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combined with invasive intracranial pressure (ICP) monitoring in the early outcomes for patients with moderate-
to-severe traumatic brain injury (msTBI) after ICP probe insertion surgery. Methods A retrospective case-
control analysis was conducted on the clinical data of 65 msTBI patients who underwent invasive ICP probe
insertion surgery within 24 h after injury and routine TCD examination postoperatively in No. 904 Hospital of
Joint Logistic Support Force of Chinese PLA between January 2021 and March 2025. Based on whether
disease progression met the indications for craniotomy, they were divided into a failed conservative treatm ent
group (n=28) and a successful conservative treatment group (n=37). Baseline clinical data, and parameters of
TCD and ICP monitoring were collected in both groups. Univariate analysis was used for comparing
differences in various parameters between the groups. The variables related to ICP and TCD were denoted as
Model 1, and variables that significantly affected the outcome were incorporated as potential confounding
factors into Model 2 based on clinical experience. Multivariate logistic regression analysis was performed to
screen for independent predictors of conservative treatment failure. Receiver operating characteristic (ROC)
curves were plotted to evaluate the diagnostic efficacy of each predictive factor. Results Statistical
differences were observed between the 2 groups in terms of Glasgow Coma Scale (GCS) score at admission,
postoperative mean intracranial pressure (ICPm), postoperative mean cerebral perfusion pressure (CPPm), and
pulsatility index (PI) of the ipsilateral internal carotid artery extracranial segment (ICAt), and mean flow
velocity (Vm) and pulsatility index (PI) of the ipsilateral middle cerebral artery (MCA) (all P<0.01). After
adjusting for age, GCS score at admission, hematoma volum, and mean postoperative brain temperature,
multivariate logistic regression analysis revealed that [CPm (OR=1.248, 95%CI: 1. 044~1.491, P=0.015),
ipsilateral MCA. Vm (OR=0. 964, 95%CI: 0. 933~0. 997, P=0.034), and ipsilateral MCA. PI (OR=1. 612,
95%CI: 1. 026~2. 533, P=0. 038) were independent predictors of failure in conservative treatment in msTBI
patients. After adjustment, ROC curve analysis demonstrated that the combined model of ipsilateral MCA.
PI, ipsilateral MCA. Vm, and TICPm achieved a predictive efficacy of 0.931 (95%CI: 0. 873~0. 988), which
was obviously higher than that of the single model of ICPm (0.875, 95%CI: 0.791~0.959).
Conclusion Combined monitoring of TCD and ICP can provide a more accurate prediction of the early
outcomes for msTBI patients after ICP probe insertion, providing a more effective assessment for clinical
diagnosis and treatment.

[Key words | moderate-to-severe traumatic brain injury; intracranial pressure; transcranial Doppler

ultrasound ; mean flow velocity; pulsatility index
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Table 1 Univariate analysis of clinical data between the successful and failed conservative treatment groups after ICP

probe insertion [n(%), M(P,;,P,;), &+s]

Variables Successiul COF;E?7a)tiVB reatment conservativeFSisl;t(:nent(n:28) X7z P
Male 25(67.6) 22(78.6) 0. 964 0.326
Agelyears 60. 00(48. 50,65. 50) 58.00(42. 25,66.75) -0. 696 0. 486
Blood glucose 9.40(7.73,10. 66) 9.55(7.60,14. 68) 1.332 0. 183
Temperature/C 36.50(36. 50,36. 70) 36.50(36.33,36.58) -1.625 0. 104
SBP/mmHg 145. 84+31. 99 145.96+32. 12 0.016 0. 987
DBP/mmHg 82.97+16.22 87.75+18.33 1.112 0.271
Underlying diseases
Hypertension 1.473 0. 225
Positive 16(43.2) 8(28.6)
Negative 21(56.8) 20(71. 4)
Diabetes 0. 000 1. 000
Positive 6(16.2) 5(17.9)
Negative 31(83.8) 23(82. 1)
Coronary heart disease 0. 000 1. 000
Positive 3(8.1) 3(10.7)
Negative 34(91.9) 25(89.3)
Anticoagulant drug 0.061 0. 804
Positive 1(2.7) 2(7.1)
Negative 36(97.3) 26(92.9)
GCS score 9.00(7.00,12.00) 5.50(4.00,9.00) -3.332 <0. 001
Cause of injury 0. 149 0. 700
Car accidents 28(75.7) 20(71.4)
Fall 9(24.3) 8(28.6)
Type of injury 0. 402 0. 526
Open craniocerebral injury 13(35.1) 12(42.9)
Closed craniocerebral injury 24(64.9) 16(57. 1)
Intraventricular bleeding 0.225 0. 635
Positive 15(40.5) 13(46. 4)
Negative 22(59.5) 15(53.6)

(R1%TF )
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ZR1 ICPHREIBEARBERTFIBFTHWBFMRTETRMABERKRZIHEERIN [#1(%), M(Py, Pyy) ,xs]

Table 1 (Continued )
ICP probe insertion [n(%), M(P,;,P,,), x+s]

Univariate analysis of clinical data between the successful and failed conservative treatment groups after

Successful conservative treatment

Failed

Variables (n=37) conservative treatment(n=28) ixlz P

Site 3.870 0. 435

Frontal 14(37.8) 11(39.3)

Brainstem 5(13.5) 2(7.1)

Temporalis 12(32.4) 14(50.0)

Cerebellum 2(5.4) 0

Occipital lobe 4(10.8) 1(3.6)
Type 5.382 0.104

CH 2(5.4) 0

EDH 4(10.8) 0

SDH 26(70.3) 26(92.9)

