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ABSTRACT

BACKGROUND: Patients with traumatic brain injury (TBI) occupy an important place in intensive care units (ICUs) with high mor-
bidity and mortality rates. The aim of this study was to determine the parameters predictive of mortality as the primary outcome and
the distribution of these parameters as a secondary outcome in patients admitted to the ICU with TBI.

METHODS: After ethics committee approval and informed consent of the patient's relatives, TBI patients over 18 years of age
treated in the anesthesia and reanimation ICU of our hospital between 2021 and 2023 were retrospectively included in our cohort
study. The association and distribution of |8 different parameters, including demographic and clinical characteristics of TBI patients at
ICU admission, with mortality were compared. Univariate and multivariate analyses were used to estimate the odds ratio for mortality.

RESULTS: Of the 194 patients included in the study, 80.4% were male, the mean age was 39.1+19.8 years, and the mortality rate
was 35,1%. When comparing patients in 2 groups as survivor and non-survivor, patients in non-survivor group had a significantly lower
mean Glasgow Coma Scale (GCS) score (5.7£3.1 vs. 10.1£3.1, p<0.001), revised trauma score (RTS) (5.25£2.1 vs. 10.6+2.7), the rate
of surgery (33.8% vs. 53.2%, p<0.01), and the rate of epidural hematoma (EDH) (33.8% vs. 53.2%, p<0.01). The mean Acute Physiology
and Chronic Health Evaluation Il (APACHE Il) score (29 vs. 13, p<0.001), the estimated mortality rate based on the mean APACHE
Il score (55% vs. 12%, p<0.001), the stress index (SI), (62.3+29.5 vs. 42.4%19.2, p<0.001), the rate of intracerebral hematoma/hemor-
rhage (ICH) (52.9% vs. 30.2%, p<0.01), the rate of skull fracture (80.9% vs. 24.6%, p<0.01), and the rate of intubation (94.1% vs. 60.3%,
p<0.01) were found to be higher in non-survivor group. In multivariate analysis, the significant independent predictors of mortality
were high APACHE Il score (OR: 1.292 [1.192-1.400, p<0.001]), high SI (OR: 0.820 [0.699-0.921], p<0.001), and the presence of
concomitant skull fracture (OR: 4.982 [1.894—13.103], p<0.001).

CONCLUSION: our study, high APACHE Il score, high SI, presence of skull fracture, low GCS score, low RTS, intubation, and
presence of ICH were associated with high mortality, while operability and presence of EDH were associated with low mortality.
Therefore, we believe that these parameters should be prioritized when following TBH cases to initiate treatment earlier and prevent
high mortality.

Keywords: Acute physiology and chronic health evaluation ii; mortality; presence of skull fractures; revised trauma score; stress index;
subdural hematoma; traumatic brain injury.

INTRODUCTION rotrauma center is recommended. These patients are then

managed in neurosurgical intensive care units (ICUs) or an-
In the case of patients suffering from traumatic brain injury  esthesia-reanimation ICUs, as is the case in Tiirkiye. Such pa-
(TBI), particularly those with severe cases, referral to a neu-  tients comprise a significant portion of patients managed in
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ICU with high rates of mortality and morbidity even with the
best medical and neurosurgical care.

TBI may present as part of a multifaceted physical body trau-
ma, encompassing a broad spectrum of symptoms, or as a
standalone injury to the head.

Annually, 1.5-2.8 million people in the United States experi-
ence TBI, resulting in 50,000-56.000 deaths.['"?! Worldwide, it
is estimated that sixty-nine million people will sustain TBI each
year.®! Although the causes and distribution of TBI vary among
age groups, its prevalence is unfortunately steadily rising.

In Tirkiye, comprehensive statistical data on TBI were un-
available. Instead, a general death rate was calculated for
trauma-related incidents, labeled as external causes of injury
and poisoning. External causes of injury and poisoning were
responsible for approximately 3.1% of deaths in 2021, with
73.6% being male and 26.4% female in Turkiye.!!

TBI results mainly in intracranial hemorrhage which may occur
within the brain parenchyma or the surrounding meningeal
spaces and diffuse axonal injury.

Risk factors for TBI may include age and male gender. Some of
the scoring systems and some of the parameters are used to
predict the severity of the disease and survival rates of these
patients in the ICU. Such parameters may include the follow-
ing: age, gender, cause and type of hemorrhage, Glasgow Coma
Scale (GCS) score, revised trauma score (RTS), neurosurgical
procedures, duration in ICU, and ventilatory days.['2>7]

It is crucial to identify the factors that contribute to mortality
in cases of TBI, given its high incidence rate, which is accom-
panied by significant mortality and morbidity.

