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Risk factors analysis and Bayesian network model construction of hydrocephalus
after decompressive craniectomy in patients with cerebral hernia after traumatic
brain injury
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[Abstract] Objective To screen the risk factors of hydrocephalus after decompressive craniectomy
in patients with cerebral hernia after traumatic brain injury (TBI), and construct a Bayesian network model
based on the risk factors. Methods A total of 77 patients with cerebral hernia after TBI who underwent
decompressive craniotomy in Nanjing Tongren Hospital Affiliated to Southeast University from March 2020

to January 2022 were included. They were divided into hydrocephalus group (n = 25) and non -
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hydrocephalus group (n =52) according to whether hydrocephalus was complicated after surgery. The risk
factors of hydrocephalus after decompressive craniectomy in patients with cerebral hernia after TBI were
analyzed by univariate and multivariate Logistic regression analyses. The Bayesian network model was
constructed based on the risk factors, and the receiver operating characteristic (ROC) curve and calibration
curve were drawn and Hosmer-Lemeshow goodness-of-fit test was conducted. Results In hydrocephalus
group, the Glasgow Coma Scale (GCS) score at admission (¢ =2.178, P =0.032), the ratio of cerebrospinal
fluid replacement after lumbar puncture (x° = 8.675, P = 0.003), and the level of B2 -microglobulin after
operation (¢ = 11.146, P = 0.000) were lower than those in non-hydrocephalus group, while subarachnoid
hemorrhage (x> =5.901, P =0.015), bilateral operation (x* = 6.441, P =0.011), the ratio of dural unstitched
during operation (x’ =9.759, P =0.002), postoperative intraventricular hemorrhage (x* = 8.938, P = 0.003),
postoperative midline displacement > 10 mm (x* = 7.589, P = 0.006), and intracranial infection (x*=4.519,
P =0.034), as well as postoperative coma time (¢ = 2.709, P = 0.008) were higher than those in non -
hydrocephalus group. Logistic regression analysis showed that subarachnoid hemorrhage (OR = 1.885,
95%Cl: 1.432-2.240; P = 0.012), dural unstitched during operation (OR = 1.468, 95%CI: 1.215-1.930; P =
0.006), long postoperative coma time (OR = 1.574, 95%Cl: 1.358-1.926; P = 0.007), postoperative
intraventricular hemorrhage (OR = 1.550, 95%CI: 1.254-1.768; P = 0.010), the level of B2- microglobulin
increased after operation (OR = 1.622, 95%CI: 1.165-1.840; P = 0.004) were risk factors for hydrocephalus
after decompressive craniectomy in patients with cerebral hernia after TBI. Based on these 5 factors, the
Bayesian network model was constructed, and the area under ROC curve was 0.886 (95%CI: 0.823-0.925,
P = 0.000). The calibration curve showed that there was a good consistency between the predicted
probability and the actual probability, while the Hosmer-Lemeshow goodness-of-fit test showed no significant
difference (x° =8.760, P = 0.232), which indicated that the model had good discrimination, calibration and
accuracy. Conclusions Subarachnoid hemorrhage, dural unstitched during operation, long postoperative
coma time, postoperative intra ventricular hemorrhage, and elevated B2 -microglobulin level are the risk
factors for hydrocephalus after decompressive craniectomy in patients with cerebral hernia after TBI.

