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ABSTRACT

Background: This study primarily aimed to assess the volumetric attributes of the midbrain and perimesencephalic
structures preoperatively and following surgical interventions in patients diagnosed with brain herniation
secondary to traumatic brain injury (TBI).

Methods: We evaluated patients based on radiological findings and clinical symptoms indicative of brain
herniation. We performed semi-automated segmentation of the intracranial structures most relevant to trauma
and of interest for the current study, such as hematoma, ventricles, midbrain, and perimesencephalic cisterns.
Using preoperative and postoperative computed tomography scans, we measured and analyzed the volume of
these structures. Patients were grouped based on their discharge Glasgow Coma Scale (GCS) scores: GCS 15 and
non-GCS 15.

Results: From May 2018 to February 2020, we included 20 patients in the study. Our volumetric analysis revealed
that preoperative midbrain volume (5.84 cc vs. 4.37 cc, P = 0.034) was a significant differentiator between GCS
15 and non-GCS 15 groups. Preoperative midbrain volume remained significant in univariate (odds ratio
[OR] = 2.280, 95% confidence interval (CI) = 1.126-5.929, P = 0.04) and multivariate logistic regression analysis
(adjusted OR = 3.204, 95% CI = 1.228-12.438, P = 0.038) even after adjusting for age, sex, and admission
GCS score. We identified a cut-off point of 4.86 ccs in preoperative midbrain volume, which demonstrated a
discriminatory performance of 0.788 area under the receiver operating characteristic curve, 80.0% accuracy,
77.8% sensitivity, and 81.8% specificity between the two groups.

Conclusion: Our findings suggest that patients presenting with lesser midbrain compression preoperatively
tended to have improved clinical outcomes postsurgery. Thus, we propose that this preoperative midbrain volume
cut-off point holds predictive value for clinical outcomes within our cohort.

Keywords: Brain herniation, Hematoma, Midbrain, Traumatic brain injury, Volumetric analysis

INTRODUCTION

The complexities of traumatic brain injuries (TBIs) have become an area of intensive research
in recent years, particularly with an emphasis on how anatomical regions such as the
perimesencephalic structures and midbrain might impact patient outcomes. Evidence has
indicated that these structures could have crucial implications in post-TBI outcomes.!!®!
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Moreover, the structural and functional alterations in these
regions, especially the midbrain, in determining the severity
of TBIs and the subsequent patient recovery processes are
also being explored.?#1%

Previous literature on this subject has largely focused on
clinical and demographic factors, with less attention paid
to the predictive value of anatomical structures discerned
through imaging techniques. The advancements in computed
tomography scan (CT) and magnetic resonance imaging
(MRI) technologies have prompted a need for more extensive
investigations into the volumetric attributes of the brain and
their possible correlation with TBI prognosis.[*>”! However, a
comprehensive study analyzing volumetric attributes of the
midbrain and perimesencephalic structures and their impact
on post-TBI patient outcomes remains limited.

Against this backdrop, our aim in this study is twofold. First,
we aim to explore the potential associations between the
volumetric attributes of the midbrain and perimesencephalic
structures and the prognosis of TBI patients. Second, we
aspire to determine whether these measurements can serve as
reliable predictors for patient outcomes, specifically focusing
on the discharge Glasgow Coma Scale (GCS) score.

MATERIALS AND METHODS

We conducted a retrospective review of prospectively
gathered data from a Level II trauma center, collected between
May 2018 and February 2020, with the approval of the Icahn
School of Medicine at Mount Sinai institutional review board.

Inclusion criteria

We included patients above 18 years of age who suffered a TBI
and required surgical treatment for intracranial pathologies
such as acute subdural hematoma (SDH), acute-on-chronic
SDH, acute brain contusion, and acute epidural hematoma
(EDH). The inclusion was further based on clinical or
radiological evidence of brain herniation. Clinical signs of
brain herniation included a GCS score of <8 upon arrival,
sudden GCS decline, or anisocoria. Radiological evidence
from the CT included midbrain compression, midline shift,
uncal herniation, and compression of mesencephalic cisterns.

Data collection

We compiled demographic and clinical data, encompassing
age, sex, admission GCS score, pupillary reactivity, length
of stay (LOS), length of intensive care unit (ICU) stay (ICU-
LOS), days on ventilation, Injury Severity Score (ISS),
surgical intervention necessity, discharge motor examination,
discharge destination, mortality, and discharge GCS score.

