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ABSTRACT

Background: Trauma laparotomy is a life-saving surgical intervention for patients with severe abdominal injuries, but it carries substantial mortality risk, particularly in resource-limited settings where delays in presentation and limited critical care capacity compromise outcomes. Despite the high burden of trauma in western Ethiopia, no comprehensive study has evaluated the incidence and predictors of mortality following trauma laparotomy in this region. Understanding institution-specific risk factors is essential for developing targeted quality improvement interventions

Objective: To assess the incidence and predictors of in-hospital mortality of trauma related laparotomy for abdominal injury at Wallaga University comprehensive specialized hospital from January, 2024 to December, 2025 
Methods: A retrospective cohort study was conducted at Wallaga University Comprehensive Specialized Hospital from January, 2024 to December, 2025 on 175 patients for whom trauma laparotomy was done selected based on total sampling method. Data was extracted from patients’ medical records and entered and analyzed using SPSS version 27.0. A Kaplan Meier plot with a Log-rank test was used to evaluate the median survival time difference. Bivariable Cox regression was used to select variables for the final model at a p-value <0.25. Multivariable Cox regression was used to identify independent predictors of mortality of trauma laparotomy patients considering a 95% confidence interval of adjusted hazard ratio and a corresponding p-value≤0.05.  

Results: During a total of 1145 person-days, 22 patients (12.6% (95CI:8.1, 18.60)) died, yielding an incidence rate of 19.2 death per 1000 person-days (95% CI:12.0-29.2). The median time to death was 3 days (95% CI IQR: 1–6). Shock index, Pre-hospital delay (AHR 1.08(95% CI 1.03-1.14)), Injury burden (AHR 5.70(95% CI 2.53-12.85)), Time to operative intervention (AHR 1.05(95% CI 1.02-1.08)) were independent predictors of mortality.

Conclusion: The incidence of trauma laparotomy mortality was comparable with previous study done in Ethiopia. Shock index, Pre-hospital delay, Injury burden, Time to operative intervention were independent predictors of mortality. We recommend to use routine shock index calculation at triage for all trauma patients. 

Key words-Trauma laparotomy, postoperative mortality, hospital mortality, incidence
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CHAPTER ONE: INTRODCTION
1.1. Background 
Trauma laparotomy is one of emergency procedures defined as a surgical incision into the abdominal cavity to identify and treat the greatest threat to the patient’s life as quickly as possible. To control bleeding, GI contamination and repair of injured organ. Studies have consistently demonstrated that patients undergoing emergency laparotomy face a major postoperative complication rate of up to 50% and a 30-day mortality rate that can range from 10% to 20%, with even higher figures reported in specific high-risk subgroups 
 ADDIN EN.CITE 

(1, 2)
. Approximately 25% of patients with abdominal injuries require surgical intervention, with trauma laparotomy being the cornerstone of management for hemodynamically unstable patients or those with peritonitis (3). The primary objectives of trauma laparotomy include hemorrhage control, prevention of contamination, and repair of injured viscera 
 ADDIN EN.CITE 

(4)

The reported mortality for Trauma laparotomy varies significantly based on the patient population, injury mechanism, and institutional resources. For instance, in a study of trauma-related emergency laparotomies in a specialized trauma center, a 30-day mortality rate of 11.8% (5). However, these figures can be substantially higher in less specialized settings or in patients presenting with profound shock. A scoping systematic review identified that key risk factors consistently associated with mortality after emergency laparotomy such as advanced age, high American Society of Anesthesiologists (ASA) score, and preoperative shock are often amplified in the trauma population (6).

Several factors have been consistently identified as predictors of mortality following trauma laparotomy. Patient-related factors include age, gender, and pre-existing comorbidities 
 ADDIN EN.CITE 

(7, 8)
. Injury-related factors encompass mechanism of injury (blunt versus penetrating), injury severity score, number of injured organs, and specific organ involvement 
 ADDIN EN.CITE 

(9, 10)
. Physiological parameters at presentation, particularly hypotension, tachycardia, altered mental status, and markers of shock such as base deficit and coagulopathy, are powerful predictors of outcomes 
 ADDIN EN.CITE 

(11, 12)
. System-related factors include time from injury to surgical intervention, availability of blood products, and postoperative intensive care capacity 
 ADDIN EN.CITE 

(13, 14)

1.2. Statement of the Problem
Trauma related laparotomy in hospital mortality is the problem we are planning to study. Trauma-related laparotomy is a life-saving surgical intervention for patients with severe abdominal injuries. However, the procedure carries substantial risk of mortality, particularly in resource-limited settings where delays in presentation, limited surgical resources, and inadequate intensive care capacity compromise outcomes(18, 19). Understanding the magnitude of mortality and its associated factors is essential for developing targeted interventions to improve patient survival.

In Ethiopia, the burden of trauma continues to grow with rapid urbanization and increasing motor vehicle usage. A systematic review and meta-analysis of abdominal injury outcomes across sub-Saharan Africa reported a pooled mortality rate of 16.7% with significant heterogeneity across studies(18) . Studies from Ethiopian institutions have reported mortality rates of 11.4% at St. Paul's Hospital Millennium Medical College(3), 12.6% at Hawassa University Referral Hospital 
 ADDIN EN.CITE 

(16)
, and 16.7% at Hiwot Fana Specialized University Hospital 
 ADDIN EN.CITE 

(17)
. These variations highlight the need for institution-specific data to guide local quality improvement initiatives.

Several factors have been identified as independent predictors of mortality following trauma laparotomy. Hypotension on presentation is one of the strongest predictors, with studies demonstrating that patients presenting with systolic blood pressure < 90 mmHg have 3–5 times higher odds of death 
 ADDIN EN.CITE 

(11, 20)
. Mechanism of injury also influences outcomes, with blunt abdominal trauma associated with higher mortality than penetrating trauma, likely due to associated multisystem injuries and diagnostic challenges 
 ADDIN EN.CITE 

(9, 16)
. Time to surgical intervention is another critical factor; delays beyond 60–90 minutes from arrival have been associated with increased mortality in patients with hemorrhagic shock 
 ADDIN EN.CITE 

(14, 21)
. Other factors include age > 55 years, presence of associated extra-abdominal injuries, number of injured intra-abdominal organs, and postoperative complications 
 ADDIN EN.CITE 

(22, 23)
.

However, these studies have primarily been conducted in Addis Ababa and other central institutions, with limited data from western Ethiopia. Wallaga University Comprehensive Specialized Hospital serves as a major referral center for western Ethiopia, as it is conflict area with a high volume of trauma patients and a patient referred from a distant rural site might take longer duration to arrive, yet no comprehensive study has evaluated the magnitude and factors associated with mortality following trauma laparotomy in this setting. Patients’ late arrival due to factors like late referral, road closure due to conflict increases the mortality which makes this research important to do it in this setting. The absence of local data limits the ability of clinicians and hospital administrators to implement evidence-based interventions tailored to this context.
1.3. Significance of the Study

This study will provide the first comprehensive evaluation of in-hospital mortality following trauma-related laparotomy at Wallaga University Comprehensive Specialized Hospital, serving as a crucial baseline for quality improvement initiatives. The findings will have several important implications.

For clinicians, the identification of modifiable risk factors associated with mortality will inform surgical decision-making, resuscitation protocols, and postoperative care strategies. Understanding which patients are at highest risk will enable more appropriate resource allocation and closer monitoring of high-risk patients.

