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Abstract

Background Trauma is the leading cause of morbidity and mortality among adult population in the world. Despite
many improvements in technology and care, mortality among trauma patients in the intensive care unit is still high
particularly in Ethiopia. However, there is limited evidence on the incidence and predictors of mortality among
trauma patients in Ethiopia. Therefore, this study aimed to assess the incidence and predictors of mortality among
adult trauma patients admitted to intensive care units.

Methods Institutional-based retrospective follow-up study was conducted from January 9, 2019 to January 8, 2022.
A total of 421 samples were chosen using simple random sampling. Data were collected with Kobo toolbox software
and exported to STATA version 14.1 software for data analysis. Kaplan-Meier failure curve and log-rank test were fitted
to explore the survival difference among groups. After the bivariable and multivariable Cox regression analysis, an
Adjusted Hazard Ratio (AHR) with 95% Confidence Intervals (Cl) was reported to declare the strength of association
and statistical significance, respectively.

Result The overall incidence rate of mortality was 5.47 per 100 person-day observation with a median survival
time of 14 days. Did not get pre-hospital care (AHR=2.00, 95%Cl 1.13, 3.53), Glasgow Coma Scale (GCS) score <9
(AHR =3.89, 95%Cl 1.67, 9.06), presence of complications (AHR=3.71, 95%Cl 1.29, 10.64), hypothermia at admission
(AHR=2.11,95%Cl 1.13, 3.93) and hypotension at admission (AHR=1.93, 95%Cl 1.01, 3.66) were found significant
predictors of mortality among trauma patients.

Conclusion The incidence rate of mortality among trauma patients in the ICU was high. Did not get pre-hospital
care, GCS <9, presence of complications, hypothermia, and hypotension at admission were significant predictors

of mortality. Therefore, healthcare providers should give special attention to trauma patients with low GCS scores,
complications, hypotension, and hypothermia and better to strengthen pre-hospital services to reduce the incidence
of mortality.
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Background

Trauma has become an international concern due to
millions of deaths and disabilities, and it is predicted
to be the seventh leading cause of mortality by 2030
in the world [1]. According to World Health Organiza-
tion (WHO) report, 4.4 million people die every year
from unintentional injuries and violence in the world,
and it accounts for nearly 8% of overall global mortal-
ity [2]. Mortality of trauma specifically due to Road
Traffic Accident (RTA) is a growing national concern
in Ethiopia [3] and ranks in third place among African
nations following South Africa and Nigeria [4]. Accord-
ing to Health Demographic Surveillance (HDS) and
Addis Ababa trauma reports about 6.4% and 7% of all
deaths are related to trauma, respectively [5, 6], and it
is ranked the fourth and fifth leading cause of admis-
sion and death, respectively [7].

According to the reviewed literatures, trauma
patients accounted for 46.9% of the total Intensive Care
Unit (ICU) admitted patients [8], and the mortality
of these trauma patients ranged from 3.7 to 28.2% in
developed countries [9-13], 23-58% in Africa [14—16]
and 12.4-52.8% in Ethiopia [17-19].

Trauma remains the leading cause of death in persons
below 45 years of age and it has a negative economic
impact due to the loss of socio-economically active
people [20]. For each death, there are lots of Emer-
gency Department (ED) visits, ward admissions, ICU
admissions, and lifelong disabilities [21]. Currently, it
becomes a major challenge in Ethiopia due to increas-
ing accidents, violence, development of technology
with poor safety systems, the high population density,
and changes in way of living [22].

Trauma patients admitted to the ICU usually pre-
sented with injuries in different anatomical areas; head
trauma is the most common followed by chest, abdom-
inal, extremity, and pelvic injuries [10, 11, 23, 24].
According to the previous studies conducted across the
globe, Glasgow Coma Scale (GCS) score at admission,
the severity of the injury, older age, presence of comor-
bidities, Multi-Organ Failure (MOF), Acute Lung Injury
(ALI), sepsis, longer ICU stay, mechanism of injury and
traumatic brain injury were independent predictors of
mortality among trauma patients admitted in the ICU
(10, 13, 14, 25, 26].

Trauma management requires a multidisciplinary
approach that begins with pre-hospital care at the trauma
site. In the hospital setting, the patients should be stabi-
lized at ED and then admitted to the ICU, which is a mul-
tidisciplinary unit struggling with most life-threatening
health conditions, where airway support, mechanical
ventilation, drug administration and monitoring tech-
niques are provided for patients’ survival [27].
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Deaths among trauma patients occur in one of the
three phases: immediate death (occurring due to over-
whelming injury), early death (occurring within hours
after trauma, and delayed death (occurring days to weeks
after trauma as a result of treatable infections, MOF or
other late complications [1], and during each phase sev-
eral factors remain associated with the death of trauma
patients [28]. Early identification of these factors may
have paramount importance for enhancing positive out-
comes for a patient with trauma but little is known in
low-income countries including Ethiopia [5].