CT scans upon arrival and immediately postsurgery
were obtained. The standard “trauma protocol” included
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5-mm axial slides from the foramen magnum to the
vertex. We used the free software 3D Slicer® for semi-
automated segmentation of CT scans. The segmented
structures included “perimesencephalic cistern” (blue
sky), “midbrain” (yellow), “right ventricle” (light green),
“left ventricle” (dark green), and “hematoma” (red),
which encompassed SDH, EDH, and contusions. Each
segmentation was meticulously supervised and manually
corrected as necessary.

Volumetric analysis

After loading images into 3D Slicer, we employed the
automated “Volume/Density” tool, consistent with “brain,”
and ensured axial cuts were at 5.0-mm slides. Initially, a
semi-automatic volume analysis was conducted, adjusting
the desired Hounsfield Units (HU) for each structure. The
HU range for “perimesencephalic cistern,” “right ventricle,”
and “left ventricle” was set between 0 and 10, matching
cerebrospinal fluid (CSF) density. The “midbrain” was set
between 20 and 40, consistent with gray and white matter,
while the “hematoma” density ranged between 60 and 80
HU. Subsequently, the “Draw” tool was used for manual
segmentation, examining all slices and outlining the
boundary of the intended structure.

For the midbrain, we defined its boundaries in a caudal-
rostral and anterior-posterior orientation. The caudal
anatomical limit was the mesencephalic-pons groove;
rostrally, we selected the final slice where the cerebral
peduncle can be identified under the thalamus. Anteriorly,
the silhouette of the peduncles and the interpeduncular fossa
were used as reference points, while the identification of the
quadrigeminal plate demarcated the posterior boundary.
In general, midbrain segmentation requires 2 or 3 slides to
cover these specified boundaries.

The perimesencephalic cistern was defined based
on anatomical landmarks on the CT, including the
interpeduncular, crural, ambient, and quadrigeminal
cisterns. Given the compression of these cisterns, we
incorporated every segment with permeable CSF space
around the midbrain, which typically involved 2 or 3 axial
slices for analysis.

Upon finishing the drawing, we executed the volumetric
(expressed in cm’) analysis for the structures of interest.
Figures 1 and 2 illustrate an example of the volumetric
analysis using this software.

Outcome of interest

The outcome of interest of the current study was the
discharge GCS group. Two discharge GCS groups, “GCS
15” and “non-GCS 157, were obtained by dichotomizing the
variable discharge GCS score.
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Figure 1: Example of a patient with large right acute subdural hematoma (red) causing significant mass effect. (a) Axial images showing
displacement of the right (light green) and left (dark green) lateral ventricles, (b-d) the perimesencephalic cisterns (blue sky), and the
midbrain (beige); (e-h) 3D reconstruction with a left lateral view showing the structures above; (i-1) A frontosuperior view of the axial images
showing the compression of the midbrain and partial effacement of perimesencephalic cisterns. Red: Subdural hematoma; beige: midbrain;
light green: right lateral ventricles; dark green: left lateral ventricles; blue: perimesencephalic cisterns.

Predictor variables

The predictor variables included (1) clinical and demographic
data, including age, sex, admission GCS score, pupil
reactivity, LOS, presence of surgical intervention, ICU-LOS,
days on ventilation, and ISS; (2) preoperative volumetric
measurements, including preoperative hematoma, midbrain,
perimesencephalic subarachnoid space (SAS), right ventricle,
left ventricle, and total ventricular volumes; (3) postoperative
volumetric =~ measurements,  including  postoperative
hematoma, midbrain, perimesencephalic SAS, right ventricle,
left ventricle, and total ventricular volumes; and (4) the change
in these preoperative and postoperative measurements.

Statistical analysis

We conducted all statistical analyses using R 4.1.311 in
conjunction with RStudio 2022.02.1 + 461.1 Descriptive

analyses reported means (+ standard deviations) for normally
distributed continuous variables, medians (interquartile
ranges) for nonnormally distributed continuous variables, and
counts (percentages) for patients. We used the independent
t-test to compare normally distributed continuous variables
with equal variances between groups, the Welch’s t-test for
normally distributed continuous variables with unequal
variances, the Mann-Whitney U test for nonnormally
distributed continuous variables, and the Pearson’s Chi-
squared test for categorical variables. Normality was tested
through the Shapiro-Wilk test and Levene’s test evaluated the
equality of variance. For variables derived from preoperative
and postoperative volumetric analyses, paired samples
t-tests determined any statistically significant differences.
Differences were deemed significant at a P-value of 0.05.

