7 34 (16,5) 12 (10,9) 22 (22,9) -
Mirc d6 hep 6ng song, n (%) < 0,001
Nhe 47 (22,8) 8 (7,3) 39 (40,6) -
Trung binh 72 (35,0) 38 (34,5) 34 (35,4) -
Ning 87 (42,2) 64 (58,2) 23 (24,0) -

Chiéu dai tén thuwong

tiy séng, trung vi 31(21-43) 40(28-52) 25(20-32) <0,001
(Q1-Q3), mm

Tang tin hiéu trén xung

12 8. (%) 146 (70,9) 86 (78,2) 60 (62,5 0,013
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K&t qua so sanh giira hai nhém cho thdy BN hodi phuc CNTK c6 ty 1& duwgc phau
thut sém (trong vong 24 gio sau chin thwong) cao hon, dong thoi ty 1€ st dung
thuéc vaAn mach, mé& khi quan, chin thwong nang lwong cao va thoi gian nam hoi sirc
déu thap hon ré rét so véi nhdm khong hoi phuc (p < 0,05). Vé hinh anh hoc, nhém
khong hoi phuc c6 ty 1é hep 6ng song mirc d6 nang, chiéu dai ton thwong tiy trén
MRI, d6 cao ton thwong tiy va ting tin hiéu trén xung T2 cao hon dang ké so véi
nhém héi phuc (p < 0,05). Ngworc lai, khong khac biét c¢é y nghia théng ké gitra hai

nhém vé tudi va gidi tinh.

p < 0.001

Khi nhap vién 34.5% 12.1% 8.7%

1 ndm sau chin
thwong

28.6% 15.0% 15.5%  13.6%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

mAISA =AISB mAISC =AISD =mAISE

Hinh 1. Thay d6i vé diém AIS gitra thoi diém 1 ndm sau chan thwong

va thoi diém nhép vién ngay sau chan thwong.

Phan bo vé diém AIS c6 sw thay déi ro rét & thoi diém 1 ndm sau chin thwong
so v&i thoi diém nhip vién ngay sau chdn thwong (p < 0,001). Ty 1& BN c6 diém
AIS A gidm tir 44,7% lic nhép vién xudng 27,2%, trong khi ty 1€ BN ¢ diém AIS D va
AIS E biéu hién hoi phuc than kinh tot hon, ting 1an lwot tir 8,7% 1én 15,5% va tir

0% 1én 13,6%.
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Bang 2. Hoi quy logistic don bién va da bién xac dinh yéu t6 tién lwong
hoi phuc CNTK sau CTCSTSC.

Hoi quy logistic
Bién so Pon bién Pa bién

OR p OR p
Tuoi 0,98 0,108 0,97 0,038
Gidi tinh 1,46 0,309 - -
Diém AIS lic nhip vién - < 0,001 - -
Co ché chin thwong nang lwong cao 0,44 0,019 - -
Mirc d6 hep 6ng song - <0,001 - <0,001
Hep 6ng song mirc do vira so véi nhe 0,18 <0,001 0,21 0,009
Hep 6ng song mirc dd nang so véi nhe 0,07 <0,001 0,05 <0,001
Chiéu dai tén thwong tiy (mm) 0,92 <0,001 091 <0,001
Do cao tén thwong tdy co - 0,018 - -
Tang tin hiéu trén xung T2 0,46 0,014 - -
Phau thuit trong 24h sau chan thwong 3,61 < 0,001 4,80 < 0,001
Dung thu6c vin mach dé nang huyét ap 0,30 < 0,001 - -
Thoi gian ndm hodi strc (ngay) 0,86 <0,001 081 <0,001
Mé& khi quan 0,35 0,001 0,34 0,021

Két qua phan tich hoi quy logistic da bién cho thay c6 6 yéu t6 tién lwong doc lap

ho6i phuc CNTK sau CTCSTSC 1a tudi, mirc d6 hep 6ng séng, chiéu dai ton thwong tuy,

phau thuit trong 24 gi¢ sau chin thuong, thoi gian ndm hdi sttc va cAn phai mé khi

quan, véi p < 0,05. M6 hinh hoi quy logistic xdy dung dwa trén 6 yéu to nay buéc dau
cho thiy cé gia tri tot trong tién doan hoéi phuc CNTK véi AUC = 0,916, p < 0,05.
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Hinh 2. Nomogram tinh trong tién lwong h6i phuc CNTK sau CTCSTSC.

Hinh 2 biéu thi nomogram tinh dwoc xay dwng tir mo hinh hoi quy logistic da bién
& bang 2. Mdi gia tri cia bién trong md hinh twong &ng véi mot sé diém trén truc
“Diém”; tinh tong diém roi chiéu xudng truc “Xac suit” cho phép wéc tinh kha nang
ho6i phuc CNTK sau 1 nam cho tirng BN. Ngoai ra, cac dworng mat do bén trén thang
diém (bién lién tuc) va do 16n ctia mdi 6 (bién phan loai) thé hién phan bd gia tri
trong mau nghién ciru.

a x ’ o
@& Tién lrgng hoi phuc chire nang than kinh
Nguy co' hdi phuc dy doan:
T, @ Nguy phic dy
Xéc sudt hbiphye: 55.6%6
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3 Bk [ 1020 30 40 50 6070 80O 90 100
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Hinh 3. C6ng cu nomogram déng, trwc tuyén cho tién lwgng kha nang hoi phuc
CNTK sau CTCSTSC.