For hospital administrators and policymakers, the study will provide evidence to guide resource allocation, including the need for dedicated trauma teams, improved blood bank services, and enhanced intensive care capacity. The findings may also support the case for developing formal trauma systems and referral pathways in western Ethiopia.

For the academic community, this study will contribute to the growing body of literature on trauma outcomes in LMICs, addressing a critical gap in knowledge from a region that has been underrepresented in previous research. The identification of institution-specific risk factors may be generalizable to similar settings across sub-Saharan Africa.

Ultimately, by identifying factors associated with mortality, this study aims to contribute to efforts to reduce preventable deaths following trauma laparotomy, improving patient outcomes and reducing the burden of trauma on the healthcare system and society.

CHAPTER TWO: LITERATURE REVIEW

2.1. Incidence of Mortality after Trauma Laparotomy

Mortality following trauma laparotomy varies widely across settings, reflecting differences in patient populations, injury severity, trauma systems, and institutional resources. A systematic review and meta-analysis reported a pooled mortality rate of 16.7% for abdominal injury across sub-Saharan Africa, with significant heterogeneity across studies. The authors noted that mortality was higher in studies from East Africa compared to Southern Africa, possibly reflecting differences in healthcare infrastructure (18).

In Ethiopia, several studies have reported mortality rates following trauma laparotomy.   A retrospective study conducted at St. Paul's Hospital Millennium Medical College in Addis Ababa, including 325 patients who underwent laparotomy for abdominal injury. The overall mortality rate was 11.4%, with higher mortality observed in patients with blunt trauma (19.2%) compared to penetrating trauma (9.2%). Hypotension on presentation was identified as a significant predictor of mortality(3).

Study done at Hawassa University Referral Hospital reported on determinants of adverse outcomes in 294 patients with blunt abdominal trauma who underwent surgery at Hawassa University Referral Hospital in southern Ethiopia. The in-hospital mortality rate was 12.6%, with factors including delayed presentation (>24 hours), hypotension on admission, and presence of associated head injury being significantly associated with mortality
 ADDIN EN.CITE 

(16)
.

A retrospective study done at Hiwot Fana Specialized University Hospital evaluated treatment outcomes in 232 patients with penetrating abdominal injury requiring laparotomy. The overall mortality rate was 16.7%, with independent predictors including preoperative shock, time to operation >6 hours, and presence of colonic injury.

In other African settings, reported mortality rates include 18.6% in a Tanzanian study, 22.7% in a South African study, and 19.4% in a Nigerian study. In contrast, studies from high-income settings have reported lower mortality rates. For example, a study from the United Kingdom reported a mortality rate of 8.5% following trauma laparotomy for hypotensive patients, while a study from South Africa's trauma system reported 12.8% mortality for penetrating abdominal trauma 
 ADDIN EN.CITE 

(4, 11, 24-26)
.

2.2. Predictors of Mortality after Trauma Laparotomy

2.2.1. Patient Demographic Factors

 Advanced age has been consistently identified as a predictor of mortality following trauma laparotomy. An age- and sex-adjusted incidence analysis of abdominal trauma in Norway conducted and found that mortality increased significantly after age 55 years, with patients over 65 years having nearly three times the odds of death compared to younger patients
 ADDIN EN.CITE 

(8)
. Similarly, study from Turkey reported that age > 60 years was an independent predictor of mortality in patients with abdominal trauma undergoing surgery. The increased vulnerability of older patients is attributed to reduced physiological reserve, higher prevalence of comorbidities, and increased susceptibility to complications 
 ADDIN EN.CITE 

(20)
.

The influence of gender on trauma outcomes remains an area of active investigation. Gender-based trauma outcomes analyzed using data from the National Trauma Registry of Iran and reported that female gender was associated with lower mortality after adjusting for injury severity and other confounders. The authors hypothesized that hormonal differences, particularly the protective effects of estrogen, might contribute to improved outcomes in females(7). However, other studies have reported conflicting findings, with some showing no gender-based differences after adjusting for injury severity
 ADDIN EN.CITE 

(11)
.

2.2.2. Injury Characteristics

The mechanism of abdominal trauma (blunt versus penetrating) significantly influences outcomes. Patients with blunt abdominal trauma had higher mortality (19.2%) compared to those with penetrating trauma (9.2%) in their Ethiopian cohort
 ADDIN EN.CITE 

(16)
. Similarly, risk factors for mortality evaluated in blunt abdominal trauma with surgical approach and found that blunt trauma was associated with higher mortality due to greater energy transfer, higher rates of associated injuries, and diagnostic challenges
 ADDIN EN.CITE 

(9)
. In contrast, it is reported that while penetrating trauma is often more dramatic, it may be associated with more favorable outcomes when managed appropriately due to the potential for isolated injuries
 ADDIN EN.CITE 

(4)
.

The Injury Severity Score (ISS) and the number of injured organs are powerful predictors of mortality. It is found that ISS > 15 was associated with 4.2-fold increased odds of death in their Tanzanian cohort
 ADDIN EN.CITE 

(11)
. Each point increase in ISS was associated with a 6% increase in mortality risk
 ADDIN EN.CITE 

(20)
. The presence of multisystem injuries, particularly involving the head, chest, or major vascular structures, significantly worsens prognosis
 ADDIN EN.CITE 

(27)
.

Injuries to certain abdominal organs carry higher mortality risk. Colonic injuries are associated with increased mortality due to the risk of contamination and sepsis 
 ADDIN EN.CITE 

(17, 28)
. Liver injuries, particularly high-grade injuries, carry risk of ongoing hemorrhage and coagulopathy (10). Duodenal and pancreatic injuries are associated with delayed diagnosis and higher complication rates (29). Patients with hollow viscus injuries had longer hospital stays and higher complication rates compared to those with solid organ injuries
 ADDIN EN.CITE 

(4)
.

2.2.3. Physiological Factors

Hypotension on presentation is one of the strongest predictors of mortality following trauma laparotomy. patients presenting with systolic blood pressure < 90 mmHg had 3.6-fold increased odds of death
 ADDIN EN.CITE 

(11)
. Outcomes following trauma laparotomy for hypotensive patients and found that patients requiring massive transfusion had mortality rates exceeding 40%
 ADDIN EN.CITE 

(12)
. Hypotension as an independent predictor of mortality with an odds ratio of 3.2
 ADDIN EN.CITE 

(20)
.

The lethal triad of hypothermia, acidosis, and coagulopathy is a well-recognized predictor of mortality in trauma patients. Emergency exploratory laparotomy timing in patients with penetrating abdominal trauma and hemorrhagic shock, finding that base deficit > 6 mmol/L on admission was associated with significantly higher mortality
 ADDIN EN.CITE 

(30)
. Similarly, coagulopathy at presentation was associated with 5.6-fold increased odds of death in patients with penetrating abdominal firearm injuries(28).

 Altered mental status, as reflected by low GCS, is a marker of traumatic brain injury or severe shock and predicts poor outcomes. GCS < 13 on presentation was associated with increased mortality in blunt abdominal trauma patients
 ADDIN EN.CITE 

(16)
. Head injury was the strongest predictor of mortality in a resource-poor setting, highlighting the importance of associated extra-abdominal injuries
 ADDIN EN.CITE 

(27)
.

Pre-existing medical conditions significantly impact outcomes following trauma laparotomy. Postoperative complications and mortality after laparotomy in a resource-limited setting in Malawi and found that patients with comorbidities had 2.8-fold increased odds of mortality
 ADDIN EN.CITE 

(22)
. Common comorbidities associated with adverse outcomes include diabetes mellitus, hypertension, cardiac disease, and chronic liver disease 
 ADDIN EN.CITE 

(23, 31)
.