Despite the extensive research conducted on this subject,
utilizing diverse factors and scoring systems, the quest for a
system that is both expeditious and straightforward with a
limited number of parameters persists.

The principal aim of this study was to identify parameters that
could be used to predict mortality. The secondary aim was to
determine the distribution of etiology and these parameters.

MATERIALS AND METHODS

This retrospective, cross-sectional, single-center clinical
study was conducted after receiving approval from the Clini-
cal Research Ethics Committee, Umraniye Training and Re-
search Hospital (decision: B.10.1.TKH.4.34.H.GP0.01/182,
date: 26/05/2022) in the Health Sciences University, Umrani-
ye Training and Research Hospital, Anesthesiology and Reani-
mation Unit (ICU). This study was conducted in accordance
with the Declaration of Helsinki.

The approval of the patient's relative was obtained.
Inclusion Criteria

The patients over the age of 18 who were diagnosed with TBI
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in the emergency department and subsequently hospitalized
in the 3rd stage ICU for a period exceeding 24 h within the
2-year period from 2021 to 2023.

Patients with head trauma due to causes other than gunshot
wounds (including traffic accidents, falls and bumps, etc.), pa-
tients were evaluated in two groups as survivors (Group 1)
and non-survivors (Group 2).

The trauma was evaluated in two categories according to eti-
ology as head trauma accompanied by general body trauma
(GBT) and isolated head trauma (iHT).

Consequences of brain injury/hemorrhage due to head trau-
ma were determined as traumatic subarachnoid hemorrhage
(tSAH), intracerebral/intraparenchymal hematoma/hemor-
rhage (ICH), subdural hematoma (SDH), epidural hematoma
(EDH), and cerebral concussion/diffuse axonal injury (DAI).®!

Parameters included age, gender, GCS, RTS and stress index
(SI) at admission, Acute Physiology and Chronic Health Evalu-
ation Il (APACHE 1) score, estimated mortality by APACHE
Il Score, the presence or absence of surgical intervention,
causes/types of brain injury (associated pathology with TBI)
tSAH, ICH, SDH, EDH, DAI, presence or absence of intuba-
tion and duration, length of ICU stay, presence or absence
of cranial fracture, etiology of head trauma (GBT associated
with head trauma/GBT, iHT), and outcome of disease/actual
mortality.

The data concerning the previously specified 18 parameters
were extracted from the patient files and the hospital's elec-
tronic database.

For the purposes of this study, the following surgical inter-
ventions were selected for analysis: Operations performed
by the neurosurgical department with indications of bleeding
control and/or control of intracranial pressure.

The diagnosis was made in all patients on the basis of com-
puted tomography scans and/or magnetic resonance imaging
scans obtained at the time of admission to the emergency
department as part of the emergency protocol.

It was aimed to assess the relationship between mortality
and the above-mentioned |8 parameters in cases with TBI
as the primary outcome; it was also aimed to determine the
distribution of etiology and these parameters over the TBI
patients as a secondary outcome.

Statistical Analyses

Mean, standard deviation, median, lowest, highest, frequency,
and ratio values were used in the descriptive statistics of the
data. The distribution of variables was measured with the
Kolmogorov—-Smirnov test. Mann—Whitney U-test was used
in the analysis of quantitative independent data. Chi-square
test was used to analyze qualitative independent data. The ef-
fect level and cut-off value were investigated with the receiv-
er operating characteristic (ROC) curve. The effect level was
investigated by univariate and multivariate logistic regression.
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Table I. Demographic and clinical data of all patients

Min-Max Median MeantSD/n %
Age 18.0-84.0 33.0 39.1x19.8
Gender
Female 38 19.6
Male 156 80.4
GCS score 3.0-15.0 9.5 8.613.9
APACHE Il score 5.0-43.0 17.0 19.2£10.1
Estimated Mortality 10.0-88.0 25.0 31.7+28.0
by APACHE Il score (%)
RTS 3.0-12.0 9.0 7.9+2.4
SI 22.0-59.0 524 54+23.9
Etiology of TBI
General body trauma 120 61.9
Isolated head trauma 74 38.1
Surgical intervention
-) 104 53.6
+) 90 46.4
Causes/types of TBI
tSAH
-) 144 742
+) 50 258
ICH
-) 120 61.9
(+) 74 38.1
SDH
-) 144 742
+) 50 258
EDH
-) 126 64.9
+) 68 35.1
DAl
-) 156 80.4
+) 38 19.6
Intubation
-) 54 27.8
+) 140 722
Duration time of intubation (day) 1.0-60.0 4.0 6.8+10.0
Duration time of ICU stay (day) 1.0-175.0 5.0 10.5+£20.6
Cranial fracture
-) 108 55.7
+) 86 443
Died (outcome of disease)
No (-) 126 64.9
Yes (+) 68 35.1