For the past few years many efforts have been done
in Ethiopia to reduce the mortality of trauma victims
such as purchasing over 3000 ambulances, expansion of
emergency care services at health facilities, introduction
of diagnostic devices, training human resources, estab-
lishment trauma centers [7, 29]. However, the numbers
showed that still there are many trauma deaths [7, 17,
18, 29]. Additionally, although trauma is the most com-
mon cause of ICU admissions in Ethiopia [30], clinically
significant variables such as pre-hospital care and time
to death were not investigated by the previous studies.
Therefore, this study aimed to assess the incidence and
identify predictors of mortality among adult trauma
patients admitted to the ICU.

Methods and materials

Study design and period

A multi-center institutional-based retrospective follow-
up study was conducted among trauma patients admitted
to the ICU of four comprehensive specialized hospitals
from January 9, 2019 to January 8, 2022.

Study setting

The study was conducted in comprehensive specialized
hospitals in the Amhara region, Northwest Ethiopia.
There are five comprehensive specialized hospitals in
Northwest Ethiopia; namely the University of Gondar,
Tibebe Ghion, Felege Hiwot, Debre Markos, and Debre
Tabor comprehensive specialized hospitals. Felege Hiwot
and Tibebe Ghion comprehensive specialized hospi-
tals are found in Bahir Dar (the capital city of Amhara
regional state) 565 km far from Addis Ababa. Debre
Markos and Gondar comprehensive specialized hos-
pitals are found 299 and 730 km far from Addis Ababa,
respectively [31]. The first adult ICU in the Amhara
region was started in 2009 G.C at Felege Hiwot com-
prehensive specialized hospital with three beds and two
mechanical ventilators. Subsequently, it was expanded
to the University of Gondar comprehensive specialized
teaching hospital, Debre Markos and Tibebe Ghion com-
prehensive specialized hospitals in 2011, 2016, and 2019
G.C, respectively. Currently, these hospitals have a total
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of 44 functional adult ICU beds which has been render-
ing services for critical patients. The average number of
admission to the ICU was 12 patients per month for each
hospital, and about 40% of these were trauma patients.
The ICUs are providing a similar level of care equipped
with mechanical ventilators, noninvasive hemodynamic
monitoring devices, portable ultrasounds, defibrillators,
and infusion pumps.

Population

All adult trauma patients who were admitted to the
ICU of comprehensive specialized hospitals in North-
west Amhara were the source population. Those trauma
patients aged > 15 years admitted to the ICU in selected
comprehensive specialized hospitals in Northwest
Ambhara during the study period were the study popu-
lation. Those trauma patients whose age was greater or
equal to 15 years and had data on the outcome variable
were included. However, those whose follow-up time
was less than 6 h and trauma patients transferred in from
other hospitals’ ICUs were excluded.

Sample size determination

As there was no similar previous study conducted using
the time to an event data model, the sample size was
determined by using single population proportion for-
mula with the following assumptions; 52.8% proportion
of death among head injury patients in the ICU [17], 95%
confidence level and 5% margin of error. Based on this,
the actual sample size for the study was computed by
using the following formula:

Page 3 of 12

L _ @wa-p _ (196)2(0528)(1 - 0528)

= 383,
d? (0.05)2

where n=sample size, Z=critical value of 95% CI=1.96,
P=Proportion mortality among trauma patients in
the ICU (52.8%)=0.528, D=precision (marginal
error) =0.05.

Thus, by adding 10% for possible incomplete charts and
lost medical records, the total sample size was 421.

Sampling techniques and procedures

Four hospitals were included among five comprehen-
sive specialized hospitals in Northwest Amhara. A sim-
ple random sampling technique using was employed to
select patients’ charts after proportional allocation of the
study participants to each hospital. The sampling frame
was prepared from a registry of adult trauma patients
admitted to the ICU of comprehensive specialized hospi-
tals in Northwest Ethiopia. STATA version 14.1 was used
to generate random numbers from the sample frame to
select a total of 421 patients’ charts (Fig. 1).

Operational definitions

Censored

Trauma patients who did not develop the outcome of
interest (death) like transfer out, left against medical
advice, and recovered at the time of ICU discharge.

Event
The occurrence of death among trauma patients during
the follow-up period.

