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Development and validation of a risk prediction model for post - traumatic epilepsy in

pediatric traumatic brain injury based on meta-analysis of cohort studies
ZHANG Huiwen, QI Hongyu, ZHANG Hua, ZHANG Lijuan, WANG Jing, LU Weifeng"
Surgical Intensive Care Unit(SICU) , Children’s Hospital of Nanjing Medical University, Nanjing 210008, China

[Abstract] Objective: Post-traumatic epilepsy (PTE)is a common complication of traumatic brain injury (TBI) that significantly
impacts the prognosis. Early prediction of PTE risk is crucial for clinical management. Compared to adults, research on pediatric PTE
remains limited, and there is currently no widely accepted high-performance predictive model for children with TBI. This study aimed
to develop and validate a nomogram prediction model for PTE risk in pediatric TBI patients. Methods: We systematically searched the
China National Knowledge Infrastructure (CNKD) , Wanfang, Chinese Biomedical Literature Database (CBMD , VIP, PubMed, Embase,
and Web of Science for studies on risk factors of pediatric PTE, with a search timeframe from database inception to October 2024. Meta-
analysis was performed using Stata 15.0 software to identify risk factors with statistically significant pooled effect sizes. A retrospective

cohort of 262 children with TBI admitted to the surgical intensive care unit (SICU) of Nanjing Medical University Affiliated Children’s
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Hospital from January 2019 to December 2023 was included. The children was randomly split into a training cohort (70% ) and an
internal validation cohort (30% ). Based on the risk factors identified in the meta-analysis, a multivariate logistic regression model was
constructed using R software, and a nomogram was developed. The model” s discriminative ability was evaluated using the area under
the receiver operating characteristic (AUC) curve, calibration was assessed via the Hosmer- Lemeshow test, and clinical utility was
examined using decision curve analysis (DCA). Results: A total of 13 observational studies involving 1 371 819 TBI children were
included. Meta-analysis revealed that the incidence of PTE in Chinese children with TBI was 0.190(95% CI: 0.170-0.200). Based on
the meta-analysis findings and clinical expertise, the final prediction model incorporated eight key risk factors: Glasgow Coma Scale
(GCS)score; open head injury, early seizure activity, loss of consciousness, and abnormal neuroimaging findings including intracranial
hematoma, cerebral contusion, subdural hemorrhage, and subarachnoid hemorrhage. The model demonstrated strong discriminative
ability, with AUC of 0.801(95% ClI: 0.735-0.867, P < 0.05)in the training cohort and 0.831(95% Cl: 0.728-0.934, P < 0.05)in the
validation cohort. The Hosmer-Lemeshow goodness-of-fit test indicated good calibration (training cohort: P=0.079; validation cohort:
P=0.082). DCA confirmed substantial clinical net benefit. Conclusion: The PTE risk prediction model developed in this study, based

on meta-analysis-derived risk factors, exhibits excellent discrimination, calibration, and clinical utility, serving as an effective tool for

PTE risk assessment in children with TBIL.
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Table 1 Characteristics and quality appraisal results of included studies
Publication Follow-up
First author year Research year duration(years) Country/Region Study design

Yang"™® 2021 2015.1-2018.12 2.0 Xuzhou, China Retrospective study
Lit™ 2022 2005.1-2015.1 3.4(1.2,6.3) Wenzhou, China Retrospective cohort study
Zhang™" 2024 2016.6-2022.6 - Jiangxi, China Retrospective study
Zhu™" 2018 2013.1-2018.1 - Nanchang, China Retrospective cohort study
Zhang™” 2022 2015.12-2020.10 0.5 Nanjing, China Retrospective cohort study
Liu™” 2024 2015.1.1-2023.1.1 - Chengdu, China Retrospective cohort study
Li et al®” 2024 2011.1-2021.12 - Chongqing, China  Retrospective case-control study
Ulgen et al™ 2023 2014-2021 0.5 Antalya, Turkey Retrospective cohort study
Ji et al® 2022 2016.1-2020.12 - Beijing, China Retrospective study
Elsamadicy et al™” 2021 2010-2014 - USA Retrospective cohort study
Rumalla et al™ 2018 2003-2012 - USA Retrospective cohort study
Ong et al™ 1996 1993.11-1994.12 - Malaysia Prospective observational study
Mikkonen et al™” 2020 2003-2013 - Finland Retrospective cohort study

Sex Case Control ~ Total sample Positive Risk NOS
First author (Male/Female) Age(years) group(n)  group(n) size(n) rate(%)  factors  score
Yang™"’ 166/147 (8.87+4.69) (PTE); 74 239 313 23.6  crerisjro 7