GCS: Glasgow Coma Scale; APACHE [I: Acute Physiology and Chronic Health Evaluation II; RTS: Revised Trauma Score; Sl: Stress Index; TBI: Traumatic Brain
Injury. Causes/types of TBI: tSAH: Traumatic Subarachnoid Hemorrhage; ICH: Intracerebral/Intraparenchymal Hemorrhage; SDH: Subdural Hematoma; EDH:
Epidural Hematoma; DAI: Cerebral Contusion/Diffuse Axonal Injury; ICU: Intensive Care Unit.
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Variables included in the univariate and multivariate logistic
regression analyses were selected based on their statistical
relevance in univariate analyses and their clinical significance.
Model performance and effect level were assessed using ROC
curve analysis, including the determination of cut-off values.

The Statistical Package for the Social Sciences 28.0 program
(IBM Corp., Armonk, NY, USA) was used in the analyses.

RESULTS

A total of 204 patients who met the study criteria were iden-
tified. As a result of the incomplete nature of the medical in-
formation of |0 patients, the study's sample size was reduced,
resulting in the inclusion of 194 patients (38 females and 156
males). The mean age of the patients was 39.1£19.8 years.
The 30-day mortality rate was found to be 35.1%. The distri-
bution of demographic data and the parameters analyzed is
illustrated in Table I.

In the present study, it was found that 61.9% of TBI patients
were associated with GBT, the most common type of which
was ICH (38%), and the rate of skull fracture was 44.3% (Ta-
ble I).

A comparison was made between Survivor (Group |) and
Non-survivor (Group 2) patients. The results indicated that
GCS score, RTS, operation rate, and EDH rate were statisti-
cally significantly higher in Group | (p<0.05). The findings of
this study demonstrate that Group | exhibited significantly
lower APACHE Il scores, estimated mortality percentages
according to APACHE Il scores, Sl, ICH rates, fracture rates
in the cranium, and intubation rates (p<0.05). No significant
variations were observed in the remaining parameters (Table
2, Figs. | and 2).

In the present study, it was found that 94.1% of subjects who
did not survive were intubated, 80.9% had fractures in the
cranium, and the rate of EDH was only 8.8% (Table 2).

In the univariate model, the GCS score, the RTS, the pres-
ence of surgical intervention, ICH, EDH, and intubation were
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Figure 1. Comparison of GCS score, APACHE Il score, and es-
timated mortality according to APACHE Il score between groups.
GCS: Glasgow Coma Scale, APACHE II: Acute Physiology and
Chronic Health Evaluation.
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Figure 2. Comparison of cranial fracture among groups.
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Figure 3. Estimation of mortality by receiver operating characteris-
tic curve of APACHE Il and SI. APACHE II: Acute Physiology and
Chronic Health Evaluation II; SlI: Stress index.

found to have a significant effect on the discrimination of pa-
tients into survivors and non-survivors. In the multivariate
model, a significant independent efficacy of the APACHE Il
score, Sl, and cranial fracture rate was observed in differenti-
ating between patients who survived and those who did not
(Table 3).

The sensitivity of the APACHE Il mortality score, which is
used to predict which patients will not survive, was 72.1%
at a cut-off point of 50%. The positive predictive value was
94.2%, the sensitivity was 97.6%, and the negative predictive
value was 86.6% (Table 4 and Fig. 3).

When the estimated mortality rate according to the APACHE
Il score was compared as <50% (low mortality) and >50%
(high mortality) in two separate groups, significant differences
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Table 2. Comparison of Group | (Survivors) and Group 2 (Non-survivors) in terms of demographic and clinical data