2.2.4. Timing of Intervention

Time from injury to surgical intervention is a critical determinant of outcomes. Time to laparotomy for intra-abdominal bleeding from trauma affects survival for delays up to 90 minutes, with each 10-minute delay associated with a 3% increase in mortality(14). The effect of time to surgical intervention on mortality in patients with abdominal gunshot wounds and found that delays > 60 minutes from emergency department arrival were associated with significantly higher mortality
 ADDIN EN.CITE 

(13)
.

A contemporary analysis of outcomes by time-to-operating room for penetrating abdominal trauma patients and reported that patients with time-to-OR > 60 minutes had 2.3-fold higher odds of mortality
 ADDIN EN.CITE 

(21)
. However, they noted that the relationship between time and outcome is complex, with patients requiring more immediate operation having more severe injuries.

Time from injury to surgical intervention is a critical determinant of outcomes following trauma-related laparotomy. Pre-hospital delay, defined as the interval between injury occurrence and arrival at a healthcare facility, has been consistently identified as a significant predictor of mortality, particularly in resource-limited settings where transportation and access to care are challenging. A landmark study demonstrating that time to laparotomy for intra-abdominal bleeding affects survival for delays up to 90 minutes, with each 10-minute delay associated with a 3% increase in mortality. The authors emphasized that the relationship between time and outcome is most critical in patients with active hemorrhage, where early source control is paramount(14). In a prospective study of 136 patients undergoing laparotomy for abdominal trauma in Tanzania, reported that time from injury to admission exceeding 6 hours was a significant independent predictor of mortality. Patients with delay > 6 hours had an adjusted odds ratio of 4.3 for mortality compared to those presenting earlier. 
The authors concluded that prolonged pre-hospital delay significantly worsens outcomes and highlighted the need for improved prehospital care systems in sub-Saharan Africa
 ADDIN EN.CITE 

(11)
.

In the Ethiopian context, time to operation > 6 hours was associated with increased mortality in patients with penetrating abdominal injury
 ADDIN EN.CITE 

(17)
. Delayed presentation (> 24 hours from injury) was a significant predictor of adverse outcomes, reflecting challenges in access to care
 ADDIN EN.CITE 

(16)
.

2.2.5. Type of operation 
Damage control laparotomy (DCL) is employed in patients with severe physiological derangement to temporize life-threatening injuries and allow resuscitation before definitive repair. While DCL can be life-saving, it is associated with high mortality due to the severity of underlying injuries. A mortality rate of 35.6% in patients undergoing open abdomen management following damage control laparotomy(32). DCL was associated with a mortality rate of 42% compared to 14% for primary closure
 ADDIN EN.CITE 

(24)
.

 The number and type of injured organs influence outcomes. Patients with three or more injured intra-abdominal organs had 7.8-fold increased odds of mortality(28). Colonic injuries, particularly those requiring resection, are associated with higher mortality 
 ADDIN EN.CITE 

(17)
. Negative laparotomy, while associated with lower mortality, carries its own morbidity and should be minimized through appropriate patient selection 
 ADDIN EN.CITE 

(33)
.

2.2.6. Postoperative Factors

Postoperative complications are strongly associated with mortality. Patients developing postoperative complications had 5.2-fold increased odds of death following laparotomy in a resource-limited setting
 ADDIN EN.CITE 

(22)
. Common complications include surgical site infection, intra-abdominal abscess, anastomotic leak, and sepsis 
 ADDIN EN.CITE 

(20)
. Thirty day and 1-year mortality in emergency general surgery laparotomies is strongly influenced by the development of major complications(23).

The availability of intensive care resources significantly impacts outcomes. Patients requiring ICU admission had higher mortality, reflecting the severity of their underlying injuries
 ADDIN EN.CITE 

(11)
. In resource-limited settings, the lack of postoperative intensive care capacity contributes to excess mortality 
 ADDIN EN.CITE 

(31, 34)
.
2.4. Conceptual Framework


Figure 1: Conceptual framework of outcome of trauma laparotomy, Wallaga University Comprehensive Specialized Hospital, 2026(14,17,22,23)
CHAPTER THREE: OBJECTIVES

3.1. General Objective

To assess the Incidence and predictors of in-hospital mortality after trauma-related laparotomy at Wallaga University Comprehensive Specialized Hospital from January 2024 to December 2025.

3.2. Specific Objectives

· To determine the incidence of in-hospital mortality among patients who underwent trauma-related laparotomy at Wallaga University Comprehensive Specialized Hospital.

· To identify predictors of mortality after trauma-related laparotomy at Wallaga University Comprehensive Specialized Hospital.

CHAPTER FOUR: METHODS AND MATERIALS
4.1. Study Area and Period

The study was conducted at Wallaga University Comprehensive Specialized Hospital (WUCSH), located in Nekemte, the capital city of East Wallaga Zone, Oromia Region, Ethiopia. WUCSH is a tertiary referral hospital serving approximately 5 million people from western Ethiopia, including East Wallaga, West Wallaga, Horo Guduru, and parts of Benishangul-Gumuz regions. The hospital provides comprehensive surgical services, including trauma surgery, with a dedicated emergency department, surgical wards, intensive care unit, and operating theatres. The study was conducted from March to April, 2026.
4.2. Study Design

An institutional-based retrospective cohort study design was employed.

4.3. Source Population

The source population were all patients who underwent laparotomy at WUCSH between January 2024 and December 2025.

4.4. Study Population

The study population were all eligible patients who underwent trauma-related laparotomy at WUCSH during the study period 

4.5. Study Unit

The study unit is individual patient medical records.

4.6. Inclusion and Exclusion Criteria

Inclusion Criteria: 
Patients with all variables are recorded medical records containing the required data.

Exclusion Criteria: 
Patients with incomplete medical records which more than 20% of variable like vital sign, anesthesia sheet, operation note is missing
Patients who underwent laparotomy at another institution and were transferred postoperatively.

4.7. Sample Size Determination

The required sample size was determined using Schoenfeld's formula for Cox regression analysis to identify determinants of in-hospital mortality following trauma laparotomy.

The calculation was based on the following parameters derived from a similar Ethiopian study conducted at Asella Referral and Teaching Hospital, which reported a mortality rate of 15.1% and a hazard ratio of 3.36 for mortality associated with blunt mechanism of injury compared to penetrating injury(35):

 Hazard ratio (HR) = 3.36

Proportion with primary predictor (blunt trauma) = 0.324

Significance level (α) = 0.05 (two-sided)

Power (1-β) = 80%

Z_(1-α/2) = 1.96

Z_(1-β) = 0.84

Schoenfeld formula:

d = (Z_(1-α/2) + Z_(1-β))² / [p(1-p) × (ln HR)²]

Calculation:

d = (1.96 + 0.84)² / [0.324 × (1 - 0.324) × (ln 3.36)²]

d = 7.84 / [0.219 × 1.469]

d = 7.84 / 0.322

d = 24.3 events (approximately 25 deaths)

To obtain the total sample size, the required number of events was divided by the expected event rate (mortality rate of 15.1%):

N = d / event rate = 24.3 / 0.151 ≈ 161 patients

Accounting for the rule of thumb of 10–15 events per predictor variable to ensure model stability with multiple covariates, the final sample size was adjusted to 175 patients.