In addition to descriptive statistical analyses, we carried
out univariate and multivariate logistic regression analyses
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Figure 2: Assessment of postoperative changes on the same patient as Figure 2. (a) Axial images showing relief of midline shift over the
right (light green) and left (dark green) lateral ventricles and a new right cranial defect after a decompressive hemicraniectomy, and (b-d)
improvement of the visibility of the perimesencephalic cisterns (blue sky) and midbrain (beige); (e-h) 3D reconstruction with a left lateral
view showing residual subdural hematoma and improvement in ventricular diameter; (i-1) A frontosuperior view of the axial images showing
improvement over the midbrain compression and perimesencephalic cisterns. Red: Subdural hematoma; beige: midbrain; light green: right
lateral ventricles; dark green: left lateral ventricles; blue: perimesencephalic cisterns.

to inspect the relationship between the variables and the
outcome. Initially, a univariate analysis was performed
to uncover potential associations of all variables with the
outcome defined by the discharge GCS. Variables with a
P < 0.05 in the univariate logistic regression analysis were
subsequently included in the multivariate analysis, adjusted
for age, sex, and admission GCS due to their potential
predictive value. Variables with a P < 0.05 in the multivariate
logistic regression analysis were considered independent
predictors of the outcome. Receiver operating characteristic
(ROC) curves and cutoff values for the independent
predictors were obtained using the R package, cutpointr.l'”)

RESULTS

Table 1 presents demographic and clinical variables of the
patient population for both the GCS 15 (n = 9) and GCS<15
(n = 11) groups, as well as the total sample. The LOS, ICU
LOS, days on ventilation, and discharge motor examination
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findings significantly differed between the two groups.
Among the variables derived from volumetric analyses, only
the preoperative midbrain volume [Figure 3] demonstrated
statistical significance [Table 1]. Table 2 contains the results
regarding the change in preoperative and postoperative
volumetric measurements. It was observed that “hematoma
volume” and “perimesencephalic SAS volume” significantly
changed post-operatively.

In the univariate logistic regression analysis [Table 3], the
only variable that was found to be statistically significant was
the preoperative midbrain volume (odds ratio [OR] = 2.280,
95% confidence interval [CI] = 1.126-5.929, P = 0.043). Since
it was the only statistically significant variable, preoperative
midbrain volume was the only variable analyzed with the
multivariate logistic regression model [Table 4]. When it was
adjusted for age, sex, and admission GCS, the preoperative
midbrain volume remained statistically significant (adjusted
OR = 3.204, 95% CI = 1.228-12.438, P = 0.038) and,
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Table 1: Patient characteristics.

Variables GCS 15 (n=9) Non-GCS 15 (n=11) Total (n=20) P-values
Mean (+SD), Median (IQR), or n (%)

Age 61.56 (+17.95) 62.91 (+20.15) 62.3 (+18.71) 0.876
Sex

Female 4 (44.4%) 4 (36.4%) 8 (40.0%) 1.0

Male 5 (55.6%) 7 (63.6%) 12 (60.0%)
Admission GCS 13.0 (7.0) 8.36 (+4.18) 9.5 (8.0) 0.116
Pupil reactivity

Anisocoria 1(11.1%) 5 (45.4%) 6 (30.0%) 0.239

EOMI 8 (88.9%) 6 (54.6%) 14 (70.0%)
LOS 10.22 (+5.67) 26.0 (25.0) 14.5 (16.5) 0.017
ICU-LOS 2.25 (3.34) 16.29 (+14.27) 4.99 (10.93) 0.023
Days on ventilation 0.0 (2.0) 15.18 (+14.11) 3.0 (13.0) 0.012
1SS 25.0 (8.0) 25.0 (1.0) 25.0 (1.0) 0.165
Surgery