[ Total trauma patients admitted to the ICU in three vears (N=1048) ]

)

University of Felege Hiwot
Gondar (N=316)
(N= 360)

Tibebe Ghion

(N= 180)

J

Debre Markos
(N= 192)

By proportional allocation using K = (nj*nf)/N

University of Felege Hiwot Tibebe Ghion Debre Markos
Gondar (ni= 127) (ni= 72) (ni= 77)
(ni= 145)

<

Simple random sampling

>

Incomplete and excluded

(n=392)

Charts included
for data analysis

charts (mn=13)
- Charts not available(n=16)

Fig. 1 A schematic presentation of sampling procedures used to select trauma patients admitted to the ICU in comprehensive specialized

hospitals Northwest Ethiopia, 2022
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Follow-up time
From the time of ICU admission to the occurrence of
an event or ICU discharge in days.

Pre-hospital care

Is an emergency care delivered by a professional pro-
vider at the scene and during transportation and/
or emergency transportation to the health facility by
ambulance but outside the walls of the hospital [32, 33].

Data collection tool and procedures

The English version data extraction checklist was adapted
from the different literatures [10, 25, 26, 34| and FMOH tri-
age sheet after being customized according to the variables
available in the patient’s chart. Since the record was written
in English and data collectors can read and write English,
the tool was not translated to the Ambharic language. The
data were extracted from the registration book and patient
charts. The checklist contains socio-demographic data, such
as age, sex, and residence; hospitalization-related variables
like mode of arrival, pre-hospital care, sources of referral,
length of stay; trauma-related data like causes of trauma,
mechanism of injury, and area of trauma; clinical data like
GCS, Random Blood Sugar (RBS), hemoglobin level, vital
signs at admission, complications, comorbidity, interven-
tions in the ICU. All relevant data were collected retrospec-
tively from patient charts by trained 4 BSc ICU nurses using
smart phone and tablet-based Kobo collect software with an
online server and one MSc nurse was appointed to supervise
the overall data collection process.

Data quality control

A preliminary chart review was done on 22 patient
charts at the University of Gondar specialized teach-
ing hospital to ensure the availability of variables on
the patient’s chart. The relevance of the variables in the
instrument was verified by consulting the expert work-
ing in the ICU. Then, appropriate modifications were
made based on the inputs before actual data collec-
tion. One day of training was given for data collectors
and supervisor to ensure consistency and reduce vari-
ations between data collectors. Daily communication
was made between the principal investigator, supervi-
sor, and data collectors throughout the data collection
period. Reviewed charts were boldly marked to avoid
re-review. Obtained data were reviewed for accuracy,
completeness, clarity, and consistency before analysis.

Data processing and analysis
The data were exported from an online Kobo collect
server to STATA version 14.1 for analysis. Numerical
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descriptive statistics were expressed by using median
with Interquartile Range (IQR) after checking the data
distribution with histogram and Shapiro—Wilk test for
continuous variables whereas categorical variables were
expressed by the frequency with percentage. The out-
come of each participant was dichotomized into cen-
sored or event. The incomplete data were managed with
the assumption of multiple imputations after ascertain-
ing the missing data were completely at random. The
Incidence Density Rate (IDR) of mortality was calcu-
lated for the entire follow-up period. Kaplan—Meier
(KM) failure curve was used to estimate the median
survival time and cumulative probability of death and
the KM survival curve and the log-rank test were con-
sidered to test the presence of difference in the prob-
ability of death among the groups. Proportional hazard
assumptions were checked both graphically and sta-
tistically using log (-log) plot and Schoenfeld residual
test, respectively, and it was satisfied (p =0.993). Mul-
ticollinearity was checked with variance inflation factor
(VIF) and the mean was 1.49 which indicated that there
was no significant multicollinearity. In addition, shared
frailty was checked to see unobserved heterogeneity
between hospitals and the p-value for the likelihood
ratio test for theta was non-significant at p=0.375
which showed the classical Cox regression model was
the best-fitted model over the Cox frailty model for the
sake of model parsimony. The Cox proportional hazard
regression was used to explore the association between
each independent variable with the outcome variable.
The model’s fitness was checked by using Cox—Snell
residuals test and the hazard function follows 45° close
to the baseline hazard which indicated that the model
was well fitted. For the residual test, it was possible
to conclude that the final model fit for data well. Both
bivariable and multivariable Cox proportional hazard
regression were used to identify predictor variables.
Variables having a p-value <0.2 in the bivariable analy-
sis were candidates for the multivariable analysis and
Adjusted Hazard Ratio (AHR) with 95% Confidence
Intervals (CI) was computed to evaluate the strength of
association and variables with a p-a value less than 0.05
were considered as statistically significant with the inci-
dence of mortality among trauma patients.