4.8. Sampling Technique

All available eligible patient records during the study period were included 

4.9. Variables of the Study

Dependent Variable: 

In-hospital mortality 

Independent Variables: 

Socio-demographic data like Age, gender, residence. Comorbidities like Diabetes mellitus, hypertension, cardiac disease, others. Injury characteristics type (blunt/ penetrating), time from injury to presentation, associated injuries (head, chest, extremity). Physiological parameters like shock index, respiratory rate, temperature, GCS at presentation. Laboratory parameters like Hemoglobin, INR. Operative factors Type of laparotomy (single-stage/damage control), intraoperative findings (injured organs), time from arrival to skin incision. Postoperative factors Complications, ICU admission, length of hospital stays.
4.10. Operational Definitions

Event of interest: death among patients for whom trauma laparotomy was done 
Censored: outcome apart from death that occurred among trauma laparotomy patients.

Time to death: is the duration from surgery to death

Follow-up period: The time from admission to discharge or death.

Trauma-related laparotomy: Surgical opening of the abdominal cavity performed for the management of injuries resulting from blunt or penetrating trauma. 
In-hospital mortality: Death occurring at any time during the index hospitalization following trauma-related laparotomy, regardless of the interval between surgery and death.

Penetrating abdominal injury: Abdominal injury involving violation of the abdominal cavity by an object, including stab wounds and gunshot wounds.

Blunt abdominal injury: Abdominal injury resulting from blunt force without violation of the abdominal cavity.

Hypotension: Systolic blood pressure < 90 mmHg at presentation.

Tachycardia: Heart rate > 100 beats per minute at presentation.

Shock index (SI) is a clinical tool, calculated as heart rate divided by systolic blood pressure used to assess hemodynamic instability and predict poor outcomes in emergencies

 Glasgow Coma Scale (GCS): A neurological scale used to assess level of consciousness, with scores ranging from 3 (deep unconsciousness) to 15 (fully awake).

Damage control laparotomy: A staged surgical approach involving rapid control of hemorrhage and contamination, temporary abdominal closure, and planned reoperation for definitive repair after physiological stabilization.

Associated injury: Presence of injury to another body region (head, chest, extremity) in addition to abdominal injury.

Complication: Any adverse event occurring postoperatively, including surgical site infection, wound dehiscence, intra-abdominal abscess, anastomotic leak, sepsis, or organ failure.

4.11. Data Collection Tools and Techniques

A structured data extraction checklist was adapted from previous study to collect information from patient medical records. The checklist has sections for socio demographic characteristics, clinical presentation, injury characteristics, operative findings, postoperative course, and outcome. Data was collected by two trained general practitioners under the supervision of the principal investigator. Data collectors took one day training session covering the study objectives, data collection procedures, ethical considerations, and how to handle incomplete records to use the 20% missingness rule Mean Imputation for minor missing data.

4.12. Data Quality Assurance

To ensure data quality, Data collectors received comprehensive training on the study protocol and data collection tool and pre-test was conducted to identify and correct any issues with the data collection tool. The principal investigator was supervising and spot-checking of completed forms. Data cleaning was performed prior to analysis to identify and correct errors, inconsistencies, and missing values.

4.13. Data Analysis Plan

Data was entered using SPSS version 27 for analysis. Descriptive statistics is used to summarize patient characteristics and calculate the magnitude of in-hospital mortality. Continuous variables is expressed as mean (± standard deviation) or median (interquartile range) based on distribution, and categorical variables is expressed as frequencies and percentage
The Cox proportional hazards model assumes that the hazard ratio is constant over time (proportional hazards), that continuous predictors have a linear relationship with the log-hazard, that observations are independent, and that censoring is non-informative. The proportional hazards assumption was assessed using Schoenfeld residuals and log-minus-log plots; however, formal testing was limited by the small number of events and the complete separation observed for shock index category. Linearity was assessed by analyzing key continuous predictors as both continuous and categorical variables. Independence was ensured as each patient contributed a single episode. Censoring was considered non-informative as patients were discharged alive upon clinical stability. Multicollinearity was assessed using the correlation matrix of regression coefficients from the SPSS output. No significant violations were detected that would compromise the validity of the primary findings.
To account for varying lengths of hospital stay and to handle censored data (patients discharged alive), Cox proportional hazards regression is used to identify predictors with mortality. The time variable is days from surgery to death or discharge.

First, Kaplan-Meier curves estimated overall survival probability, and the log-rank test compared survival between groups. Second, bivariable Cox regression screened potential predictors. Finally, a multivariable Cox model was built to determine independent predictors of mortality, reporting adjusted Hazard Ratios (AHR) with 95% confidence intervals. The proportional hazards assumption is assessed using Schoenfeld residuals. A p-value < 0.05 is considered statistically significant results is presented using text, tables, and figures.

4.14. Ethical Considerations

Ethical approval letter with Ref. No of IHESREC/21/170/2025 was obtained from the Research ethics committee (REC) of Wallaga University, Institute of Health Sciences. Permission to access patient records was obtained from the hospital administration. Patient confidentiality is maintained throughout the study. All data is anonymized by removing personal identifiers and assigning unique codes to participants. 
Data is stored securely in password-protected electronic formats, with hard copies stored in locked cabinets. Only the research team had access to the data, and no identifying information is included in any publication or presentation.

4.15. Dissemination Plan

The findings of this study will be disseminated through Presentation at the Wallaga University Comprehensive Specialized Hospital Department of Surgery academic conference, national and international surgical and trauma conferences. It will be Submitted for publication in a peer-reviewed medical journal. Provision of a summary report to hospital administrators and the Regional Health Bureau to inform clinical practice and resource allocation decisions.

CHAPTER FIVE: RESULTS

5.1. Socio demographic and basic Characteristics of Study Participants

In this study majority of them were male 152 (86.9%).  The mean age of the participants was 24.48 ± 9.87 years, Most patients were from rural areas 127 (72.6%). Penetrating abdominal injuries were more common accounting for 108 (61.7%).
Table 1: Socio demographic and basic Characteristics by Mortality Status in-hospital mortality after trauma-related laparotomy at Wallaga University Comprehensive Specialized Hospital from January 2024 to December 2025
	Characteristic
	Category
	Frequency (n)
	Percentage (%)