PBSH 5(13.5) 2(7.1)
CT hematoma volume/mL 17.03(9.19,19.37) 18.42(11.17,22.29) 0.715 0.474
CT MLS/mm 0.00(0. 00,2. 52) 0.00(0. 00,2.73) 0.519 0. 604
Intraoperative ICP/mmHg 10. 00(7.50,13. 00) 13.00(7.25,15.00) 1.429 0.153
Postoperative [CPm/mmHg 17.00(13. 50,22. 00) 23.50(22. 00,26. 00) 4.343 <0. 001
Postoperative CPPm/mmHg 65. 54+10. 76 57.04+12. 87 -2. 899 0. 005
POBTm/C 37. 44+0. 95 37. 11x0. 80 -1.481 0. 144
ICAL. Vm/(em/s) 30. 00(24. 10,34. 55) 27.20(24.15,31.43) -1.683 0. 092
ICAL. PI 1.04(0.93,1.19) 1.29(1.12,1.36) 4.254 <0. 001
MCA. Vm/(cm/s) 78.10(57.50,97. 50) 50. 80(42.00,73.25) -3.903 <0. 001
MCA. PI 1. 08+0. 19 1.32+0.22 4.748 <0. 001

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; GCS: Glasgow coma scale; CH: Cerebellar hemorrhage; EDH: Epidural

hematoma; SDH: Subdural hematoma; PBSH: Primary brainstem hemorrhage; MLS: Midline shift; POBT: Postoperative brain

temperature; ICP: Intracranial pressure; CPP: Cerebral perfusion pressure; Pl: Pulsatility index; Vm: Mean flow velocity; ICAt: Internal

carotid artery extracranial segment; MCA : Middle cerebral artery
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Table 2 Multivariate logistic regression analysis on influencing factors for failure in conservative treatment in patients

after ICP probe insertion

Variables B SE Wald ¥’ P OR 95%CI

Icp ICPm 0. 262 0.072 13.089 <0. 001 1.300 1.128~1. 498

ICPm 0. 185 0.078 5. 668 0.017 1.203 1.033~1.401

Model 1 TCD+ICP MCA. Vm -0.022 0.014 2.339 0. 126 0.978 0.951~1. 006
MCA. PIx10 0. 493 0.202 5.938 0.015 1.636 1.101~2. 432

Icp ICPm 0.269 0. 08 11.259 0. 001 1.309 1.118~1.531

ICPm 0.221 0. 091 5.909 0.015 1.248 1. 044~1. 491

Model 2 TCD+ICP MCA. Vm -0.036 0.017 4. 497 0. 034 0. 964 0.933~0. 997
MCA. PIx10 0. 478 0.230 4.298 0. 038 1.612 1.026~2. 533

ICP: Intracranial pressure; TCD: Transcranial Doppler ultrasound; PI: Pulsatility index; Vm: Mean flow velocity; MCA: Middle cerebral artery

£33 ICPERLBARIGBERTFIET R0 E R TN 6E L8

Table 3 Comparison of predictive efficacy of factors affecting the failure of conservative treatment after ICP probe insertion

Variables AUC 95%CI SE P Sensitivity Specificity ocv YI

ICPm 0. 816 0.711~0.921 0. 054 <0. 001 0.714 0.784 22.5 0. 498
MCA. Vm 0.784 0.671~0. 897 0. 058 <0. 001 0.571 0. 892 52.5 0. 463
MCA. PI 0. 826 0.727~0. 926 0. 051 <0. 001 0. 821 0.703 1. 165 0.524

ICP: Intracranial pressure; PI: Pulsatility index; Vm: Mean flow velocity; MCA : Middle cerebral artery

A3 BT BEA 1 RTAL A 2 v (i 1CP S PR R B A K
TCD+ICP AT ROC HIZR 43T, 45 51 S /s A5 A5
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(95%CI: 0. 873~0. 988) , {3 /= T 1CPm [ Tl 54 A
#E—2BUE B T TCD+ICP BX A Wi I AE msTBI & & /57
TBIT R R TRINAE T, L2 4 FIE 1
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ST

M R AN [E K- ICP R TCD W il A 5, 43 531 %o
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22mmHg [ Fili N 385 755 21 (33 f51)) H iy s 473 ) MCA. Pl
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BRI ICPm G OL T, JEA I MCA. PLEAJ ] T 15t
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x4 ICPHRLBANNRIGEERTIATT R MH 4 2 Y T 3
HELb B
Table 4 Comparison of predictive efficacy of the models for

the failure in conservative treatment after ICP probe insertion

Variables AUC 95%CI S. E. P
Model 1 ICP 0.816  0.711~0.921  0.054  <0.001
TCD+ICP 0.892  0.816~0.968 0.039  <0.001
Model 2 ICP 0.875 0.791~0.959  0.043  <0.001
TCD+ICP 0.931 0.873~0.988 0.029  <0.001

ICP: Intracranial pressure; TCD: Transcranial Doppler ultrasound

#x5 HEHRTCDIEHREFEZE Logistic B )35 #7

Table 5 Univariate logistic regression analysis of TCD indicators at different stratifications

Variables ICP B S. E. Wald * P OR 95%CI
1CPm<22 -0. 083 0. 036 5.268 0.022 0.921 0. 858~0. 988
MCA. Vm
ICPm=22 -0.017 0.014 1.591 0.207 0.983 0.957~1. 010
1CPm<22 1.227 0.531 5.349 0. 021 3.411 1.206~9. 651
MCA. PIX10
ICPm=22 0. 405 0.188 4.651 0. 031 1. 499 1.038~2. 164

TCD: Transcranial Doppler ultrasound; ICP: Intracranial pressure; MCA: Middle cerebral artery; PI: Pulsatility index; Vm: Mean flow velocity
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