Results

Socio-demographic characteristics of the study
participants

A total of 392 patients’ charts were included for the anal-
ysis which makes the response rate 93.1%. More than half
(58.7%) of the study participants were aged between 15
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Table 1 Socio-demographic characteristics of trauma patients admitted to the ICU in comprehensive specialized hospitals of

Northwest Ethiopia, 2022

Variables Categories Total (N=392) Outcome status
Death (N=165) Censored (N =227)

Age in years 15-30 230(58.7%) 90(39.1%) 140(60.9%)

31-45 96(24.5%) 39(40.6%) 57(59.4%)

46-60 47(12.0%) 23(48.9%) 24(51.1%)

>60 19(4.8%) 13(68.4%) 6(31.6%)
Sex Male 326(83.2%) 137(42.0%) 189(52.0%)

Female 66(16.8%) 28(42.4%) 38(57.8%)
Residence Urban 124(31.6%) 50(40.3%) 74(59.7%)

Rural 268(68.4%) 115(42.9%) 153(57.1%)

and 30 years. About 326 (83.2%) of the study participants
were males and more than two-thirds (68.7%) were rural
residents (Table 1).

Out of the total 392 trauma patients, 178 (45.4%) were
transported to the hospital by private taxi followed by
ambulance (28.6%). One hundred sixty-one (41.1%)
study participants were referred from the hospital and
the majority (70.9%) of trauma patients admitted to the
ICU did not get pre-hospital care. Two hundred-eight-
een (55.7%) were admitted to the ICU due to respiratory
problems followed by septic shock (32.1%) (Table 2).

Violence was the leading cause of injury (58.9%) fol-
lowed by road traffic accidents (25.5%). Three-fourths

(75.5) of trauma patients sustained penetrating inju-
ries and nearly half (44.7%) of the study participants
had isolated head injuries followed by abdominal inju-
ries (15.3%). One hundred eighteen (30.1%) trauma
patients had poly-trauma and about 59.2% of the study
participants had trauma intentionally. The median time
elapsed till medical or surgical care was 7 h (IQR 2-16 h)
(Table 3).

About (46.4%) of trauma patients admitted to the
ICU had a GCS score<9 at admission. One in four
(25%) and two-thirds (66.3%) of the study participants
were hypotensive and had low hemoglobin levels dur-
ing ICU admission, respectively. Only 13.3% of trauma

Table 2 Hospitalization-related characteristics of trauma patients admitted to the ICU in comprehensive specialized hospitals of

Northwest Ethiopia, 2022

Variables Categories Total (N=392) Outcome status
Death(N=165) Censored(N =227)
Mode of arrival Walking 30(7.7%) 6(20.0%) 24(80.0%)
With support/carried 72(18.4%) 22(30.6%) 50(69.4%)
Private car/taxi 178(45.4%) 91(51.1%) 87(48.9%)
Ambulance 112(28.5%) 46(41.1%) 66(58.9%)
Source of referral Self 119(30.3%) 46(38.7%) 73(61.3%)
Health center 86(22.0%) 32(37.2%) 54(62.8%)
Hospital 161(41.1%) 78(48.4%) 83(51.6%)
Private clinic 26(6.6%) 9(34.6%) 17(65.4%)
Pre-hospital care Yes 114(29.1%) 51(44.7%) 63(55.3%)
No 278(70.9%) 114(41.0%) 164(59%)
Reason for ICU admission Respiratory problems 218(55.7%) 72(33.0%) 146(67%)
Septic shock 126(32.1%) 57(45.2%) 69(54.8%)
Respiratory problem and septic ~ 35(8.9%) 33(94.3%) 2(6.3%)
shock
Others* 13(3.3%) 3(23.1%) 10(76.9%)

Respiratory problem (RF and ARDS), others* (fat embolism, airway obstruction)

ARDS acute respiratory distress syndrome, ICU intensive care unit, RF respiratory failure
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Table 3 Trauma-related characteristics of trauma patients admitted to the ICU in comprehensive specialized hospitals of Northwest