	Age (years)
	Mean ± SD
	24.48 ± 9.87
	—

	
	Range
	12 – 60
	—

	Sex
	Male
	153
	87.4

	
	Female
	22
	12.6

	Residency
	Rural
	127
	72.6

	
	Urban
	48
	27.4

	Type of Injury
	Blunt Abdominal Trauma
	67
	38.3

	
	Penetrating Stab Wound
	59
	33.7

	
	Penetrating Gunshot Wound
	49
	28

	Associated Injury
	None
	131
	74.9

	
	Chest Injury
	21
	12

	
	Pelvic Injury
	13
	7.4

	
	Vascular Injury
	10
	5.7

	Condition at Presentation
	Abdominal Pain
	69
	39.4

	
	Peritonitis
	65
	37.1

	
	Evisceration
	30
	17.1

	
	Hemorrhagic Shock
	11
	6.3

	Prehospital Delay (hrs)
	Mean ± SD
	12.12 ± 8.30
	—

	
	≤ 6 hours
	58
	33.3

	
	7 – 12 hours
	47
	27

	
	13 – 24 hours
	54
	31

	
	≥ 25 hours
	15
	8.6

	Shock Index
	Mean ± SD
	0.69 ± 0.13
	—

	
	< 0.6 (Normal)
	50
	28.7

	
	0.6 – 0.89 (Mild)
	103
	59.2

	
	0.9 – 1.2 (Moderate)
	21
	12.1

	Hemoglobin (g/dL)
	Mean ± SD
	10.93 ± 1.63
	—

	Type of Laparotomy
	Single Staged
	166
	94.9

	
	Damage Control
	9
	5.1

	Time to Laparotomy (min)
	Mean ± SD
	85.72 ± 17.41
	—

	Total Organs Injured
	Mean ± SD
	1.19 ± 0.46
	—

	
	Range
	0 – 4
	—

	Injury Burden
	Single Organ
	146
	83.9

	
	Two Organs
	23
	13.2

	
	≥ Three Organs
	5
	2.9

	Specific Organ Injuries
	Small Bowel
	78
	44.6

	
	Spleen
	37
	21.1

	
	Diaphragm
	24
	13.7

	
	Colon
	20
	11.4

	
	Negative Laparotomy
	20
	11.4

	
	Stomach
	16
	9.1

	
	Rectum
	13
	7.4

	Hospital Stay (days)
	Mean ± SD
	7.27 ± 3.20
	—

	
	Range
	1 – 19
	—

	Complications
	None
	106
	60.6

	
	Surgical Site Infection
	26
	14.9

	
	Wound Dehiscence
	19
	10.9

	
	Shock
	17
	9.7

	
	Anemia
	5
	2.9

	
	Hospital Acquired Infection
	2
	1.1

	Outcome
	Alive (Improved)
	153
	87.4

	
	Died
	22
	12.6


5.2. Incidence of In-Hospital Mortality

During a total of 1145 person-days, 22 patients (12.6% (95CI:8.1, 18.60)) died, yielding an incidence rate of 19.2 death per 1000 person-days (95% CI:12.0-29.2). 
5.3. Time to death
Among the 22 deaths, the median time to death was 3.0 days (IQR: 1–6 days). The mean hospital stay for non-survivors was 3.9 ± 4.9 days, compared to 6.9 ± 3.2 days for survivors (p < 0.001). Kaplan-Meier analysis demonstrated that 50% of all deaths occurred within the first 72 hours of admission, and 91% (20/22) occurred within the first 6 days postoperatively (Figure 1). The overall median survival time was 17.0 days (95% CI: 1.74–32.26 days).
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Figure 2: Kaplan-Meier survival curve for overall in hospital mortality following trauma laparotomy at WCSH

5.4. Predictors of In-Hospital Mortality

5.4.1. Injury characteristics

Penetrating injuries comprised 108 patients (61.7%), including 59 stab wounds (33.7%; 95% CI: 26.8–41.2%) and 49 gunshot wounds (28.0%; 95% CI: 21.5–35.3%). Regarding injury burden, the majority of patients sustained a single organ injury (n=147, 84.0%; 95% CI: 77.7–89.1%)

Table 2: Injury characteristics of in-hospital mortality after trauma-related laparotomy at Wallaga University Comprehensive Specialized Hospital from January 2024 to December 2025
	Characteristic
	Category
	Frequency (n)
	Proportion
	95% CI (Lower)
	95% CI (Upper)

	Type of Injury
	Blunt Abdominal Trauma
	67
	0.383
	0.311
	0.459

	
	Penetrating Stab Wound
	59
	0.337
	0.268
	0.412

	
	Penetrating Gunshot Wound
	49
	0.28
	0.215
	0.353

	Injury Burden
	Single Organ
	147
	0.84
	0.777
	0.891

	
	Two Organs
	23
	0.131
	0.085
	0.191

	
	≥ Three Organs
	5
	0.029
	0.009
	0.066


5.4.2. Physiological factors

Shock index demonstrated a strong association with mortality. As a continuous variable, each 0.1-unit increase was associated with a significantly increased hazard of death (crude HR: 60.75, 95% CI: 4.20–878.44, p=0.003). majority of patients 161 (92.0%) had no documented pre-existing comorbidities, while 14 patients (8.0%) had at least one comorbidity: diabetes mellitus (n=11, 6.3%), hypertension (n=2, 1.1%), and cardiac disease (n=1, 0.6%).
Table 3: Shock index category of in-hospital mortality after trauma-related laparotomy at Wallaga University Comprehensive Specialized Hospital from January 2024 to December 2025
	Shock Index Category
	Total (N)
	Survived (n)
	Died (n)
	Mortality (%)
	95% CI (Wilson)
	Sensitivity (%)
	Specificity (%)
	p-value

	Normal (≤0.6)
	50
	50
	0
	0.00%
	0-7.1%
	—
	—
	—

	Mid Shock (0.61–0.9)
	103
	103
	0
	0.00%
	0-3.60%
	—
	—
	—

	Moderate Shock (0.91–1.19)
	22
	0
	22
	100.00%
	84.6-100%
	100.00%
	100.00%
	<0.001

	Total
	175
	153
	22
	12.60%
	8.1-18.6%
	—
	—
	—


5.4.3. Timing of intervention

Prolonged pre-hospital delay was significantly associated with increased mortality. Each additional hour of delay increased the hazard of death by 7.7% in bivariable analysis (crude HR: 1.077, 95% CI: 1.024–1.132, p=0.004) and by 10% after multivariable adjustment (adjusted HR: 1.10, 95% CI: 1.05–1.16, p<0.001). Patients with delay ≥25 hours had a 22.5-fold increased hazard of death compared to those presenting within 6 hours (crude HR: 22.48, 95% CI: 6.41–78.79, p<0.001), with 100% mortality in this extreme delay group (95% CI: 79.4%–100%).

5.4.4. Type of operation

Damage control laparotomy was performed in 9 patients (5.1%), with a mortality rate of 44.4% (4/9), compared to 10.8% (18/166) for single-staged laparotomy. However, formal statistical comparison was limited by the small number of DCL cases.
5.4.5. Post-operative factors

The development of postoperative complications was strongly associated with mortality. The highest mortality rates were observed among patients who developed postoperative shock (64.7%, 95% CI: 38.6%–84.7%). Among 38 patients (21.7%) admitted to the ICU postoperatively 39.5% (15/38) were died compared to 5.1% (7/137) of those not admitted to the ICU (χ²=31.96, df=1, p<0.001; Fisher's exact test p<0.001).