Craniotomy 7 (77.8%) 4 (36.4%) 11 (55.0%) 0.161

Decompressive hemicraniectomy 2(22.2%) 7 (63.6%) 9 (45.0%)
Preoperative hematoma volume (cc) 75.59 (+39.14) 125.85 (+£62.45) 103.24 (£57.93) 0.042
Preoperative midbrain volume (cc) 5.84 (+1.57) 4.37 (£1.12) 5.03 (+1.5) 0.034
Preoperative perimesencephalic SAS (cc) 1.42 (+0.82) 1.07 (£0.58) 1.23 (£0.7) 0.305
Preoperative right ventricle volume (cc) 6.95 (5.37) 5.35(14.2) 6.23 (8.65) 0.879
Preoperative left ventricle volume (cc) 13.71 (x10.93) 8.98 (7.62) 9.1 (14.37) 0.447
Preoperative total ventricular volume (cc) 24.3 (£19.04) 20.77 (+14.2) 16.49 (21.59) 0.761
Postoperative hematoma volume (cc) 8.05 (21.89) 21.89 (+17.86) 14.52 (25.52) 0.109
Postoperative midbrain volume (cc) 5.65 (£0.73) 4.96 (0.53) 5.49 (£1.03) 0.511
Postoperative perimesencephalic SAS (cc) 1.93 (+0.74) 1.56 (0.5) 1.81 (+0.65) 0.467
Postoperative right ventricle volume (cc) 6.8 (4.58) 5.49 (16.59) 6.74 (12.9) 0.761
Postoperative left ventricle volume (cc) 12.42 (+7.73) 8.68 (16.64) 9.01 (14.17) 0.704
Postoperative total ventricular volume (cc) 23.87 (+£16.73) 14.83 (35.18) 18.35 (25.27) 0.879
Change in hematoma volume (cc) —45.1 (48.59) —103.96 (£61.39) —86.18 (+55.77) 0.105
Change in midbrain volume (cc) -0.96 (1.19) 0.32(1.12) 0.46 (£1.56) 0.109
Change in perimesencephalic SAS (cc) 0.51 (+0.89) 0.63 (+0.58) 0.58 (+0.72) 0.736
Change in right ventricle volume (cc) 0.85 (+4.52) -0.97 (+£10.44) —-0.15 (+8.18) 0.611
Change in left ventricle volume (cc) —1.28 (+6.28) 0.16 (8.68) -0.33 (9.31) 0.287
Change in total ventricular volume (cc) 12.73 (x15.19) 2.92 (£32.57) 7.33 (£26.09) 0.389
Discharge motor examination

Hospice/mortality 0 (0.0%) 4 (36.4%) 4(20.0%) 0.019

Intact 8 (88.9%) 3 (27.3%) 11 (55.0%)

Nonintact 1(11.1%) 4 (36.4%) 5 (25.0%)
Discharge destination

Home 2(22.2%) 0 (0.0%) 2 (10.0%) 0.096

Home 1(11.1%) 0 (0.0%) 1(5.0%)

Hospice/mortality 0 (0.0%) 4 (36.4%) 4(20.0%)

Other 0 (0.0%) 1(9.1%) 1 (5.0%)

Rehab 6 (66.7%) 6 (54.6%) 12 (60.0%)
Mortality

No 9 (100.0%) 7 (63.6%) 16 (80.0%) 0.144

Yes 0 (0.0%) 4 (36.4%) 4(20.0%)
Discharge GCS 15.0 (+0.0) 11.0 (9.5) 14.0 (5.0) <0.001

GCS: Glasgow coma scale, LOS: length of stay, ICU-LOS: Intensive care unit-length of stay, ISS: Injury severity score, SD: Standard deviation, IQR: Interquartile range,
EOMI: Extraocular movements intact, SAS: Subarachnoid space

therefore, deemed as an independent predictor. With the  this cutoff point, preoperative midbrain volume classified
GCS 15 and non-GCS 15 groups with 80.0% accuracy, 77.8%

sensitivity, and 81.8% specificity [Figure 4]. The ROC curve,

help of the cutpointr package, 4.864 ccs were found to be the
cutoff point with the best discriminatory performance. Using

Surgical Neurology International « 2024 « 15(437) | 5
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Table 2: Changes of the volumetric attributes between preoperative and

Variables Preoperative  Postoperative  Absolute Change Percent Change Paired t-test P-values
Hematoma volume (cc) 103.24 (£57.93)  14.52(25.52)  -86.18 (£55.77)  —85.24 (28.32) <0.001
Midbrain volume (cc) 5.03 (+1.5) 5.49 (£1.03) 0.46 (+1.56) 2.39 (38.78) 0.207
Perimesencephalic SAS volume (cc) 1.23 (+0.7) 1.81 (+0.65) 0.58 (£0.72) 45.39 (108.07) 0.002
Right ventricle volume (cc) 6.23 (8.65) 6.74 (12.9) —0.15 (+8.18) -0.72 (92.31) 0.935
Left ventricle volume (cc) 9.1 (14.37) 9.01 (14.17) -0.33 (9.31) —5.38 (95.78) 0.403
Total ventricular volume (cc) 16.49 (21.59) 18.35 (25.27) 7.33 (£26.09) -1.33(31.25) 0.521

postoperative measurements.