Ethiopia, 2022

Variables Categories Total (N=392) Outcome status
Death (N=392) Censored (N =227)
Cause of injury RTA 100(25.5%) 46(46.0%) 54(54.0%)
Fall down accident 51(13.0%) 25(49.0%) 26(51.0%)
Violence 231(58.9%) 89(38.5%) 142(61.5%)
Burn 10(2.6%) 5(50.0% 5(50%)
Mechanism of injury Penetrating 296(75.5%) 123(41.6%) 173(58.4%)
Blunt 96(24.5%) 42(43.8%) 54(56.2%)
Area of Injury Head 175(44.7%) 54(30.9%) 121(69.1%)
Chest 24(6.1%) 5(20.8%) 19(79.2%)
Abdomen 60(15.3%) 34(56.7%) 26(43.3%)
Others * 15(3.8%) 5(33.3%) 10(66.7%)
Poly-trauma 118(30.1%) 68(57.6%) 50(42.4%)
Intention of injury Unintentional 160(40.8%) 76(47.5%) 84(52.5%)
Intentional 232(59.2%) 89(38.4%) 143(61.6%)
Time elapsed until care <6h 189(48.2%) 76(40.2%) 113(59.8%)
6-12h 78(19.9%) 31(39.7%) 47(60.3%)
>12h 125(31.9%) 58(46.4%) 67(53.6%)

Others * (pelvic injury, extremity injury), violence (intentional injuries such as stab, stick)

RTA road traffic accident

patients had comorbidity. Major surgery was done for
(47.7%) of study participants before ICU admission and
237 (60.5%) trauma patients in the ICU were supported
by mechanical ventilation with a median duration of
3 days (IQR 2-5). Nearly two-thirds (64.5%) of trauma
patients had a complication and the commonest com-
plication was aspiration pneumonia (36.4%) (Table 4).

According to the current study, the proportion of
death among trauma patients admitted to the ICU
was 42.1% with 95% CI (37.3-47.1), 48.9% of trauma
patients were improved and discharged to their homes,
and 4.6% and 4.3% were left against medical advice and
transferred out, respectively.

Incidence of mortality among trauma patients

During the follow-up period, 165 trauma patients
admitted to the ICU died making the overall incidence
density rate of death 5.47 per 100-day observation (95%
C14.70, 6.37) and the median survival time was 14 days
(95% CI 11, 20). The total follow-up time of this cohort
was 3015 days with the median follow-up time of 4 days
(IQR of 2-10 days). The minimum and maximum fol-
low-up time was 1 and 48 days, respectively. Among
deaths reported, more than three-fourths 128(77.6%)
of mortality was observed in the first week after admis-
sion to the ICU, and 163(98.8%) of deaths occurred
within 30 days of admission. The cumulative probabil-
ity of death at the end of 1, 10, 14, 20, 30 and 40 days

was 11.5%, 43.6%, 50.4%, 57.3%, 68.5%, and 74.8%,
respectively.

A Kaplan—Meier failure curve was used to describe the
median survival time and the cumulative probability of
death over the follow-up period (Fig. 2).

Kaplan-Meier curve with log-rank test

According to the Kaplan—Meier failure curve together
with the log-rank test, patients with a GCS score of 13-15
had a longer median survival time (39 days) as compared
with those who had a GCS score of <9 (5 days). With-
out adjusting for other covariates, the incidence density
rate of death among patients who had GCS scores<9,
9-12, and 13-15 was 9.8, 3.4, and 1.6 per 100 person-day
observation, respectively (Fig. 3).

The median survival time for patients who did not get
pre-hospital care was 11 days with an incidence den-
sity rate of death of 6.2 per 100 person-day observation
(Fig. 4).

Similarly, the incidence density rate of death among
patients who had complications was 7.9 per 100-day
observations with a median survival time of 7 days
(Fig. 5).

This study also found that the median survival time of
patients who were hypotensive at admission was 4 days
with IQR (2-12 days) which is shorter compared to
those who were not hypotensive at admission (23 days).
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Table 4 Clinical-related characteristics of trauma patients admitted to the ICU in comprehensive specialized hospitals of Northwest