(9.74x4.87) (non-PTE)

L™ 203/84 6.8(1,14) 59 231 290 20.3  acthijklmp 7
Zhang™” 96/76 6.8(1,14) 21 151 172 12.2 cdigr 7
Zhu™" 152/104 0.17-14.00 38 218 256 14.8 acdqij 6
Zhang™ 207/181 8.22+3.16 52 336 388 13.4 ijo 7
Liu™ 159/100 6.69(1,12) 52 207 259 20.1 1 7
Li et al™" 86/66 3.32(1.88,5.98) 64 68 132 48.5 cej 7
Ulgen et al™’ 298/179 5.5(2.25,0.17) 58 409 477 12.2 ei 6
Ji et al™ 68/40 4.92+3.92 35 73 108 324 dh 8
Elsamadicy et al®” 790 163/453 708 <18 10340 1233747 1244087 0.8 acdgjlmn 7
Rumalla et al™* 85 748/38 696 <18 8597 115 847 124 444 6.9 acdghmn 7
Ong et al™’ 147/88 <15 53 182 235 22.5 abqm 6
Mikkonen et al™*” - 15013, 17) 59 231 290 20.3 achk 8

Note: a=age, b=sex, c=Glasgow coma scale (GCS) , d=open head injury, e=early seizure activity, f=abnormal pupillary light reflex, g=loss of con-

sciousness, h=surgical intervention, i=intracranial hemorrhage, j=cerebral contusion, k=suprasellar cistern compression, I=subarachnoid hemorrhage,

m=subdural hemorrhage, n=epidural hemorrhage, o=lobar injury, p=brain herniation, g=cerebral infarction, r=hydrocephalus. NOS: Newcastle-Ottawa

Scale; “~": data not reported in the study.
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Table 2 Meta-analysis results of risk factors for pediatric PTE in children

Number of Sample Heterogeneity analysis
Risk factor studies References size(n) (%) P
Age 3 [19,21,30] 836 75.8 0.006
GCS score 8 [18,19,20,21,24,27,28,30] 126 274 92.6 0.065
Open head injury 5 [20,21,26,27,28] 1244 623 47.8 0.287
Immediate seisure 3 [18,24,25] 922 93.7 <0.01
Loss of consciusness 4 [21,27,28,29] 1369 022 98.8 <0.001
Neurosurgical treatment 4 [19,26,28,30] 125132 78.5 0.003
Intracranial hematoma 4 [19,20,21,22] 1 100 40.7 0.167
Cerebral contusion 6 [19,21,22,24,27,30] 1245443 82.0 <0.01
Subdural hemorrhage 4 [19,27,28,29] 1369 056 95.5 <0.01
Subarachnoid hemorrhage 3 [19,23,27] 1244 636 0 0.999
Effect Pooled result
Risk factor model OR 95%CI Z score P
Age Random 1.059 0.904-1.240 0.71 0.476
GCS score Random 1.466 0.977-2.199 1.85 0.065
Open head injury Fixed 1.750 1.310-2.340 3.78 <0.01
Immediate seisure Random 3.043 1.933-4.790 4.81 <0.01
Loss of consciusness Random 3.023 1.299-7.037 2.57 0.010
Neurosurgical treatment Random 1.256 0.643-2.453 0.67 0.504
Intracranial hematoma Fixed 3.796 2.700-4.892 6.79 <0.01
Cerebral contusion Random 2.708 1.379-5.321 2.89 <0.01
Subdural hemorrhage Random 1.302 1.165-1.438 18.66 <0.01
Subarachnoid hemorrhage Fixed 4.143 3.150-5.135 11.90 <0.01
Ges: Glasgow coma scale.
F3 KK EZERED T
Table 3 Sensitivity analysis of risk factors
. Fixed-effects model Random-effects model
Hisk factor OR 95% CI OR 95% CI
Age 1.077 1.022-1.135 1.044 0.600-1.817
GCS score 0.970 0.892-1.056 1.486 0.836-2.633
Open head injury 1.750 1.310-2.340 1.554 0.536-5.523
Immediate seisure 3.043 1.933-4.790 4.540 0.622-33.119
Loss of consciusness 1.856 1.744-1.975 2.950 1.566-5.555
Neurosurgical treatment 1.493 1.312-1.670 1.173 0.439-3.138
Intracranial hematoma 4216 3.200-5.555 3.723 2.459-5.639
Cerebral contusion 4.320 3.566-5.231 2.648 1.173-5.981
Subdural hemorrhage 3.676 3.206-4.214 2.587 1.089-6.148
Subarachnoid hemorrhage 4.183 3.305-5.294 4.183 3.305-5.294