SAS: Subarachnoid space
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Figure 3: Variation in preoperative midbrain volume comparing discharge
Glasgow Coma Scale (GCS) 15 versus non-15 groups. O: Outlier
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Figure 4: The cutoff point to differentiate between Glasgow Coma
Scale (GCS) 15 and non-GCS 15 groups in the midbrain volume
was 4.864 cc, with an 80.0% accuracy, 77.8% sensitivity, and 81.8%
specificity.
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Figure 5: The receiver operating characteristic curve, which has an
area under the curve value of 0.788, displays the predictive ability of
preoperative midbrain volume. AUC: Area under curve

which has an area under the curve value of 0.788 for the
predictive ability of preoperative midbrain volume, is shown
in Figure 5.

DISCUSSION

In our study, we found that preoperative midbrain volume
emerged as a pivotal prognostic factor in TBI patients who
also exhibited brain herniation. Our key finding was that
less compression over the midbrain before surgery served as
the single most predictive factor in discriminating between
patients with a discharge GCS score of 15 and patients with
a discharge GCS score of <15. This insight is particularly
impactful as it furnishes clinicians with a new measurable and,
therefore, actionable data point when handling cases of TBI,
especially those that require immediate surgical intervention.

Furthermore, we found that patients in the GCS 15 group
had a preoperative midbrain volume of 5.84 cc (SD: + 1.57) as
compared to 4.37 cc (SD: £ 1.12) in patients in the non-GCS
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Table 3: Univariate logistic regression analysis.

Variables

Age

Sex (male)

Admission GCS

Pupil Status (EOMI)

LOS

ICU LOS

Days on ventilation

ISS

Surgery (Decompressive hemicraniectomy)
Preoperative hematoma volume
Preoperative midbrain volume
Preoperative perimesencephalic SAS
Preoperative right ventricle volume SAS
Preoperative left ventricle volume SAS
Preoperative total ventricular SAS
Postoperative hematoma volume
Postoperative midbrain volume
Postoperative perimesencephalic SAS
Postoperative right ventricle volume SAS
Postoperative left ventricle volume SAS
Postoperative total ventricular SAS
Change in hematoma volume

Change in midbrain volume

Change in perimesencephalic SAS
Change in right ventricle volume SAS
Change in left ventricle volume SAS
Change in total ventricular SAS

OR (95% CI) P-values
0.996 (0.947-1.047) 0.869
0.714 (0.112-4.407) 0.714
1.174 (0.951-1.499) 0.157

6.667 (0.793-146.702) 0.120
0.864 (0.709-0.972) 0.059
0.836 (0.635-0.967) 0.091
0.815 (0.589-0.957) 0.090
0.819 (0.564-1.066) 0.176
0.163 (0.017-1.067) 0.075
0.980 (0.955-0.999) 0.071
2.280 (1.126-5.929) 0.043
2.156 (0.577-9.988) 0.273
0.990 (0.910-1.065) 0.790
1.064 (0.964-1.193) 0.237
1.014 (0.958-1.079) 0.621
0.953 (0.882-1.012) 0.151
1.354 (0.551-3.769) 0.512
1.791 (0.434-9.140) 0.434
1.004 (0.909-1.107) 0.940
0.989 (0.903-1.075) 0.796
0.997 (0.948-1.047) 0.911
1.015 (0.998-1.038) 0.125
0.542 (0.213-1.054) 0.116
0.783 (0.201-2.801) 0.707
1.030 (0.920-1.172) 0.616
0.932 (0.798-1.026) 0.255
1.016 (0.981-1.057) 0.398

SAS: Subarachnoid space, OR: Odds ratio; CI: Confidence interval

GCS: Glasgow coma scale, LOS: length of stay, ICU-LOS: Intensive care unit-length of stay, ISS: Injury severity score, EOMI: Extraocular movements intact,

Table 4: Multivariate logistic regression analysis.