Survivors (Group ) Non-survivors (Group 2)
MeantSD/n % Median MeantSD/n % Median P
Age 38.4+18.8 33.0 40.3x21.7 32.0 0.804m
Gender
Female 26 20.6 12 17.6 0.617¢
Male 100 794 56 824
GCS Score 10.1£3.1 11.0 5.7+35 4.0 0.000™
APACHE Il Score 13.7+5.8 13.0 29.348.3 29.0 0.000™
Estimated mortality by APACHE Il Score (%) 15.7£13.0 12.0 61.3+23.8 55.0 0.000™
RTS 10.6£2.7 1.0 5.25+2.1 6.3 0.000™
Sl 42.4+19.2 326 62.3+29.5 59.1 0.000™
Surgical Intervention
) 59 46.8 45 66.2 0.010¢
(+) 67 532 23 338
tSAH
-) 96 76.2 48 70.6 0.395¢
(+) 30 238 20 294
ICH
-) 88 69.8 32 47.1 0.002%*
(+) 38 30.2 36 52.9
SDH
-) 97 77.0 47 69.1 0.232¢
(+) 29 23.0 21 30.9
EDH
-) 64 50.8 62 91.2 0.000%
(+) 62 49.2 6 8.8
DAl
-) 105 83.3 51 75.0 0.163¢
(+) 21 16.7 17 25.0
Cranial Fracture
-) 13 19.1 0.000%
(+) 55 80.9
Trauma
General body trauma 74 58.7 46 67.6 0.222¢
Isolated head trauma 52 413 22 324
Intubation
-) 50 39.7 4 59 0.000%
(+) 76 60.3 64 94.1
Duration time of intubation (Day) 7.6x£12.6 3.0 5.9+53 4.0 0.301™
Duration time of ICU stay (day) 12.0+24.6 5.0 7.8+9.0 4.0 0.477™

GCS: Glasgow Coma Scale; APACHE II: Acute Physiology and Chronic Health Evaluation Il; RTS: Revised Trauma Score; SI: Stress Index; tSAH: Traumatic Sub-
arachnoid Hemorrhage; ICH: Intracerebral/Intraparenchymal Hemorrhage; SDH: Subdural Hematoma; EDH: Epidural Hematoma; DAI: Cerebral Contusion/
Diffuse Axonal Injury; ICU: Intensive Care Unit. mMann—Whitney U test/x? (Chi-square) test.

were observed in several parameters. Specifically, the GCS  tubation rate were significantly higher (p<0.05) in this group.
score, Sl, EDH, and operation rate were significantly lower o . ) o

. . ) . No significant differences were observed in the remaining pa-
(p<0.05) in the high-mortality predicted group. Conversely,

the APACHE Il score, RTS, ICH, skull fracture rate, and in- rameters (Table 5).
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Table 3. Logistic regression analysis of the factors independently associated with mortality
Univariate Model Multivariate Model
OR 95% CI P OR 95% CI P

GCS score 0.702 0.635-0.777 0.000

APACHE Il Score 1.320 1.222—-1.425 0.000 1.292 1.192—1.400 0.000
RTS 0.803 0.695-0.978 0.000

S 0.834 0.728-0.989 0.000 0.820 0.699-0.921 0.000
Surgical Intervention 0.450 0.244-0.830 0.011

ICH 2.605 1.416-4.792 0.002

EDH 0.100 0.040-0.248 0.000

Intubation 10.526 3.606-30.729 0.000

Cranial fracture 12.965 6.262-26.845 0.000 4.982 1.894-13.103 0.001

Logistic Regression (Forward LR) (OR: Odds Ratio; Cl: Confidence Interval; GCS: Glasgow Coma Scale; APACHE |I: Acute Physiology and Chronic Health
Evaluation IlI; RTS: Revised Trauma Score; Sl: Stress Index; ICH: Intracerebral/Intraparenchymal Hemorrhage; EDH: Epidural Hematoma).

Table 4. ROC curve data of APACHE Il score and SI

Area under the curve 95% Confidence interval P
APACHE Il score 0.928 0.881-0.974 0.000
S| 0.834 0.718-0.865 0.000

ROC Curve. APACHE II: Acute Physiology and Chronic Health Evaluation II; SI: Stress index; ROC: Receiver operating characteristic.

DISCUSSION

The aim of this study was to determine a scoring system and/
or other parameters that could assess the increased mortal-
ity risk in TBI patients in the early period. For this purpose,
the effect of 18 different parameters on mortality was as-
sessed.

TBI is frequently designated the “silent epidemic,”®%!% and it
is a growing public health problem. It is the largest contribu-
tor to mortality and disability worldwide among all trauma-
related injuries.!'"]

The aim of this study was to determine a scoring system and/
or other parameters that could assess the increased mortal-
ity risk in TBI patients in the early period. For this purpose,
the effect of 18 different parameters on mortality was as-
sessed.

The presence of skull fracture, SI, and APACHE Il score were
found to be significant independent parameters in determin-
ing mortality in trauma patients. The following factors were
found to be significant: GCS, RTS, operative rate, the pres-
ence of EDH, the presence of ICH, and the presence of in-
tubation.

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

In the present study, a mortality rate of 35.1% was observed
in patients with TBI who were followed in the ICU. As is evi-
dent in the extant literature, there is considerable variation
in the reported mortality rates. However, an analysis of the
study group in the studies conducted reveals that the severity
of TBI varies.

