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Abstract

Background: Despite advances in the treatment of abdominal injuries in patients with trauma, it remains a major public health
problem worldwide. Evaluation of hazard ratio (HR) of 90-day mortality in intensive care unit (ICU) patients with abdominal
injuries compare with head injuries in trauma patients and non-trauma surgical ICU patients.

Methods: This single-center, prospective cohort study was conducted on 400 patients admitted to the ICU between 2018 and 2019
due to trauma or surgery in Hamadan, Iran. The main outcome was mortality at 90-day after ICU admission. Cox proportional
hazards models were used to determine the HR and 95% confidence interval (CI) for 90-day mortality.

Results: The 90-day mortality was 21.9% in abdominal injuries patients. According to multivariate Cox regression, the expected
hazard mortality was 2.758 times higher in patients with abdominal injuries compared to non-trauma patients (HR: 2.758, 95% Cl:
1.077-7.063, P=0.034). About more than 50% of all deaths in the abdominal and head trauma groups occurred within 20 days
after admission. Mean time to death was 27.85 +20.1, 30.27 +18.22 and 31.43 £26.24 days for abdominal-trauma, surgical-ICU,
and head-trauma groups, respectively.

Conclusion: Difficulty in accurate diagnosis due to the complex physiological variability of abdominal trauma, less obvious
clinical symptoms in blunt abdominal injuries, multi-organ dysfunction in abdominal injuries, failure to provide timely acute care,
as well as different treatment methods all account for the high 90-day mortality rate in abdominal-trauma patients. Therefore, these
patients need a multidisciplinary team to care for them both in the ICU and afterwards in the general ward.
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Introduction

Abdominal injury is a common cause of death in the
first 40 years of life. Regardless of the level of socio-
economic development, it remains a major public health
problem in all countries.! Abdomen, which includes the
stomach, small intestine, large intestine, liver, pancreas,
gallbladder and kidneys, is the third most frequently
injured body region and about 25% of all abdominal
trauma cases require surgery. Generally, abdominal
injuries are caused by blunt or penetrating injuries, and
approximately 7-10% of trauma-related deaths are caused
by these injuries.>’ Vehicle or road accidents, falling from
a height, and interpersonal violence are common causes of
blunt abdominal trauma.*® However, the most common
causes of penetrating abdominal trauma are stabbing and
gunshot.””

Most hospitalized patients with abdominal injuries die
during initial care in an emergency room or ICU. However,
many patients lose their lives after being discharged from
the intensive care unit (ICU). On first sight, these cases

can be treated as “failure to rescue” of potential recoverable
patients.”” Despite advances in the treatment of abdominal
injuries in trauma patients, in the field of prehospital care,
emergency department (ED) care, surgical techniques and
intensive care, the high mortality rate in these patients
remains a challenge for public health.'** Through the
use of warning scores and other system monitoring tools
or implementation of emergency medical teams, early
detection of patients at risk can be achieved.>'* Due
to the physiological diversity of abdominal injuries in
trauma patients, it may be difficult or even impossible to
distinguish between preventable complications and side
effects from the “normal course of trauma”. Thus, reliable
rates of failure to rescue are still lacking.">'® In order to
observe and measure the quality of care in the ICU, one
approach could be to analyze severely injured patients
who die after an initial treatment in an ICU.

To date, no studies have been performed to evaluate the
90-day mortality of abdominal injuries in ICU trauma
patients compared to other non-trauma ICU patients
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(surgical population) or even patients with other types
of injuries (head injuries). Therefore, we conducted this
study to determine the survival of patients with abdominal
injuries and compare it with the analysis of patients with
head injuries as well as a surgical critically ill population
in the ICU. The main outcome was mortality at 90 days
after ICU admission.

Materials and Methods

Study Design

From January 2018 to December 2019, we enrolled a total
of 400 patients with abdominal injuries and head injuries
as trauma patients, as well as non-trauma surgical patients
who were admitted to the mixed medical-surgical ICU at
the Besat Hospital in Hamadan, Iran. This prospective
observational study was conducted and reported in
accordance with the recommendations of the STROBE
statement."”

Eligibility Criteria

Eligibility was limited to those patients who were over
18 years of age who were hospitalized for longer than 24
hours in the ICU due to abdominal injuries, head injuries
or surgery.