Variables Coefficient (95% CI) OR (95% CI) P-values
Intercept —3.404 (-10.858-2.404) 0.033 (0.000-11.066) 0.269
Preoperative midbrain volume 1.164 (0.206-2.521) 3.204 (1.228-12.438) 0.038

CI: Confidence interval, OR: Odds ratio; CI: Confidence interval

15 group. This stark comparison accentuates the potential of
preoperative midbrain volume to function as a distinguishing
variable between these two distinct clinical outcome groups.
Moreover, our results showcased 4.864 ccs as the optimal
cutoff value of the midbrain volume in discerning between
the groups, further solidifying its role as a critical parameter
in patient prognosis.

It is worth noting that we did not identify any other
independent predictors of post-TBI GCS scores after an
exhaustive volumetric analysis of other anatomical structures.
We did, however, find a larger postoperative volume of the
midbrain and perimesencephalic cisterns in patients with a
discharge GCS score of 15 compared to patients with a GCS
score of <15, but these differences did not attain statistical
significance.

Our study aligns with a body of comprehensive research,
highlighting the crucial role that cistern integrity plays in
foretelling both functional outcomes and mortality rates
following a TBLP®M2141 Marshall et al. seminal work
reported a mortality rate of 34% in patients exhibiting
compressed or absent cisterns and an even more concerning
56.2% in cases where CT imaging revealed a shift exceeding
5 mm."® Adding to this, Toutant et al. documented an
alarmingly high mortality rate of 77% in patients whose
CT scans showed no cisterns, dropping to 39% in cases
with compressed cisterns and down to 22% for those with
normal cisterns."”” Expanding upon the Marshall scale,
Maas et al. incorporated additional patient features into their
study, including intraventricular hemorrhage, traumatic
subarachnoid hemorrhage, and an intricate assessment

Surgical Neurology International 2024 « 15(437) | 7
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of basal cisterns status and midline shift."? Their study
underscored that patients with absent or compressed basal
cisterns coupled with a midline shift larger than 5 mm faced
the highest mortality rate, standing at 44%.

Paralleling our findings, Kayhanian et al. used 3D Slicer
software to observe an average basal cistern volume of
7.45 mL in a pediatric cohort comprising 38 TBI patients
needing ICP monitoring."! They identified that the most
predictive threshold of basal cistern volume for indicating
high ICP (220 mmHg) was a relative volume of 0.0055. This
threshold demonstrated a sensitivity of 79% and a specificity
of 80%, solidifying the volume of basal cisterns as the singular
quantifiable CT parameter having a significant correlation
with initial ICP in their pediatric cohort. Within the scope
of our research, we observed a remarkable increase of 45% in
the volume of perimesencephalic cisterns following surgery.
Although this increase did not reach statistical significance
in the context of determining patient outcomes, its existence
is an intriguing observation, potentially guiding the direction
of subsequent research in this field.

Despite the insightful results, our study does have
limitations that must be acknowledged. The retrospective
nature of our data and the relatively small patient
cohort limit the generalizability of our findings. Future
prospective studies should aim to validate our observations
in a larger patient population. Furthermore, our reliance
on preoperative and immediate postoperative CT for
volumetric segmentation might not fully capture the long-
term radiological changes that correlate with the patient’s
clinical outcomes. Finally, our approach of dichotomizing
GCS scores into 15 and <15 might oversimplify the diverse
range of functional outcomes seen in TBI patients. Future
studies should consider additional outcome measures, such
as the discharge motor examination, which might offer
valuable insights into the patient’s postoperative quality
of life.

CONCLUSION

Our study underscores the pivotal prognostic role of
preoperative midbrain volume in TBI patients with brain
herniation. We demonstrated a discernible difference
in preoperative midbrain volume between patients with
a discharge GCS score of 15 and those scoring <15,
indicating its potential as a crucial, quantifiable parameter
for clinicians managing TBI cases requiring immediate
surgical intervention. Our finding of an optimal cutoff value
for midbrain volume of 4.864 cc further strengthens its
significance in patient prognosis. These insights align with
existing literature emphasizing the integral role of cistern
integrity in predicting outcomes following TBI. Despite
our study’s limitations due to its retrospective nature and
relatively small cohort size, the results offer promising
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directions for future, larger-scale prospective studies.
The key takeaway from our investigation is the potential
for preoperative midbrain volume to serve as a valuable
prognostic tool in managing TBI patients.
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