[Key words] Brain injuries, traumatic; Encephalocele; Decompressive  craniectomy;
Hydrocephalus; Postoperative complications; Risk factors; Logistic models; Bayes theorem
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Table 1. Comparison of clinical data between hydrocephalus group and non-hydrocephalus group
W b ARBAS BRKA g pin | wsnbs AP WRKSL it i
I [6(%) ] 0.243  0.622 || G 4(%) ] 0.044 0.835
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IR (s, %) 42.85+10.55 43.16+10.48  0.121  0.904 || FAMH[#1(%)] 6.441 0011
R[] (%) ] 24(46.15)  10(40.00)  0.259 0.611 | il 40(76.92)  12(48.00)
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BERRF i o 13(25.00)  6(24.00) A5 IS A g [ (%) ] 16(30.77)  14(56.00) 4519 0.034
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it 5 11(21.15)  5(20.00)
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Table 2. Variable assignment of related influencing factors of hydrocephalus after decompressive craniectomy in patients with
cerebral hernia after TBI
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Table 3. Univariate Logistic regression analysis of related influencing factors of hydrocephalus after decompressive
craniectomy in patients with cerebral hernia after TBI
A i b SE  Wald x> P ORfi OR95%Cl || b SE  Wald x> P{i ORfi OR 95%CI
Ll 0376 0288  2.611  0.120 1.456 1.286~2.466 || fiki{% %% 0.750 0.554 2708  0.220 2.130 1.745~2.436
Ek 0919 0.745 2467 0204 2507 2.055~3.382 | AIFWRMAE T REdM 0434 0272 3.191  0.010 1544 1.156~1.785
o I FE 0.972  0.660 2.945 0.176 2.643 2.121~3.878 || XU F-A 0.360 0.288  2.500  0.052 1433 1235~2.072
TR 0720 0.552  2.609  0.152 2054 1.582~2.795 || F-AMm ] 0.940 0.655 2.870  0.541 2.560 2.265~2.782
AR 1274 0.854  2.984 0220 3.576  2.372~4.563 || AR 4% A B i 0.508  0.320  3.175  0.009 1.662 1.256~1.940
R 0.810 0780 2.077 0211 2247 1.696~2.687 || RJ5 &2k} ] 0.574 0346 3318 0012 1776 1.416~2.254
ABEIF GCSTESY  0.623 0496 2512 0.060 1.865  1.432~1.996 || A J ki % FL i 0.486 0320 3.038 0.026 1.625 1.404~1.960
B P 1.145  0.762  3.005 0423 3.142 2.562~3.433 || RJFHNE 0.622 0387 5168 0340 1.862 1.585~2.143
BIGG A #1233 0.875 2818  0.566 3.432  2.857~3.766 || A5 T4 0.610 0450 2711 0243 1840 1.642~2.016
PIHETFB 0932 0672 2774 0192  2.540 1.863~2.880 || RJGMEMEFHIEE W 0.581 0432 2.690 0.120 1.787 1.542~2.250
EHA
BT 0521 0435 2395 0.090 1.684 1.320~2.252 |[ AJ5 I K 1A R 0.514 0337  3.050 0.165 1672 1308~1.877
BT il fe 1.049 0764 2746 0302 2855 2473~3.164 || RJG P2k EN 0377 0.156  4.833  0.005 1458 1.167~1.732
Z K 1L 0.534 0386 2767 0255 1.722 1336~2.087
GCS, Glasgow Coma Scale, Glasgow F 3k it %
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Table 4. Multivariate stepwise Logistic regression analysis of related influencing factors of hydrocephalus after decompressive
craniectomy in patients with cerebral hernia after TBI

AL i b SE Waldy> P{H ORfE  OR95%CI |[Zt b SE Wald x> P ORf OR95%CI
AIFVRMIBE R 0.634 0462 2745 0012 1.885 1.432-~2.240 | RGMEMIM 0438 0226 3.876 0.010 1.550 1.254~1.768
R RGEATEMBE 0384  0.146 5260  0.006 1.468 1215~1930 || RJFR2HIKEM 0484 0215 4502  0.004 1.622 1.165~1.840
A Bkt e 0.454 0270 3363  0.007 1.574 1.358~1.926 || &% 2432 0525  8.154  0.000
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Figure 1 The structure of Bayesian network model for
hydrocephalus after decompressive craniectomy in patients
with cerebral hernia after TBI.
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Figure 3 The ROC curve of the Bayesian network model
showed the area under the curve was 0.886 (95%CI: 0.823—
0.925, P = 0.000), suggesting that the prediction efficiency
of the model was good.
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Figure 2 Inference diagram of Bayesian network model
for hydrocephalus after decompressive craniectomy in
patients with cerebral hernia after TBI with subarachnoid
hemorrhage and postoperative intraventricular hemorrhage.
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Figure 4 The calibration curve of the Bayesian network
model showed the trend of the model curve was consistent
with the ideal curve, suggesting that the accuracy of the
model was good.
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