For instance, Saadat et al.l" reported a mortality rate of 16.9%
among all TBI patients admitted to the hospital, while Ozyurt
et al.! reported a mortality rate of 28.7% among TBI patients
in the ICU, with the exclusion of patients with a GCS score
above 8. In a similar vein, Réa-Neto et al.l'l documented a
mortality rate of 27.6% among adult patients suffering from
TBI who were subsequently observed in the ICU.

It is hypothesized that the elevated mortality rate observed
in our study is attributable to the fact that the study popula-
tion comprised moderate to severe critically injured patients.
Because the present study did not include patients with more
severe conditions who presented to the emergency depart-
ment and subsequently died, nor did it include patients with
mild conditions who were not admitted to the ICU and
whose treatment was completed in a ward setting.

In the present study, no significant correlation was identified
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Table 5. Comparison of the estimated mortality rate according to the APACHE Il score, with a cutoff of <50% (low mortality) and
>50% (high mortality), was conducted in two separate groups

Estimated Mortality Rate According to the APACHE Il score

<50% (Low mortality) >50% (High mortality) P
ROC curve ROC curve ROC curve ROC curve
Age 37.9+18.5 33.0 42.44£23.0 325 0.316m
Gender
Female 28 19.7 10 19.2 0.940%
Male 114 80.3 42 80.8
GCS Score 9.7+3.5 11.0 5.4+3.1 4.0 0.000™
APACHE Il Score 14.2+5.8 13.5 32.9+5.3 33.0 0.000™
RTS 9.2+2.7 9.7 4.7+29 3.9 0.000™
SI 42.1£22 378 62.9+28.8 55.09 0.000™
Surgical Intervention
-) 67 472 37 712 0.003%
(+) 75 52.8 I5 28.8
tSAH
-) 110 77.5 34 65.4 0.088%"
(+) 32 22.5 18 34.6
ICH
) 9% 67.6 24 462 0.006*"
+) 46 324 28 53.8
SDH
-) 109 76.8 35 67.3 0.182¢
(+) 33 23.2 17 32.7
EDH
-) 50 96.2 0.000%
*+) 2 38
DAl
-) 117 824 39 75.0 0.250¢
(+) 25 17.6 13 25.0
Cranial fracture
-) 99 69.7 9 17.3 0.000%"
(+) 43 30.3 43 82.7
Trauma
General Body Trauma 86 60.6 34 654 0.540Xx2
Isolated Head Trauma 56 394 18 34.6
Intubation
) 54 38.0 0 0.0 0.000%"
(+) 88 62.0 52 100.0
Duration time of Intubation (day) 6.6xl1.1 3.0 7.1£7.9 5.0 0.068™
Duration time of ICU stay (day) 10.7+£23.0 4.0 9.8£12.0 5.0 0.642™
Exitus
) 123 86.6 3 5.8 0.000%
+) 19 13.4 49 94.2

™Mann-Whitney U test/< Chi-square test. GCS: Glasgow Coma Scale; APACHE II: Acute Physiology and Chronic Health Evaluation II; RTS: Revised Trauma
Score; SI: Stress Index; TBI: Traumatic Brain Injury. Causes/types of TBI: tSAH: Traumatic Subarachnoid Hemorrhage; ICH: Intracerebral/Intraparenchymal
Hemorrhage; SDH: Subdural Hematoma; EDH: Epidural Hematoma; DAI: Cerebral Contusion/Diffuse Axonal Injury; ICU: Intensive Care Unit.
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between mortality and age, gender, trauma etiology (GBT/
head trauma only), presence of tSAH, SDH, DAI, duration of
intubation, and total hospital days.

The mean age of the patients in the present study was
39.1£19.8 years. This finding was consistent with the age
group reported in the extant literature. A substantial body
of research has indicated that TBI manifests in young adults,
a demographic that is typically characterized by its high level
of productivity.l'¢”!>!l The present study corroborates this
finding, as it documented a lower prevalence of TBI in fe-
male patients compared to male patients, a phenomenon
that aligns with the existing literature.['¢7'>!5] However, the
mortality rate did not exhibit a significant disparity between
female and male patients. The low number of female patients
may be due to the fact that the traumatized population is
more likely to be male and to participate in life, be active
workers, and work in physically demanding jobs. However,
the mortality response to trauma was similar in both sexes
in the present study. This finding contradicts the prevailing
notion that the female body is inherently more fragile and
susceptible to injury from equivalent trauma. In addition,
three distinct studies, one of which was multicenter, re-
ported that there was no difference in mortality between
men and women.['*!Z Conversely, Mikolic et al.l'! compared
the 6-month outcomes of male and female TBI survivors and
classified patients into two groups according to GCS score:
Mild and moderate/severe. The findings of the study indicated
that the hospitalization rate in the mild group was lower in
females compared to males. However, the long-term disability
rate was higher in females. Furthermore, the total hospital-
ization time was shorter in the m/s group in females. Finally,
the 6-month outcome was worse in females younger than 45
and older than 65 years compared to males. In contrast, our
study did not involve a comparison of patients by subgroup-
ing them according to GCS score and age group. A compari-
son of patients based on categorized parameters may have
yielded different results.