Ethiopia, 2022

Variables Categories Total (N=392) Outcome status
Death (N=165) Censored (N =227)
GCS score at admission <9 182(46.4%) 126(69.2%) 56(30.8%)
9-12 83(21.2%) 21(25.3%) 62(74.7%)
13-15 127(32.4%) 18(14.2%) 109(85.8%)
Hypoxia at admission Yes 95(24.2%) 68(71.6%) 27(28.4%)
No 297(75.8%) 97(32.7%) 200(67.3%)
Hypotension at admission Yes 98(25%) 70(71.4%) 28(28.6%)
No 294(75%) 95(32.3%) 199(67.7%)
Hypoglycemia at admission Yes 17(4.3%) 14(82.4%) 3(7.6%)
No 375(95.7%) 151(40.3%) 224(59.7%)
Hypothermia at admission Yes 60(15.3%) 44(73.3%) 16(26.7%)
No 332(84.7%) 121(36.4%) 211(63.6%)
Hyperthermia at admission Yes 73(18.6%) 44(60 3%) 29(39.7%)
No 319(81.4%) 21(37.9%) 198(62.1%)
Low Hgb level Yes 260(66.3%) 130(50%) 130(50%)
No 132(33.7%) 35(26.5%) 97(73.5%)
Comorbidity Yes 52(13.3%) 36(69.2%) 16(30.8%0
No 340(86.7%) 129(37.9%) 211(62.1%)
Major surgery Yes 187(47.7%) 84(44.9%) 103(55.1%)
No 205(52.3%) 81(39.5%) 124(60.5%)
Type of surgery (N=187) Laparotomy 72(38.5%) 39(54.2%) 33(45.8%)
Thoracotomy 10(5.4%) 4(40%) 6(60%)
Craniotomy 79(42.2%) 32(40.5%) 47(59.5%)
Fixation and reduction 11(5.9%) 3(27.2%) 8(72.8%)
Tracheostomy 15(8.0%) 6(40%) 9(60%)
Interventions in the ICU Enteral nutrition Yes 376(95.9(%) 156(41.5%) 220(58.5%)
No 16(4.1%) 9(56.3%) 7(43.7%)
Vasoactive drugs Yes 128(32.7%) 50(39.1%) 78(60.9%)
No 264(67.3%) 15(43.6%) 149(56.4%)
Blood transfusion Yes 82(20.9%) 35(42.7%) 47(57.3%)
No 310(79.1%) 130(41.9%) 180(58.1%)
MV Yes 237(60.5%) 130(54.9%) 107(45.1%)
No 155(39.5%) 35(22.6%) 120(77.4%)
Duration of MV (N=237) <5days 179(75.5%) 84(48.6%) 95(51.4%)
-10 days 31(13.1%) 21(67.7%) 10(32.3%)
> 10 days 27(11.4%) 25(92.6%) 2(7.4%)
Presence of complication Yes 253(64.5%) 157(62.1%) 96(37.9%)
No 139(35.5%) 8(5.8%) 131(94.2%)
Type of complication (N=253) Shock 6(6.3%) 13(81.3%) 3(18.7%)
Infection 23(9.1%) 16(69.6%) 7(30.4%)
AKI 10(3.9%) 4(40%) 6(60%)
ARDS 24(9.5%) 12(50%) 12(50%)
Aspiration pneumonia 92(36.4%) 48(52.2%) 44(47.8%)
Others* 9(3.6%) 5(55.6%) 4(44.4%)
Two or more complications 79(31.2%) 59(74.7%) 20(25.3%)

Others*(anemia, electrolyte imbalance, IICP)

AKl acute kidney injury, ARDS acute respiratory distress syndrome, GCS Glasgow Coma Scale, ICU intensive care unit, MV mechanical ventilation
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Kaplan-Meier failure estimate for trauma patients in the ICU
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Fig. 2 Kaplan-Meier failure curve for trauma patients admitted to
the ICU in comprehensive specialized hospitals in Northwest Ethiopia,
2022
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Fig. 3 Kaplan-Meier failure curve by GCS score for trauma patients

admitted to the ICU comprehensive specialized hospitals in
Northwest Ethiopia, 2022
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Fig. 4 Kaplan-Meier failure curve by pre-hospital care for trauma
patients admitted to the ICU comprehensive specialized hospitals in
Northwest Ethiopia, 2022

And, the incidence density of rate of death among
patients who were hypotensive at admission was 13.5
per 100-day observation (Fig. 6).

According to this study, the incidence density of
patients who were hypothermic at admission was 14.1
per 100-day observation with a median survival time of
4 days with IQR (1-12 days) which is lower than their
counterparts (20 days) (Fig. 7).
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Kaplan-Meier failure estimates by presence of complications
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Fig. 5 Kaplan-Meier survival curve by the presence of complications
for trauma patients admitted to the ICU comprehensive specialized
hospitals in Northwest Ethiopia, 2022

Kaplan-Meier failure estimates by Hypotension
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Fig. 6 Kaplan—Meier failure curve by hypotension for trauma
patients admitted to the ICU comprehensive specialized hospitals in
Northwest Ethiopia, 2022

Kaplan-Meier failure estimates by Hypothermia
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Fig. 7 Kaplan-Meier failure curve by hypothermia for trauma
patients admitted to the ICU comprehensive specialized hospitals in
Northwest Amhara, 2022