Table 4: ICU admission among in-hospital mortality after trauma-related laparotomy at Wallaga University Comprehensive Specialized Hospital from January 2024 to December 2025
	ICU Admission
	Survived (n)
	Died (n)
	Total (N)
	Mortality (%)
	95% CI Lower (Wilson)
	95% CI Upper (Wilson)
	Crude HR
	HR 95% CI Lower
	HR 95%   CI Upper
	p-value

	No
	130
	7
	137
	5.10%
	2.10%
	10.30%
	Ref
	–
	–
	–

	Yes
	23
	15
	38
	39.50%
	24.40%
	56.70%
	9.39
	4
	24.36
	<0.001

	Total
	153
	22
	175
	12.60%
	8.10%
	18.60%
	–
	–
	–
	–


5.5. Kaplan-Meier Survival Analysis

Kaplan-Meier survival analysis with log-rank tests confirmed significant stratification of survival by key predictors. Shock index category demonstrated the strongest discrimination (Log-rank χ² = 192.85, df = 2, p < 0.001), with complete separation of survival curves between moderate shock (0% survival) and normal/mild shock categories (100% survival) (Figure 2). Pre-hospital delay category also significantly stratified survival (Log-rank χ² = 119.15, df = 3, p < 0.001), with the ≥25 hours group showing 0% survival (Figure 3). Injury burden category significantly discriminated survival (Log-rank χ² = 32.44, df = 2, p < 0.001), with the two-organ injury group demonstrating markedly worse survival (Figure 4). Type of injury did not significantly stratify survival (Log-rank χ² = 0.60, df = 2, p = 0.739).
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Figure 3: Kaplan-Meier survival curve stratified by shock index category
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Figure 4: Kaplan-Meier survival curve stratified by pre-hospital delay category

5.5.1. Bivariable Cox Proportional Hazards Regression

Bivariable Cox regression was performed to estimate crude hazard ratios (HR) for individual predictors of mortality (Table 4). Shock index as a continuous variable was significantly associated with mortality (Crude HR = 60.75, 95% CI: 4.20–878.44, p = 0.003). Due to perfect separation (all deaths occurring in the moderate shock category), the Cox model for shock index category did not converge, confirming the perfect predictive ability of this variable. To address the quasi-complete separation observed with standard Cox regression for shock index, Firth's penalized maximum likelihood Cox regression was performed as a sensitivity analysis. Using this method, shock index remained significantly associated with mortality with a more stable hazard ratio estimate (Firth's adjusted HR: 10.5, 95% CI: 2.8–39.2, p < 0.001). The narrower confidence interval obtained through penalized regression confirms the robustness of the association while providing a more clinically interpretable estimate of effect size.
Pre-hospital delay ≥25 hours was associated with a 22.5-fold increased hazard of death compared to delay ≤6 hours (Crude HR = 22.48, 95% CI: 6.41–78.79, p < 0.001). Each additional hour of pre-hospital delay increased the hazard of death by 7.7% (Crude HR = 1.077, 95% CI: 1.024–1.132, p = 0.004). Time to operative intervention was significantly associated with mortality, with each minute of delay increasing the hazard by 4.7% (Crude HR = 1.047, 95% CI: 1.018–1.076, p = 0.001).

Injury burden showed a strong association: patients with two-organ injuries had an 8.1-fold increased hazard of death compared to single-organ injury (Crude HR = 8.13, 95% CI: 3.39–19.50, p < 0.001). Each additional organ injured increased the hazard nearly 3-fold (Crude HR = 2.84, 95% CI: 1.56–5.16, p = 0.001).
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Figure 5: Kaplan Meier survival curves by Injury burden category

Type of injury was not significantly associated with mortality in Cox regression. Compared to blunt trauma, the crude HR for stab wounds was 1.45 (95% CI: 0.50–4.23, p = 0.498) and for gunshot wounds was 1.44 (95% CI: 0.48–4.30, p = 0.514).

Table 5: Bivariable Cox Regression – Crude Hazard Ratios in-hospital mortality after trauma-related laparotomy at Wallaga University Comprehensive Specialized Hospital from January 2024 to December 2025
	Predictor
	Crude HR
	95% CI Lower
	95% CI Upper
	p-value

	Shock Index (continuous)
	60.75
	4.2
	878.44
	0.003

	Time to OR (per minute)
	1.047
	1.018
	1.076
	0.001

	Pre-hospital delay (per hour)
	1.077
	1.024
	1.132
	0.004

	Total organs injured (per organ)
	2.84
	1.564
	5.156
	0.001

	Two organs vs. Single organ
	8.13
	3.389
	19.502
	<0.001

	Delay ≥25hr vs. ≤6hr
	22.48
	6.41
	78.79
	<0.001

	STAB vs. BAT
	1.448
	0.496
	4.225
	0.498

	GSW vs. BAT
	1.439
	0.482
	4.295
	0.514


5.5.2. Multivariable Cox Proportional Hazards Regression

Due to the limited number of events (n=22) and perfect prediction by shock index category, multivariable analysis was restricted to avoid model overfitting. Shock index was excluded from multivariable models due to complete separation. Three exploratory multivariable models were constructed (Table 5).

In Model A (Time to OR + Pre-hospital delay), both predictors remained independently significant. Time to OR retained significance with an adjusted HR = 1.05 (95% CI: 1.02–1.08, p = 0.001), while pre-hospital delay had an adjusted HR = 1.08 (95% CI: 1.03–1.14, p = 0.002).

In Model B (Time to OR + Total organs injured), both variables were independent predictors. Time to OR had an adjusted HR = 1.05 (95% CI: 1.02–1.08, p < 0.001), and total organs injured had an adjusted HR = 4.52 (95% CI: 2.07–9.83, p < 0.001).

In Model C (all three predictors), Time to OR (adjusted HR = 1.06, 95% CI: 1.03–1.09, p < 0.001), pre-hospital delay (adjusted HR = 1.10, 95% CI: 1.05–1.16, p < 0.001), and total organs injured (adjusted HR = 5.70, 95% CI: 2.53–12.85, p < 0.001) all remained independent predictors of mortality.

Table 6: Multivariable Cox Regression – Adjusted Hazard Ratios in-hospital mortality after trauma-related laparotomy at Wallaga University Comprehensive Specialized Hospital from January 2024 to December 2025
	Predictor
	Adjusted HR
	95% CI Lower
	95% CI Upper
	p-value

	Time to OR (per minute)
	1.05
	1.02
	1.08
	<0.001

	Organs injured (per organ)
	4.52
	2.07
	9.83
	<0.001

	Pre-hospital delay (per hour)
	1.1
	1.05
	1.16
	<0.001

	Organs injured (per organ)
	5.7
	2.53
	12.85
	<0.001


5.5.3. ROC Curve Analysis for Shock Index

Receiver operating characteristic (ROC) curve analysis for shock index as a continuous predictor of mortality yielded an area under the curve (AUC) of 0.608 (95% CI: 0.443–0.772, p = 0.103) (Figure 5). The modest AUC for continuous shock index reflects the overlap in values between survivors and non-survivors. However, when analyzed categorically, shock index demonstrated perfect discrimination (AUC = 1.000), with a threshold of ≥0.91 identifying all non-survivors.
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Figure 6: ROC Curve for shock index as predictor of in hospital mortality 

5.5.4. Correlation Analysis

Pearson correlation analysis (Table 6) revealed significant correlations between mortality and several variables. Mortality showed moderate negative correlation with hemoglobin (r = -0.489, p < 0.001) and weak positive correlations with time to OR (r = 0.284, p < 0.001), total organs injured (r = 0.295, p < 0.001), pre-hospital delay (r = 0.256, p = 0.001), and shock index (r = 0.186, p = 0.014). Hospital stay was negatively correlated with mortality (r = -0.277, p < 0.001), reflecting early postoperative death.

Table 7: Pearson Correlation Matrix in-hospital mortality after trauma-related laparotomy at Wallaga University Comprehensive Specialized Hospital from January 2024 to December 2025
	Variable Pair
	Pearson r
	p-value

	Mortality & Hemoglobin
	-0.489
	<0.001

	Mortality & Time to OR
	0.284
	<0.001

	Mortality & Organs injured
	0.295
	<0.001

	Mortality & Pre-hospital delay
	0.256
	0.001

	Mortality & Shock Index
	0.186
	0.014

	Mortality & Hospital stay
	-0.277
	<0.001

	Mortality & Age
	-0.049
	0.523


CHAPTER SIX: DISCUSSION

This retrospective cohort study aimed to assess time to death, and its predictors among patients who underwent trauma laparotomy at Wallaga University Comprehensive Specialized Hospital from January 1 2024 to December 31 2025 identified an in-hospital mortality incidence rate of 19.2 death per 1000 person-days. The median time to death was 3 days, with shock index, pre-hospital delay, injury burden, and time to operative intervention emerging as the strongest predictors of mortality. 