It is well established that APACHE Il and GCS scores are ef-
fective in predicting mortality in ICU patients and have been
utilized for a considerable period.l'67!13.1517.18]

The GCS score is a method of rapidly ascertaining the level
of coma in patients, irrespective of the underlying cause. The
categorization of conditions is not based on the severity of
the condition, whether it is acute, chronic, traumatic, or
medical. The GCS score continues to be utilized extensively
due to its simplicity, the fact that it does not require labora-
tory results, and its reliability, as demonstrated in numerous
studies. A low GCS score has been reported to be associated
with high mortality in many cases.['® It was also determined
that a low GCS score was an effective mortality indicator in
our study group of TBI patients.

In contrast to the GCS, the APACHE Il scoring system was
developed to evaluate the severity of acute and chronic con-
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ditions based on physiological and laboratory parameters.
However, when it was first introduced, it contained a number
of parameters that were difficult to calculate. It was subse-
quently simplified to make it more user-friendly. This version
is still widely used in many centers. Despite the APACHE IV
update, APACHE Il remains more popular. The limited use
of APACHE IV is generally attributed to a lack of technologi-
cal advances in healthcare. In our study, we found that the
APACHE Il score, which was not developed specifically for
trauma, is an independent predictor of mortality in patients
with severe head trauma. Even though more up-to-date scor-
ing systems are available today,!'® we think that the APACHE
Il score can also be used to predict mortality in patients with
head trauma.

The Sl score is a simple scoring system that uses only two
parameters (the ratio of blood glucose to serum potassium
levels) to calculate the score.l'*?? The mechanism by which
SI predicts TBH mortality risk is unclear. However, the two
parameters that make up the Sl score are important factors
affected by the physiological stress response to trauma and
the resulting metabolic impairment. This may contribute to
its ability to predict TBH mortality. As is well known, a series
of cellular events are triggered in response to TBI that can
lead to cerebral edema and cellular necrosis. These events
can cause serum electrolyte and glucose imbalances, exacer-
bating secondary damage and increasing mortality. S| evalu-
ates serum glucose and potassium levels together and can
therefore be used to assess the severity of these metabolic
disturbances and the extent of cellular damage that develops
during TBH monitoring.l'"? In their study, Huang et al.l']
reported that, even after adjusting for other variables in the
analysis, higher Sl scores were significantly associated with an
increased risk of mortality, confirming its value as a prognos-
tic indicator. In our study, we found that S| scores were an
independent predictor of mortality in trauma patients. Due
to its simplicity and the fact that it requires fewer parameters
than the APACHE I, it may become more widely used in
predicting mortality in the future. We believe that its efficacy
could be further supported by studies involving a larger num-
ber of patients.

RTS is calculated using only three parameters (GCS, systolic
blood pressure, respiratory rate) from APACHE Il. RTS was
developed primarily for cases of major head trauma without
concomitant major physiological changes or multiple system
injuries. It is recommended that an RTS <4 threshold should
be used for the purpose of evaluation at the trauma center.
The RTS has been demonstrated to be inversely correlated
with clinical status, suggesting that as the RTS score declines,
the severity of the clinical condition concomitantly increases.
In our study, we found it to be effective in predicting mortal-
ity but not as an independent factor. It can be used as a simple
and reliable scoring system that can be calculated by simply
monitoring the patient without waiting for laboratory results
in trauma patients!'822%1
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If a GBT combined with a head trauma is considered to be a
higher-energy trauma compared to a pure head trauma, one
might think that it is associated with a higher mortality risk.
However, in our study, the risk of death was similar for both
types of trauma.

It was hypothesized that the age of the patients in our study
might be the underlying cause of the observed phenomenon.
The patients in our study were younger. A further factor that
may be pertinent to this issue is the relatively low number of
sample size. It is hypothesized that this result could be dem-
onstrated more clearly in a study with a larger sample size.