Predictors of death among trauma patients admitted

to the ICU

The risk of death among trauma patients who did not
get pre-hospital care was 2 times (AHR=2.00, 95% CI
1.13, 3.53) higher than those who did get pre-hospital
care service. Likewise, the hazard of death among trauma
patients who had a GCS score<9 at admission was 3.9
times (AHR=3.89; 95% CI 1.67, 9.06) higher compared
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to those who had a GCS score of 13—15. Trauma patients
who had complications were 3.7 times (AHR=3.71, 95%
CI 1.29, 10.64) higher risk of mortality than their coun-
terparts. Furthermore, the risk of death among hypo-
thermic patients at admission was 2.1 times (AHR=2.11,
95% CI 1.13, 3.93) higher than those who were not hypo-
thermic and similarly, the hazard of death among hypo-
tensive patients at admission was 1.9 times (AHR=1.93,
95% CI: 1.01, 3.66) higher than those who were not hypo-
tensive (Table 5).

Discussion
According to the current study, the incidence density rate
of mortality of trauma patients in the ICU was 5.47 per
100-day observation (95% CI 4.70, 6.37). This finding is
higher than the study conducted in United States, 3.3
per 1000-day observation [35]. The reason for this higher
figure could be a low number of well-trained staff, inad-
equate resuscitation drugs, and equipment, level of ICU
setup, and the quality of service provided in the ICU.
This study found that the proportion of death among
trauma patients admitted to the ICU during the follow-
up period is 42.1%. This finding is comparable with the
studies conducted in the Republic of Congo (38.8%)
[14] and Addis Ababa (46.1%) [18]. However, this find-
ing is higher than the studies conducted in Spain (5.63%)
[10], Boston (6.5%) [36], United States (11.2%) [8], Tur-
key (15.3%, 15.8%) [11, 13], Brazil (22.9%) [24], Greece
(27.3%) [25], Brazil 28.2% [26] and Uganda (34.4%) [16].
This high mortality might be due to lack of pre-hospital
care, scarcity of ventilators, the difference in the level of
ICU setup, and the quality of service provided. Delayed
presentation to the health facility may cause this high
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mortality because in this study nearly one-third of
patients took more than 12 h to access medical care.
Likewise, this finding is also higher than the study done
in Southern Ethiopia which reported that the mortality of
trauma patients in the ICU was 12.4% [19]. The possible
justification for this difference might be due to the differ-
ence in the study population since the study conducted
in Southern Ethiopia included all ICU admitted patients
and the proportion of trauma patients was low which
may account for this lower proportion of mortality.

In contrast, this finding is lower than the studies con-
ducted in Turkey (50%) [37], Nigeria (52.2%) [38], Egypt
(58%) [15], Brazil (89.1%) [39], and Ethiopia from Jimma
(52.8%) [17]. The reason for this discrepancy might be
the difference in the study period, study population, the
severity of injury, and duration of follow-up. A study con-
ducted in Ethiopia from Jimma reported that mortality of
head injury patients in the ICU and may result in higher
mortality.

According to the Cox proportional hazard regression
model analysis, did not get pre-hospital care, GCS score
less than 9, presence of complication, hypotension, and
hypothermia at admission were independent predictors
of mortality among trauma patients admitted in the ICU.

This study found that pre-hospital care had a preven-
tive association with the mortality of trauma patients
admitted to the ICU. Keeping other variables constant,
those trauma patients who did not get pre-hospital care
have a double hazard of death as compared to those who
did get pre-hospital care. This finding was supported
by the studies conducted in Spain [10] and Amsterdam
[40]. The evidence suggests that providing pre-hospital
care prevents delayed deaths by proper immobilization

Table 5 Bivariable and multivariable Cox proportional hazard regression analysis of predictors of mortality among trauma patients
admitted to the ICU in comprehensive specialized hospitals of Northwest Ethiopia, 2022

Variables Categories Death Censored CHR (95%)CI AHR (95%) CI

Pre-hospital care No 129 151 1.84(1.26-2.68) 2.00(1.13-3.53) *
Yes 36 76 1 1

GCS score at admission <9 123 56 5.99(3.61-9.96) 3.89(1.67-9.06) *
9-12 18 62 2.03(1.07-3.85) 1.44(53-3.88)
13-15 24 109 1 1

Hypotension at admission Yes 70 28 3.75(2.68-5.26) 1.93(1.01-3.66) *
No 95 199 1 1

Hypothermia at admission Yes 44 16 2.72(1.92-3.87) 2.11(1.13-3.93) *
No 121 211 1 1

Presence of complication Yes 157 96 10.53(5.17-21.44) 3.71(1.29-10.64) *
No 8 131 1 1

AHR adjusted hazard ratio, AKI acute kidney injury, ARDS acute respiratory distress syndrome, CHR crude hazard ratio, C/ confidence interval, GCS Glasgow Coma Scale,

Hgb hemoglobin, MV mechanical ventilation)
* p-value <0.05
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of unstable fractures, controlling ongoing bleeding, sta-
bilizing vital functions, and rapid transportation by
ambulance with trained Emergency Medical Technician
(EMT) to an appropriate health facility [41]. However,
only 112 (29.1%) of patients had got pre-hospital care in
the current study. So, this would imply that strengthening
the pre-hospital care system should be one of the major
tasks of the responsible body to reduce mortality among
trauma patients.