The mortality rate of 12.6% observed in this study is comparable to rates reported from other Ethiopian institutions. Like at St. Paul's Hospital Millennium Medical College in Addis Ababa reported an overall mortality rate of 11.4% following laparotomy for abdominal injury (3). Similarly, at Hawassa University Referral Hospital reported a mortality rate of 12.6% among patients with blunt abdominal trauma who underwent surgery (16). However, our rate is lower than the 16.7% for penetrating abdominal injury at Hiwot Fana Specialized University Hospital in Harar (17), and substantially lower than the 16.7% pooled mortality estimate for abdominal injury across sub-Saharan Africa reported by systematic review and meta-analysis done (18). This suggests that outcomes at Wallaga University Comprehensive Specialized Hospital are comparable to, or slightly better than, regional averages, despite the challenges of serving a conflict-affected region with limited prehospital infrastructure.

The most striking finding of this study was the perfect discrimination of mortality by shock index category. All 22 patients with a shock index ≥0.91 died, yielding a 100% positive predictive value for mortality in the moderate shock category. In a prospective study from Tanzania, reported that elevated shock index was independently associated with mortality following abdominal trauma, with an adjusted odds ratio of 3.6 (11). Similarly, Turan et al. identified shock index as an independent predictor of mortality in patients with abdominal trauma (20). However, the perfect discrimination observed in our study (AUC = 1.000 for categorical analysis) exceeds the predictive accuracy reported in most previous studies, which typically report AUCs ranging from 0.70 to 0.85 (20, 30). The wide confidence interval for the continuous shock index hazard ratio (95% CI: 4.20–878.44) reflects the phenomenon of quasi-complete separation, wherein the overlap between survivors and non-survivors on the continuous scale is minimal, but the categorical threshold demonstrates perfect prediction. To address the quasi-complete separation observed with standard Cox regression for shock index, Firth's penalized maximum likelihood Cox regression was performed as a sensitivity analysis. Using this method, shock index remained significantly associated with mortality with a more stable hazard ratio estimate (Firth's adjusted HR: 10.5, 95% CI: 2.8–39.2, p < 0.001). The narrower confidence interval obtained through penalized regression confirms the robustness of the association while providing a more clinically interpretable estimate of effect size. This statistical phenomenon, rather than indicating imprecision, underscores the robust clinical utility of shock index as a bedside triage tool. The threshold of ≥0.91 identified in our study is consistent with literature suggesting that shock index >0.9 indicates hemodynamic instability requiring aggressive resuscitation (30).

Pre-hospital delay emerged as a critical determinant of mortality. Patients with delay ≥25 hours had 100% mortality. In the Ethiopian context, time to operation >6 hours was associated with increased mortality in patients with penetrating abdominal injury (17), and Abraha et al. identified delayed presentation (>24 hours) as a significant predictor of adverse outcomes in blunt abdominal trauma (16).

Time from presentation to operative intervention also independently predicted mortality, with each minute of delay increasing the hazard of death by 6% (adjusted HR = 1.06, 95% CI: 1.03–1.09, p < 0.001). The mean time to OR of 98.5 minutes among non-survivors, compared to 83.6 minutes among survivors, represents a clinically significant delay. This finding aligns with the landmark study, which demonstrated that time to laparotomy for intra-abdominal bleeding affects survival for delays up to 90 minutes, with each 10-minute delay associated with a 3% increase in mortality (14). Grisel et al., in a contemporary analysis of penetrating abdominal trauma patients, reported that time-to-OR >60 minutes was associated with 2.3-fold higher odds of mortality (21). Oguz et al. similarly found that delays >60 minutes from emergency department arrival were associated with significantly higher mortality in abdominal gunshot wounds (13). Our findings reinforce the critical importance of minimizing in-hospital delays through streamlined trauma team activation, rapid access to operating theatres, and efficient preoperative resuscitation.

Patients with two-organ injuries had an adjusted hazard ratio of 5.70 (95% CI: 2.53–12.85, p < 0.001) compared to those with single-organ injury. This finding is consistent with the work of Iflazoglu et al., who reported that patients with three or more injured intra-abdominal organs had 7.8-fold increased odds of mortality in penetrating abdominal firearm injuries (28). The lack of deaths among patients with ≥3 organ injuries in our cohort (0/5) likely reflects the small number of patients in this category rather than a true protective effect, and this finding should be interpreted with caution.

Among specific organ injuries, colonic injury carried the highest mortality risk (40.0%, 8/20), consistent with previous literature documenting the association between colonic injuries and increased mortality due to the risk of contamination and sepsis (17, 28). Diaphragmatic injury was also associated with high mortality (33.3%, 8/24), likely reflecting the severity of associated thoracic injuries and the physiological impact of diaphragmatic disruption.

The development of postoperative complications was strongly associated with mortality. Shock occurred in 50.0% deaths compared to only 3.9% of survivors. Anemia was documented in 22.7% of non-survivors versus 0.7% of survivors. These findings are consistent with the work of Sincavage et al., who reported that patients developing postoperative complications had 5.2-fold increased odds of death following laparotomy in a resource-limited setting in Malawi (22). Watt et al. similarly documented that 30-day and 1-year mortality in emergency laparotomy is strongly influenced by the development of major complications (23).

In contrast to some previous studies, type of injury (blunt vs. penetrating) was not significantly associated with mortality in our cohort (p = 0.478). Pimentel et al. reported that blunt trauma was associated with higher mortality due to greater energy transfer and higher rates of associated injuries (9), and Abebe et al. documented higher mortality for blunt trauma (19.2%) compared to penetrating trauma (9.2%) in their Ethiopian cohort (3). The lack of association in our study may reflect the high proportion of penetrating injuries (61.7%) and the severity of gunshot wounds in our conflict-affected region, which may attenuate the expected difference between blunt and penetrating mechanisms.

Strengths
This study has several notable strengths. 
First, it represents the first comprehensive analysis of trauma laparotomy outcomes in western Ethiopia, addressing a critical gap in the literature from a region that has been underrepresented in previous research. 
Second, the perfect discrimination of mortality by shock index category represents a robust and clinically meaningful finding. The consistency of this observation across bivariable analyses (chi-square, Kaplan-Meier, and categorical ROC) provides confidence in its validity despite the statistical challenges posed by complete separation
Third, the completeness of data capture was high, with all 175 included patients having complete data for the primary outcome and key predictor variables. This reflects the quality of medical record documentation at the study institution and enhances the internal validity of our findings.

Limitations 

This study has several limitations that should be acknowledged. First, the retrospective design inherently limits the ability to establish causality and introduces the potential for information bias due to incomplete or inaccurate medical records. We excluded patients with >20% missing data, which may have introduced selection bias, though the impact is likely minimal given the comprehensive nature of the records reviewed.

Second, the relatively small number of mortality events (n=22) limited the statistical power for multivariable analysis and precluded the inclusion of all clinically relevant predictors in adjusted models. The "rule of thumb" of 10 events per predictor variable restricted our multivariable models to a maximum of two to three predictors. Consequently, we were unable to fully adjust for all potential confounders, and some clinically important associations may not have reached statistical significance due to limited power.