Outcome Measurement
The main outcome was 90-day mortality, measured from
the patient’s ICU admission date.

Data Collection

A well-trained intensive care physician was assigned for
data collection (ER-B). The demographic data collected
included age, sex, marital status, and smoking status, based
on the medical records of all eligible ICU patients. The
severity of illness was measured by the Acute Physiology
and Chronic Health Evaluation (APACHE)-IV.'® ! The
APACHE IV score was calculated in the first 24 hours
of admission to the ICU. The worst values of vitals and
laboratory parameters were considered for calculating the
score. The score was calculated using the online calculator
(http://intensivecarenetwork.com/Calculators/Files/
Apache4.html). ICU length of stay (LOS) was recorded for
each patient. In addition, after ICU discharge, the status
of all patients was followed for 90 days (three months) via
phone contacts by researchers every 10 days.

Statistical Analysis

Categorical variables were described as frequency rates
and percentages. Continuous variables were described
using mean +standard deviation (SD) values. ANOVA
was used to compare the demographic and clinical
data across the three study groups. Moreover, the mean
scores of age, APACHE IV, and ICU LOS were compared
between the two groups using Bonferroni’s post hoc test.
Univariate and multivariate Cox’s proportional hazards
models, with 90-day mortality as the event and the time
to onset of death, were used to assess survival. Finding

were reported as hazard ratio (HR) with 95% confidence
intervals (CI) and P values. In addition, the Kaplan-Meier
curve was used to visually represent and compare survival
and hazard functions for all three groups of study. All
data were analyzed using the Statistical Package for the
Social Sciences (SPSS) 21.0 statistical package (Chicago,
IL, USA), and two-sided P<0:05 indicated a statistically
significant difference.

Results

Demographic, Clinical and Outcome Characteristics of
Patients

From January 2018 to December 2019, a total of 400
critically ill patients due to trauma or non-trauma in
the mixed medical-surgical ICU at the Be'sat Hospital
in Hamadan, Iran, met the inclusion criteria. Of 400
participants, 176 (44%) patients were admitted to the
ICU due to head trauma, 126 (32%) patients due to
abdominal trauma and 96 (24%) patients due to surgery.
Baseline characteristics and outcomes of the participants
according to three study groups are presented in Table 1.
There was a statistically significant difference between the
three groups in terms of age (P<0.001), sex (P<0.001),
mean score of APACHE IV (P<0.001), length of ICU stay
(P<0.001), as well as 90-day mortality rate (P=0.041).
According to the results, significantly more males than
females were present in the abdominal trauma (82.8% vs
17.2%, P<0.05) group.

In terms of age, no significant difference was observed
between patients with head injuries and abdominal
injuries (31.83+9.86 vs. 33.92+7.70, P=0.161) in the
trauma patients groups. However, the mean age of non-
trauma patients was significantly higher than that of
patients with head and abdominal trauma (P<0.001).
Mean score of APACHE IV and the mean ICU LOS in
patients with abdominal-trauma was significantly higher
than that of patients with head trauma and non-trauma
patients (P<0.001). However, the mean score of APACHE
IV (6.63+1.211 vs. 10.10+3.649, P<0.001) and the mean
ICU LOS (5.011£1.296 vs. 7.583+2.728, P<0.001) in
patients with head trauma was significantly lower than
that of non-trauma patients. According to the results, the
90-day mortality rate in patients with abdominal trauma
was significantly higher than the mortality rate in patients
with head trauma and non-trauma patients (P=0.041).

Proportional Hazard Cox Regression Findings

A proportional hazard Cox regression analysis with time-
varying covariates, taking 90-day mortality as the event,
and the time to onset of mortality was used in the study,
as listed in Table 2. Univariate Cox regression analysis
showed that the abdominal injuries in trauma patients
(HR: 1.991, 95% CI: 0.991-3.999, P=0.043), high score of
APACHE IV (HR: 1.08, 95% CI: 1.019-1.144, P=0.009),
and longer stay in the ICU (HR: 1.05, 95% CI: 1.002-1.112,
P=0.043), were significantly associated with mortality.
According to multivariate Cox regression, the expected
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Table 1. Baseline Characteristics and Outcomes of the Participants According to the Three Study Groups