The hazard of death among patients with a GCS
score<9 was 3.9 times higher as compared to those who
had a GCS score of 13-15. This finding was supported
by studies conducted in Boston [36], Greece [42], Turkey
[11, 37], Spain [43], Egypt [15], and Ethiopia [44, 45]. The
possible reason could be those patients with lower GCS
scores are unable to protect their airways, had a higher
risk of aspiration, had compromised ventilator effort,
and risk of developing intracranial hypertension which
reduces cerebral perfusion and leads to secondary cer-
ebral attacks and death [42]. Maintaining oxygenation
and preventing hypercarbia by providing supplemental
oxygen and supporting ventilation is critical in manag-
ing trauma patients, especially those who have lower
GCS scores [1]. Therefore, health care providers should
protect their airways and prevent the risk of aspiration by
close follow-up and monitoring.

This study showed that the presence of complications
such as shock, infection, aspiration pneumonia, AKI, and
ARDS had increased the hazard of death by 3.7 times as
compared with those who had no complications. This
result is supported by the study conducted in Brazil,
Greece, Spain, and Turkey [10, 24—-26, 42]. The possible
reason might be complications that cause multi-organ
dysfunction and cellular injury, which in turn may lead to
death [26]. For instance, patients with shock usually have
hypotension which leads to inadequate tissue perfusion
and MOF [1]. Thus, early identification and management
of these complications are important for clinical practice
before being irreversible.

Hypothermia at admission was also another independ-
ent predictor of mortality. The hazard of death among
patients who were hypothermic at admission was 2.1
times higher as compared with their counterparts. This
finding is consistent with the studies conducted in Neth-
erland and Turkey [46, 47]. This is supported by clinical
evidence that cardiac output falls in proportion to the
degree of hypothermia and cardiac irritability begins at
approximately 33 °C [1]. In addition, hypothermia causes
coagulopathy by inhibiting the generation of thrombin
and fibrinogen which leads to bleeding and ends in death
[48]. Coagulation disorder along with hypothermia and
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acidosis are referred to as the “trauma triad of death” [49].
Body temperature is an important vital sign to monitor
during the management of trauma patients because they
are exposed for examinations and may be given room-
temperature fluids [1]. Therefore, health care providers
should prevent and manage hypothermia by rewarming
the patient and environment with appropriate external
warming devices, heat lamps, and warmed intravenous
fluids.

The current study also found that being hypotensive
during ICU admission had a 1.9 times the higher hazard
of death when compared to those who were not hypoten-
sive. This finding is supported by the study conducted in
Ethiopia [44]. However, a study from Greece showed that
hypotension was not significantly associated with the
mortality of trauma patients in the ICU [42]. The possi-
ble reason might be hypotension reduces vital organ per-
fusion which leads to multi-organ failures such as renal
failure, cardiac failure, and brain death [50]. Therefore,
health care providers should be focused on maintaining
blood pressure for trauma patients because it is consid-
ered as a prerequisite to ensure sufficient tissue perfusion
and adequate cerebral blood flow. These measures help to
prevent the onset and worsening of cerebral ischemia and
life-threatening organ failures.

Limitations of the study

Due to incomplete data on the ICU logbook and patients’
chart, variables related to physiologic and laboratory
parameters necessary to predict mortality such as Acute
Physiologic and Chronic Health Evaluation (APACHE)
score and injury severity score were not analyzed. In
addition, since this study is institutional-based, it could
not assess death occurring out of the hospital setting
including at the scene and this might underestimate the
outcome.

Conclusion

The overall incidence rate mortality among trauma
patients admitted to the ICU was high. Those trauma
patients who did not get pre-hospital care, presence of
complications, GCS score<9, hypothermia, and hypo-
tension at admission were independent predictors of
mortality which could be minimized by providing appro-
priate ICU care services. Additional measures have to be
undertaken to expand and strengthen the existing pre-
hospital care services including ambulance services and
it is better to strengthen ICUs and monitor the quality of
services in the ICU to decrease the mortality of trauma
patients. A prospective cohort study is warranted to
overcome the limitations of this study.
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