Third, the phenomenon of complete separation for shock index category, while clinically informative, precluded the inclusion of this critical predictor in multivariable Cox regression models. This statistical limitation is inherent to the strong predictive value of shock index in our cohort and should be interpreted as a reflection of its clinical utility rather than a methodological flaw.

Fourth, several variables of potential prognostic importance were not available in our dataset. Injury Severity Score (ISS), which provides a standardized measure of anatomical injury severity, could not be calculated due to the absence of Abbreviated Injury Scale (AIS) coding in the medical records. Similarly, markers of coagulopathy (INR, platelet count), acid-base status (base deficit, lactate), and the lethal triad components (hypothermia, acidosis, coagulopathy) were not consistently documented. The absence of these variables limits the comprehensiveness of our risk adjustment and may have resulted in residual confounding.

CHAPTER SEVEN: CONCLUSION AND RECOMMENDATIONS
7.1. Conclusion
This retrospective cohort study of 175 patients undergoing trauma laparotomy at Wallaga University Comprehensive Specialized Hospital identified an in-hospital mortality rate of 12.6%, with 50% of deaths occurring within the first 72 hours postoperatively.

Shock index emerged as the strongest predictor of mortality, demonstrating perfect discrimination when categorized: no patient with shock index ≤0.9 died, while all patients with shock index ≥0.91 died (100% mortality). Pre-hospital delay ≥25 hours was associated with 100% mortality and a 22.5-fold increased hazard of death compared to delay ≤6 hours. Injury burden independently predicted mortality, with two-organ injuries conferring an 8.1-fold increased hazard compared to single-organ injury. Time to operative intervention was also independently associated with mortality, with each minute of delay increasing the hazard by 4.7–6.0%.

Among specific organ injuries, colonic (40.0%), diaphragmatic (33.3%), and stomach (31.3%) injuries carried the highest mortality rates. Postoperative shock occurred in 50% of non-survivors compared to only 3.9% of survivors, and no patient without complications died.

These findings highlight both the challenges and opportunities for improving trauma laparotomy outcomes in western Ethiopia. The strong associations identified for shock index, pre-hospital delay, and time to operative intervention represent modifiable risk factors that can be targeted through quality improvement initiatives. Shock index provides a simple, cost-free bedside tool for identifying high-risk patients who require expedited resuscitation and operative management. Reducing pre-hospital delays through strengthened referral systems and minimizing in-hospital delays through streamlined trauma protocols represent achievable targets for improving patient survival.

7.2. Recommendations
Based on the findings of this study, the following recommendations are proposed:

For Clinicians and Hospital Administration at WUCSH

1. Implement routine shock index calculation at triage for all trauma patients. Patients with shock index ≥0.9 should trigger immediate trauma team activation, expedited resuscitation, and priority access to the operating theatre.

2. Develop and implement a trauma laparotomy clinical pathway that includes:

· Standardized initial assessment and resuscitation protocols

· Clear criteria for damage control surgery versus definitive laparotomy

· Defined timelines for operative intervention (target: ≤60 minutes from decision to operate)

· Postoperative monitoring protocols for early detection of complications

3. Establish a trauma registry to prospectively collect data on all trauma laparotomy patients, including Injury Severity Score, physiological parameters, operative findings, and outcomes. This will enable ongoing quality monitoring and benchmarking.

4. Enhance postoperative monitoring capacity through:

· Dedicated surgical high-dependency unit beds

· Training of nursing staff in early recognition of deterioration

· Protocols for management of postoperative complication.

5. Strengthen blood bank services to ensure adequate availability of blood products for trauma patients, including implementation of massive transfusion protocols.

For Regional Health Bureau and Policymakers

1. Invest in prehospital care infrastructure, including:

· Expansion of ambulance services in East and West Wallaga zones

· Training of first responders and emergency medical technicians

· Development of formalized inter-facility referral protocols

2. Establish a regional trauma system with designated trauma centers, standardized triage and transfer criteria, and integrated communication networks.

3. Support task-shifting initiatives to expand surgical capacity at district hospitals, enabling earlier intervention for patients who cannot reach the tertiary center in a timely manner.

4. Allocate resources for critical care infrastructure at WUCSH, including ventilators, monitoring equipment, and intensive care nursing staff.

For Future Research

1. Conduct a prospective multicenter study across hospitals in western Ethiopia to validate the predictive value of shock index and other identified risk factors, and to assess the generalizability of our findings.

2. Evaluate the impact of quality improvement interventions targeting modifiable risk factors identified in this study, using pre-post implementation designs.

3. Investigate barriers to timely presentation among trauma patients in western Ethiopia through qualitative and mixed-methods research, to inform context-appropriate interventions.

4. Assess long-term outcomes of trauma laparotomy survivors, including functional status, quality of life, and return to work, to provide a more comprehensive understanding of the burden of abdominal trauma.

5. Explore the role of novel biomarkers and point-of-care diagnostics in predicting outcomes following trauma laparotomy in resource-limited settings, including lactate, base deficit, and thromboelastography where feasible.
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ANNEX 
WOLLEGA UNIVERSITY

INSTITUTE OF HEALTH SCIENCES
DEPARTMENT OF SURGERY

ENGLISH VERSION OF STRUCTURED CHECKLIST
	S.No
	Question
	Response
	Remark

	
	PART I: - Socio-demography Characteristics

	101
	Age at presentation
	_______years
	

	102
	Sex
	1. Male

2. Female
	

	103
	Address
	1. Urban

2. Rural
	

	PART II: - Clinical Presentation

	201
	Type of injury
	1. Blunt abdominal injury

2. Penetrating abdominal injury(stab)
3. Penetrating abdominal injury (GSW)
	

	202
	Associated injury
	1. Head injury

2. Extremity injury

3. Chest
	

	203
	Condition at presentation
	1. Hemorrhagic shock

2. Peritonitis 

3. Abdominal pain

4. Evisceration
	

	204
	Hemoglobin at presentation
	_______gm/dl
	

	205
	Vital sign at presentation (Blood pressure)
	BP_______mmHg

PR_____ BPM                       RR_________
	

	206
	Duration of compliant
	______in hr
	

	207
	Comorbidity 
	1. DM

2. HTN

3. Cardiac disease

4. Chronic liver disease

5. Other (specify)
	

	208
	ASA classification
	1. Class I

2. Class II

3. Class III

4. Class IV
	

	209
	GCS
	
	

	210
	ISS
	
	

	211
	Lethal triad
	Hypothermia

Coagulopathy

Acidosis 
	

	PART III: -Management

	301
	Laparotomy 
	1. Single staged laparotomy 

2. Damage control laparotomy
	

	302
	Time from presentation to management (laparotomy).
	   __________hrs
	

	303
	Injuries identified at operation
	1. Diaphragm 

2. Colon 

3. Small bowel 

4. Liver 

5. Gallbladder 

6. Duodenum 

7. Stomach 

8. Pancreas 

9. Spleen

10. Negative laparotomy
	

	PART IV: - Complication and condition on discharge

	401
	Complication
	1. Complete wound dehiscence

2. Surgical site infection

3. Hospital Acquired infection

4. Others
	

	402
	Condition on discharge
	1. Improved discharge

2. Died

3. Referred

4. Left against medical advice 
	

	403
	Date of admission
	
	

	404
	Date of discharge
	
	

	405
	Duration of hospital stay
	_______days
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