Head Trauma

Abdominal Trauma Patients

Variables Patients (n=176) n=128) Non-trauma Patients (n=96) P Value
Mean +SD (years) 31.83+9.86 33.92+7.70 50.35+10.22
Age <0.001"
Range (min-max) (18-56) (24-45) (28-66)
Male (%) 98 (55.7) 106 (82.8) 54 (56.2)
Gender <0.001"
Female (%) 78 (44.3) 22(17.2) 42 (43.7)
Married (%) 108 (61.4) 79 (61.7) 57 (59.4)
Marital .
Unmarried (%) 46 (26.1) 34 (26.6) 26 (27.1) 0.930
Status
Divorce (%) 22 (12.5) 15 (11.7) 13 (13.5)
1 Pocket per week (%) 39(22.2) 26 (20.3) 21(21.9)
Smoking >1 Pocket per week (%) 72 (40.9) 49 (38.3) 41 (42.7) 0.610
No smoking (%) 65 (36.9) 53 (41.4) 34 (35.4)
APACHE 1V, Score, Mean +SD 6.63+1.211 13.39+3.411 10.10+3.649 <0.001"
ICU LOS, Mean +SD (days) 5.011£1.296 12.343£4.147 7.583+2.728 <0.001"
Alive (%) 153 (89.6) 100 (78.1) 85 (88.5)
Outcome 0.041°
Death (%) 23 (13.1) 28 (21.9) 11 (11.5)
APACHE, Acute Physiology and Chronic Health Evaluation; LOS, length of stay; ICU, intensive care unit.
*P<0.05 considered as significant.
Table 2. Proportional Hazard Cox Regression Analysis of 90-day Mortality in Trauma and Non-trauma Patients
Univariate Multivariate
Variables
HR (95% CI) P Value HR (95% CI) P Value
Group (head trauma vs. non-trauma) 1.141 (0.556-2.340) 0.719 2.401 (0.926-6.223) 0.072
Group (abdominal trauma vs. non-trauma) 1.991 (0.991-3.999) 0.043" 2.758 (1.077-7.063) 0.034"
Age 1.011 (0.99—1.031) 0.300 1.026 (0.998-1.054) 0.069
Gender (female vs. male) 1.272(0.728-2.222) 0.398 0.919 (0.500-1.688) 0.787
Marital status (unmarried vs. married) 1.488 (0.867-2.553) 0.149 1.451 (0.837-2.518) 0.185
Smoking (yes vs. no) 0.813 (0.491-1.347) 0.422 1.260 (0.752-2.112) 0.380
APACHE IV score 1.080 (1.019-1.144) 0.009° 1.117 (0.982-1.270) 0.092
ICU LOS 1.056 (1.002-1.112) 0.043" 0.949 (0.844-1.067) 0.380

APACHE, Acute Physiology and Chronic Health Evaluation; LOS, length of stay; ICU, intensive care unit.

'P<0.05 considered as significant.

hazard mortality was 2.758 times higher in patients with
abdominal injuries compared to non-trauma patients
(HR: 2.758, 95% CI: 1.077-7.063, P=0.034). The Kaplan-
Meier curves of survival for three groups of study are
shown in Figure 1. As can be seen, the survival of patients
with abdominal trauma was lower than the other two
groups of patients, while the survival of patients with head
trauma and non-trauma patients was almost the same. In
addition, survival time was compared across the groups
using the log-rank test (Figure 2).

Discussion

This is the first study to compare 90-day mortality in
abdominal trauma with patients receiving intensive care
in a general surgery ICU and head trauma patients. In
the present study, significantly more males than females
presented with abdominal trauma (82.8% vs 17.2%),
such that the male-to-female ratio was 4.8:1. Our finding
is consistent with studies conducted by Gad et al* and
Lone et al*! who reported a male to female ratio of 4.4:1
among abdominal trauma patients. The ratio of males

to females is greater in the abdominal trauma group
compared with the head trauma and surgical ICU patients
where the ratio is more evenly matched. The mean age
of included patients appears to be different when the
abdominal trauma (24-45 years) and head trauma (18-56
years) groups are contrasted with the older surgical ICU
population (28-66 years). Young males aged 24 to 30 years
have been reported to be the most frequent victims.?
There is no question, because it is well-known that young
men are more adventurous than others in any group of
people. Males tend to experience abdominal injuries more
frequently, but sex differences have not been demonstrated
in the head trauma and surgical ICU patients groups.
Therefore, the results of this analysis reflecting age and
sex differences are expected, yet conclusions must be
framed with the understanding that different physiologic
processes are represented in each group.