AR TR X 3 B, Il R BB AUC A 0.80(95%CI: 0.74~
0.87, P < 0.05, B 3A), P &% 4iE BA %1 AUC 4 0.83
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R LA RUFIX 20 fiE /. DCA PRAS B I R
ROPE o SRR AR N A 1 A 22 >20%, TIAE 4 Hi i

FE A % 1 2% B T PTE 19 &% A XU 2 B X} By
A B S U7 SR A A AR IR AN TE RN,
B IR 14 U 20 Y2 2 v T RS AR 1 40, B T
HRW 25 T I KT 701, 45 5 WK 4. Hosmer-Lemeshow
P0G B A 30 VPN S B HE T, R B 4 R R TE A
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Table 4 General information of children with TBI
Variable Total (n=262) PTE group(n=65) Non-PTE group(n=194) P
Male[n(%) ] 175(66.8) 129(65.5) 6(70.8) 0.527
Agel years, M(Pas, Ps) ] 5.42(3.00,9.23) 5.92(3.58,10.08) 3.92(0.75,6.58) <0.001
Age categories[ years, n(%) ] 0.011
0-5 123(46.9) 83(42.1) 40(61.5)
5-12 82(31.3) 64(32.5) 18(27.7)
12-18 57(21.8) 50(25.4) 7(10.8)
GCS scoreL M(Pas, Pr5) ] 10.00¢6.00, 15.00) 12.00(7.00, 15.00) 6.00(5.00, 8.00) <0.001
Parameters 101(38.5) 92(46.7) 9(13.8)
GCS score[ M(Pas, Prs) ] 41(15.6) 36(18.3) 5(7.1)
GCS categories[ n(%) ] 120(45.8) 69(35.0) 51(78.5) <0.001
Hospital stay[ days, M(Pas, Pr5) ] 15.00(10.00, 24.00) 13.00(10.00,20.25) 24.00(14.00, 29.00) <0.001
ICU stay[ days, M(Pas, Pr5) ] 13.00(8.00, 22.00) 11.00(7.00, 16.00) 23.00(13.00, 28.00) <0.001
Loss of consciousness[n(%) ] 162(61.8) 109(55.3) 53(81.5) <0.001
Immediate seizures[ n(%) ] 49(18.7) 25(12.7) 24(36.9)
Injury mechanisms[n(%) ] <0.001
Traffic accident 157(59.9) 124(62.9) 33(50.8)
Fall(<1 m) 21(8.0) 7(3.6) 14(21.5)
Fall(>1 m) 66(25.2) 55(27.9) 11(16.9)
Violent injury 13(5.00 9(4.6) 4(6.2)
Unkown 5(1.9) 2(1.0) 3(4.6)
Conservative management[ n(%) ] 199(76) 163(82.2) 36(55.4) <0.001
Neurosurgical operation[n(%) ] 45(17.2) 24(12.2) 21(32.3) <0.001
Decompressive craniectomy[n(%) ] 24(9.2) 7(3.6) 17(26.2) <0.001
Open head injury[n(%) ] 57(21.8) 49(24.9) 8(12.3) 0.05
Subdural hemorrhage[n.(%) ] 86(32.8) 56(28.4) 30046.2) 0.013
Epidural hemorrhage[n(%) ] 43(16.4) 36(18.3) 7(10.8) 0.221
Intracranial hematomal n(%) ] 49(18.7) 26(13.2) 23(35.4) <0.001
Intraventricular hemorrhage[n(%) ] 28(10.7) 12¢6.1) 16(24.6) <0.001
Subarachnoid hemorrhage[n.(%) ] 147(56.1) 97(49.2) 50(76.9) <0.001
Diffuse axonal injury[n(%) ] 75(28.6) 50025.4) 25(38.5) 0.062
Cerebral contusion[ n(%) ] 152(58.0) 98(49.7) 54(83.1) <0.001
Skull fracture[ n(%) ] 158(60.3) 117(59.4) 41(63.1) 0.704
Suprasellar cistern compression[ n(%) ] 203(77.5) 167(84.8) 36(55.4) <0.001
Marshall CT classification[ M(Pas, Ps5) ] 2.00(2.00, 6.00) 2.00(1.00,2.00) 6.00(2.00,6.00) <0.001

AL A A1) 601 565 31 A 271w A Y 000 A 5 552 B U0 A 2
8] () 22 S V% Geit 2 = L GAR BN A1 : P=0.079; 3&1F
BAA: P=0.082) , B4 A R 47 (K 5) .