Coéng cu nomogram dong, triec tuyén cho phép nhip cac thong tin 1am sang va hinh
anh hoc cda tirng BN va tw dong tinh todn, hién thi xac suat héi phuc CNTK & thoi
diém 1 nam sau chin thwong dwdi dang phin tram khi 4n nut “Dw dodn ngay”. Nhin
vien y t€ c¢6 thé truy cadp va st dung mién phi tai dia chi
https://dynnomogramsicu.shinyapps.io/DynomogramTSCI/.
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BAN LUAN

Nghién ctru xay dung dwoc mo hinh
tién lwong cad thé hoa duwdi dang
nomogram dong dé du doan kha ning
ho6i phuc CNTK sau 1 ndm & BN CTCSTSC
duoc phiu thuat. Mé hinh hdi quy
logistic da bién xac dinh 6 yéu to tién
lwgng doc 1ap voi khad nang phan biét rat
tot (AUC = 0,916), cho thay gia tri (rng
dung trong hé tro quyét dinh diéu tri va
tw van tién lvong.

Trong s6 cac yéu to nay, thoi diém
phau thuit 13 bién c6 y nghia 1am sang
ndi bat, phau thuat giai ép trong 24 giv
dau lién quan ro rét téi ty 18 hoi phuc
CNTK cao hon so voi can thiép mudn,
phu hop véi quan diém “time is spine” va
di liéu y van ciing cho thay giai ép sém
giuip ci thién vin déng, cdm giac va diém
AIS & BN CTCSTSC nang [1, 2]. Cac tham
s6 hinh anh hoc ciling gitr vai tro quan
trong, mirc d6 hep 6ng s6ng va chiéu dai
ton thwong tdy phan anh mirc d6 chén ép
va lan rong ton thwong. Két qua cda
chung t6i twong ddng v&i nghién ciru cua
Yang va CS, nhdn manh tdm quan trong
cda giai ép kip thoi trong phuc hoi cau
truc va chirc nang tuy song [3].

Tudi cao, thoi gian nam ICU kéo dai va
nhu ciu mé khi quan 1a nhirng chi diu
gidn ti€p cua tinh trang toan thin nidng
va ganh ning bién chirng, qua dé lam
gidm tiém nang hoi phuc. Piéu nay phu
hop véi nhan dinh BN 16n tudi vAn co thé
huwéng loi tir phau thuat nhwng tudi cao
la yéu t6 bat loi cho két cuc chirc ning
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[4]. Mrc d6 ton thwong than kinh ban
dau cling la yéu t6 cdn quan tdm. Choy va
CS cho thay ty 1é khéng nhé BN cai thién
it nhat mét bac AIS, nhwng déng thoi tac
gia cling chi ra hé thong AIS c6 thé danh
gia thap mirc do hoi phuc, goi y vai tro b
trog cia cac md hinh dinh lwgng nhw
nomogram [5].

Hiéu nang cua md hinh trong nghién
clru nay twong dwong hodc cao hon mot
s6 mo hinh tién lwong dwa trén hoc may
gan day. Shimizu va CS (CatBoost cho BN
phau thuit cdp ciru trong 24 gidr dau) va
Maki va CS (&rng dung web dw doan két
cuc sau liéu trinh phuc héi chirc nang néi
tr) lan lwot bdo cdo AUC khodng 0,90 va
0,857 [6, 7]. M6 hinh hoi quy logistic ctia
chung t6i dat AUC = 0,916 cho thay cac
mé hinh théng ké c6 dién, khi lwa chon
bién hop 1y, van c6 thé dat do chinh xac
khong kém mo6 hinh phirc tap, van dam
bdo dwoc tinh minh bach, trwc quan va
dé trién khai trong thwc hanh 1am sang.
Chung toi da xay dung nomogram dong
truc tuyén theo ngoén ngir tiéng Viét, co
thé dé dang truy cAp va st dung & dia chi
https://dynnomogramsicu.shinyapps.io
/DynomogramTSCI/, tng dung nay cho
phép nhap nhanh cac théng s6 cuia tirng
BN, trd vé xac suit hoéi phuc theo thoi
gian thuc, hd tro phan tAng nguy co vara
quyét dinh 1am sang dwa trén bang
chirng dinh luvong.

Tuy vay, nghién ctru ndy van c6 mot s
han ché: Thiét ké héi clru, don trung tim
véi c& mau trung binh nén c6 thé han ché
kha nang khai quat hoa cho cac quan thé
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va cac co so y té khac nhau. M6 hinh cin
dwoc kiém dinh lai trén cac quan thé doc
1ap, wu tién cac nghién ctru da trung tam
vOi ¢ maiu 16n hon va c6 thé b sung
thém cac chi ddu hinh dnh ning cao hoac
d4u 4n sinh hoc dé€ cai thién thém doé
chinh xac tién lwgng va gia tri wng dung
lam sang ciia nomogram dong.

KET LUAN

Nomogram dong dwoc xay dung dwa
trén mo hinh héi quy logistic da bién v&i
6 yéu t6 tién lwong doc 1ap budc dau cho
thdy day 1a cong cu c6 gia tri, giup ca thé
héa tién lwong, qua d6 ho tro bac si dinh
hwéng chién lwge diéu tri, phan ting
nguy co va toi wu héa ké hoach phuc hoi
chtrc nang cho BN.
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