Survival outcomes varied among our participants
with higher mortality associated with abdominal trauma
(21.9%) compared with the head trauma (13.1%) and
surgical ICU (11.5%) groups. More than 50% of all deaths
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Figure 1. Kaplan-Meier Survival Analysis of 90-Day Mortality in the Three Study Groups.
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Figure 2. Kaplan Meier Log-Rank Test for 90-Day Mortality Rates in the Three Study Groups.

in the abdominal and head trauma groups occurred
within 20 days after admission. Mean time to death
was 27.85+20.1, 30.27+18.22 and 31.43+26.24 days
for abdominal trauma, surgical ICU, and head trauma
groups, respectively. According to the average length of
ICU stay for each group of patients, most deaths in the
abdominal injuries group occurred in the first days after
discharge from the ICU. This may suggest to focus more
on the initial days after ICU discharge in terms of quality

improvement. So, this patient population often require a
multidisciplinary team to care for them both in the ICU
and afterwards in the general ward.

The high mortality rate in patients with abdominal
trauma can be due to a variety of reasons, including the
extremely complex pathophysiology of abdominal injuries.
These pathophysiologic events are common to both blunt
and penetrating injury in response to hemorrhage, tissue
injury, pain, thermal challenge, dysoxia or hypoxia,
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and acidosis.”** Patients with abdominal trauma are
sometimes underestimated by their treating physicians
due to seemingly less trauma and receive less intensive
care and are discharged from the ICU prematurely,
which increases the risk of death in these patients. Blunt
abdominal trauma is more likely to be missed because
clinical signs are less obvious.”® Diagnosis of abdominal
trauma can often be challenging because it sometimes
takes time for intra-abdominal injuries to become
apparent.” Several studies have shown that delayed
arrival of the patient to the ED as well as pre-hospital
care of trauma patients is very important and might
contribute to the morbidity and mortality of abdominal
trauma patients.®®* On the other hand, unplanned
discharges from the ICU at night-time and on weekends
were independent risk factors for readmission to the
ICU and increased mortality.”>** Moreover, involvement
of multiple organs in intra-abdominal injuries and
the presence of associated extra-abdominal injuries in
addition to abdominal injuries result in severe injuries
and subsequently influence the patients’ outcomes.’>
This evidence indicates the need for a coordinated trauma
care system and properly trained personnel to take care of
abdominal injuries in trauma patients. A team approach is
essential for successful management of the injured patient.
This team includes consulting physicians from various
disciplines as well as physiatrists, nursing, physical and
occupational therapy, respiratory therapy, nutrition, social
work, and case management. Patients with abdominal
injuries who need to be admitted to the ICU need follow-
up and rehabilitation treatment after discharge, which
seems necessary to shorten the recovery time and reduce
the mortality rate in these patients.

There are several limitations to our study. Our study is
a single-center study, and our results may be therefore not
widely generalizable. Potential unmeasured confounders
not included in our analysis may also be present.
Furthermore, we did not distinguish between patients
with blunt abdominal injuries and those with penetrating
abdominal injuries. However, this study for the first time
evaluated 90-day mortality in patients with abdominal
trauma and compared it with the other two groups.

In conclusion, difficulty in accurate diagnosis due to the
complex physiological variability of abdominal trauma,
less obvious clinical symptoms in blunt abdominal injuries,
multi-organ dysfunction in abdominal injuries, failure to
provide timely acute care, as well as different treatment
methods all account for the high 90-day mortality rate
in patients with abdominal trauma compared to patients
with head trauma and surgical ICU patients. Therefore,
these patients need a multidisciplinary team to care for
them both in the ICU and afterwards in the general ward.
In addition, it seems necessary to follow these patients
after discharge from the hospital as well as rehabilitation
programs to shorten the recovery time and reduce the
mortality rate in these patients.
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