However, apart from these scores, one of the most significant
findings of our study was that the presence of a skull fracture
was an important determinant of mortality, independent of
other parameters. The underlying factors contributing to this
phenomenon may include the potential risks associated with
compression and/or damage to the brain, the heightened risk
of hemorrhage, the unavailability of surgical correction ac-
cording to anatomical location, and the risk of central ner-
vous system infection. It is imperative that the presence of
a skull fracture, which can be detected by a simple physical
examination or imaging, is met with a high degree of serious-
ness and consideration so that it is not overlooked in terms
of mortality.

The present study found that the presence of intubation was
associated with high mortality, regardless of the duration
of intubation and length of hospital stay. The present study
did not identify a mortality-increasing effect associated with
prolonged ICU stay and prolonged intubation. The fact that
the patient had just been intubated was a significant factor
in determining mortality. Patients who are unable to protect
their airway are susceptible to aspiration and/or intubation-
induced complications from the moment of trauma. Conse-
quently, this scenario has the potential to result in elevated
mortality rates.

In the cohort study conducted by Corrigan et al.? on TBI
patients who were treated and sent to a rehabilitation center,
it was reported that the types of TBI (e.g., EDH, SDH...) were
one of the parameters that could be used to determine the
outcome. In our study, when we evaluated the relationship
between TBI types and mortality, we found that EDH was
associated with low mortality and ICH with high mortality.

In patients with EDH, a rapid diagnosis and surgical evacua-
tion of the hematoma generally results in an excellent func-
tional prognosis.”®! In the majority of cases, EDHs that are
within the limits of the operation have generally yielded fa-
vorable outcomes following timely surgical intervention. The
correlation between the presence of EDH and low mortal-
ity in our study may be elucidated as follows. Conversely, it
was hypothesized that the elevated mortality rate associated
with ICH was attributable to the widespread nature of the
hemorrhage, as opposed to its localized distribution, and the
absence of a suitable surgical intervention. It may be con-
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cluded that the mortality rate is subject to reduction if the
brain damage that develops as a result of trauma can be op-
erated on. Nevertheless, this assertion requires substantia-
tion through rigorous studies encompassing numerous cases
across multiple centers.

In another study conducted by Maas et al.*®! in TBI patients,
they reported SDH as an indicator of poor prognosis.

As evidenced by the extant literature, studies have been con-
ducted which compare the varying parameters that may af-
fect clinical outcomes and mortality to differing extents. The
findings reported in these studies are inconsistent, presum-
ably due to the inclusion of disparate populations.

In a study of all TBI patients with 3< GCS <8 who presented
to hospital, older age was reported to be an important deter-
minant of poor outcome, and similar to our study, the pres-
ence of EDH was reported to be an important determinant
of good outcome.?!

Einarsen et al.”® reported that older age, presence of SDH,
and, similar to our study, low GCS score and presence of
hypoxia were associated with poor recovery in their study
of TBI patients over |6 years of age with GCS between 9
and 13.

In a study by Otal and Baydin!""! in head trauma patients of
all ages, including children presenting to the emergency de-
partment, it was reported that SDH was seen at a rate of
10-20% and that SDH was the most lethal type of injury, and
similar to our study, head trauma was more common in the
male gender and the presence of skull fracture rate was 43%,
GCS plays an important role in determining the prognosis
and early surgical intervention reduces the mortality rate.

Klemenc-Ketis et al.®! reported that short hospital stay and
similar to our study, the presence of EDH were good out-
come markers in their study in which patients who were ad-
mitted to hospital due to TBI and who did not die on admis-
sion and GCS <9 were included.

Our study group was different from those in the studies men-
tioned above and included only TBI patients over 18 years
of age who were admitted to the ICU. Different results may
be due to the exclusion of more severe patients who came
to the emergency department and died and less serious pa-
tients who were admitted to the ward and completed their
treatment there. It can be said that our study evaluated TBI
patients with moderate to severe condition.

We believe that the strength of our study lies in the inclusion
of moderate-severe TBI patients admitted to the ICU during
the specified time period, the clarity of the study parameters,
the absence of the risk of subjective-differential assessment
during recording, and the evaluation of |9 parameters, includ-
ing not only the scoring parameters but also the presence of
surgery, skull fractures, and types of trauma-related bleeding
in TBI patients.
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Limitations

This retrospective, single-center trial, with a relatively lim-
ited number of patients who were comparatively younger in
age, evaluated patients admitted to the ICU only. Among the
treatment modalities, it assessed the relationship between
mortality and neurosurgical operations. In this study, man-
agement of patients was achieved based on guidelines and evi-
dence from current literature.’3% The decision of whether
to perform surgery was made by the neurosurgery depart-
ment either before or after admission to the ICU.