3 1 i

AW 7T iE i XF 13 3 TBI JL # PTE f& % X & 0F
FHEAT T Meta 207, T Meta 20 H7 75 106 45 T A4 2 X
I T A 2 e 22 i) 21 2 P, A AR R A Py 5 56 A BA 51
TR I B R X 53 B 70 SRS HEFE , AR 9T 7R 1%
R B BT e PRANMA

2022 4E —F5 51 % )L # PTE ) Meta 43 #7 BF 8.5
27~ )L E PTE 1) K % 2% N 10% (95% Cl: 5.9% ~
15.0%) , 11 A [=] J5 14 A &1 TBI &) L) PTE & 99 %
924.8%, Ho A [ X R EE N 19.0% . EHAFEE
(1 52 AHIF 50 fe &GN N I SCHR R 3 0 ICU ALK,
ook b 0 PRARE 1 R 2 43 D 32.49%
F148.5%, X Al G 5 H AW N 700 %43 53 b &
FE TBI MV EL FE TBI &8 JLAH G . PTE RIAEM E RS
WF 70 RE A KR AE 25 DA %, 3t X L a8t 4% TR & L A5 Bl
il BRyT KPR R T e e g R . DRIk JLEE TBL G



46555 1 1] TRECC AR R, 5k M, S LE 3 S N P T A R R g S IR JE T A BRI AL
20264E1 A Meta 7> HT[J ], B RS BB 254 CH AR R , 2026, 46 (1) : 82-93 « 89 -

x5 UIGRBAT S IEPA T B9 B L TR LR

Table 5 Comparison of general characteristics between tranning cohort and validation cohort

Variable Total (n=262) Traning cohort(n=183) Validation cohort(n=79) P
PTE[n(%) ] 65(24.8) 44(24.0) 21(26.6) 0.779
Male[n(%) ] 175(66.8) 128(69.9) 47(59.5) 0.132
Agelyears, M(Pas, Prs) ] 5.42(3.00,9.23) 5.08(2.96,8.50) 6.00(3.16,10.25) 0.112
Age categories[ years, n(%) ] 0.221
0-5 123(46.9) 91(49.7) 32(40.5)
5-12 82(31.3) 57(31.1) 25(31.6)
12-18 57(21.8) 35(18.2) 22(27.8)
GCS scorel M(Pas, Prs) ] 10.0€6.0, 15.00 9.0(6.0, 14.0) 12.00(6.00, 15.00) 0.153
GCS categories[n(%) ] 0.283
13-15 101(38.5) 65(35.5) 36(45.6)
9-12 41(15.6) 29(15.8) 12(15.2)
3-8 120(45.8) 89(48.6) 31(39.2)
Loss of consciousness[1n(%) ] 162(61.8) 116(63.4) 46(58.2) 0.515
Immediate seizures[n(%) ] 49(18.7) 40(21.9) 9(11.4) 0.069
Open head injury[n(%) ] 57(21.8) 38(20.8) 19(24.1) 0.668
Subdural hemorrhage[ n(%) ] 86(32.8) 59(32.2) 27(34.2) 0.870
Intracranial hematomal n.(%) ] 49(18.7) 35(19.1) 14C17.7) 0.924
Subarachnoid hemorrhage[ (%) ] 147(56.1) 106(57.9) 41(51.9) 0.444
Cerebral contusion[n(%) ] 152(58.0) 114(62.3) 38(48.1) 0.046
Risk of PTE 0 10 20 30 40 50 60 70 80 90 100
GCS score L L i L L L L 1 L L
15 14 13 12 11 10 8 7 6 5 4
Open head injury (u)
1
Immediate seizures 1
0
Loss of consciousness 1
1
Intracranial hematoma 1
1
Cerebral contusion :
1
Subdural hemorrhage —
Subarachnoid 1
hemorrhage 0 '

Total points 1 1 | | \

0 20 40 60 80 100 120 140 160 180 200 220 240 260

Risk of PTE L L
0.1 0.3 0.5 0.7

2 TBIJLEAA PTE R FRMAEEL S 2
Figure 2 Nomogram prediction model for PTE in children with TBI
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A:ROC curve of the prediction model in the traning cohort. B: ROC curve of the prediction model in the internal validation cohort.
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Figure 3 ROC curve of the prognostic model for PTE in children with TBI
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A: DCA of the prediction model in the training cohort. B: DCA of the prediction model in the validation cohort. All: scenario where all samples are

considered positive (intervention for all) , with net benefit represented by a negative-slope line; None: scenario where no samples were intervened (inter-

vention for none), yielding a net benefit of 0.
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Figure 4 DCA curves of the prognostic model for forecasting PTE in children with TBI
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Figure 5 Calibration curve analysis of the prognostic model for forecasting PTE probability in TBI children
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