CONCLUSION

An accurate and early evaluation of patients with severe head
trauma, a condition that can be considered a “silent epidem-
ic” with a high mortality rate wozrldwide, and prompt plan-
ning of a treatment algorithm can be lifesaving.

Our assessment of mortality in patients with head trauma re-
vealed that the APACHE Il and Sl scoring systems, which are
widely used for other conditions, are valuable. We also found
that certain significant clinical findings, such as skull fractures,
should be considered alongside these scores.

We recommend evaluating patients to predict mortality, do-
ing so as soon as possible, even before ICU admission, using
both clinical conditions and scoring systems.
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ORIJINAL CALISMA - 0Z

Yogun bakim iinitesindeki agir travmatik beyin hasarli hastalarda sagkalim durumu,
mortalite belirleyicileri ve skorlari

AMAG: Travmatik beyin hasari (TBH) hastalari, yiiksek morbidite ve mortalite oranlariyla yogun bakim Unitelerinde (YBU) takip ettigimiz hastalar
icinde 6nemli bir yere sahiptir. Galismamizin amaci, YBU'de TBH nedeniyle yatan hastalarda primer olarak mortaliteyi 6ngéren parametreleri ve
skorlamalari belirlemek, sekonder olarak ise etiyoloji ile bu parametrelerin TBH hastalari tizerindeki dagilimini degerlendirmektir.

GEREC VE YONTEM: Etik kurul onayi ve hasta yakini onami sonrasinda, 202 1-2023 yillari arasinda hastanemiz Anesteziyoloji ve Reanimasyon
YBU'siine kabul edilen |8 yas ve iizeri TBH hastalari retrospektif kohort calismamiza dahil edildi. TBH hastalarinin demografik ézellikleri ile YBU’ye
kabul sirasindaki klinik 6zelliklerini iceren 18 ayri parametrenin mortalite ile iliskisi ve dagiimlari karsilastirildi. Tek degiskenli ve ¢ok degiskenli ana-
lizler, mortalite icin odds oranini tahmin etmek amaciyla kullanildi.

BULGULAR: Calismaya dahil edilen |94 hastanin %80.4’( erkek olup, yas ortalamalari 39.1£19.8 yil, mortalite oraniise %35. | idi. Exitus olmayan ve
olan hastalar karsilagtirildiginda, exitus olan hastalarda ortalama Glasgow Koma Skoru (GKS) (5.713.1e karsi 10.1%3.1, p<0.001), Revize Travma
Skoru (RTS) (5.25£2.1’e karsi 10.612.7), operasyon varligi orani (%33.8’e karsi %53.2, p<0.01) ve epidural hematom (EDH) varligi orani (%33.8’e
kars1 %53.2, p<0.01) daha dustikti. Ortalama APACHE Il skoru (29’a karsi 13, p<0.001), APACHE Il skoruna gore tahmini mortalite yiizdesi (55’e
karsi 12, p<0.001), stres indeksi (SI) (62.3+£29.5’e karsi 42.4£19.2, p<0.001), intraserebral hematom/hemoraji (ICH) varligi orani (%52.9’a karsi
%30.2, p<0.01), kafatasi kemiginde kirik varligi orani (%80.9’a karsi %24.6, p<0.01) ve entiibasyon varligi orani (%94.1’e karsi %60.3, p<0.0l) ise
daha yiiksek olarak saptandi. Cok degiskenli analizde mortalitenin anlamli bagimsiz belirleyicileri; yiiksek APACHE Il skoru (OR: 1.292 [I.192—
1.400], p<0.001), yiiksek SI (OR: 0.820 [0.699-0.921], p<0.001) ve eslik eden kafatasi kemigi kingi varligi (OR: 4.982 [1.894—13.103], p<0.001) idi.
SONUC: Calismamizda 6zellikle ytksek APACHE Il skoru, yiiksek SI, kafatasi kemigi kirigi varligi, diisiik GKS skoru, dustik RTS, entiibasyon ve ICH
varligi yliksek mortalite ile iligkiliyken; operabilite ve EDH varligi diisiik mortalite ile iligkiliydi. Bu nedenle, TBH olgularinin takibinde erken tedaviye
baslanmasi ve yliksek mortalitenin dnlenmesi amaciyla bu parametrelerin dncelikli olarak géz éniinde bulundurulmasi gerektigi kanaatindeyiz.

Anahtar sozciikler: APACHE II; kafa kemiklerinde kirik varligi; mortalite; revize travma skoru; stres indeksi; subdural hematom; travmatik beyin hasari.
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