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ABSTRACT 

Background 

Sepsis early identification of high-risk patients is crucial for timely intervention and improved 

outcomes. Hematological biomarkers have shown potential in predicting sepsis and mortality, ‘but 

their role in critically ill surgical patients requires further evaluation’. ‘This study aimed to assess 

the association between hematological biomarkers and sepsis-related mortality in postoperative 

laparotomy patients’. Additionally, histopathological findings were analyzed to determine their 

impact on clinical outcomes. 

 

Methods 

A prospective observational study was conducted at Jinnah Medical College and Surgery Unit, and 

ICU Unit of DHQ/Mufti Mehmood Teaching Hospital (MMTI) Dera Ismail Khan, from January 

2023 to January 2024, including 91 postoperative laparotomy patients admitted to the ICU. 

Demographic and clinical data were recorded, and laboratory biomarkers such as white blood cell 

count, neutrophil-to-lymphocyte ratio, platelet indices, C-reactive protein, and procalcitonin were 

analyzed. Coagulation markers including D-dimer and fibrinogen were also evaluated. 

Histopathological findings from surgical specimens were documented. ‘The incidence of sepsis, 

septic shock, and mortality was assessed, and statistical analysis was performed to determine 

significant associations’. 

 

Results 

Sepsis occurred in 60.4% of patients, with 33% developing septic shock. The 30-day mortality rate 

was 23.1%, while in-hospital mortality reached 30.8%. Elevated white blood cell count, neutrophil-

to-lymphocyte ratio, C-reactive protein, and procalcitonin levels were significantly associated with 
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sepsis development. Increased D-dimer and fibrinogen levels correlated with higher mortality rates. 

Histopathological analysis revealed that acute and chronic inflammation were the most common 

findings, while ischemic necrosis and malignancy were present in a subset of patients. ‘Prolonged 

ICU stay, mechanical ventilation, and higher SOFA and APACHE II scores were strongly linked to 

poor outcomes’. 

 

Conclusion 

Hematological biomarkers and histopathological findings play a crucial role in predicting sepsis and 

mortality in postoperative laparotomy patients. Early identification of high-risk cases through 

routine biomarker assessment can aid in timely interventions, potentially improving survival. Future 

research should focus on validating these findings in larger, multicenter studies to enhance critical 

care management strategies. 

 

Keywords: Sepsis, hematological biomarkers, postoperative laparotomy, intensive care unit, 

mortality, procalcitonin, C-reactive protein, neutrophil-to-lymphocyte ratio, histopathology, D-

dimer. 

 

INTRODUCTION 

Sepsis remains a leading cause of morbidity and mortality in critically ill surgical patients, 

particularly those undergoing major abdominal procedures[1]. Postoperative laparotomy patients in 

the intensive care unit (ICU) are at high risk of developing sepsis due to factors such as surgical site 

infections, intra-abdominal contamination, and prolonged hospital stays. Despite advances in critical 

care, ‘the early identification of patients at risk for sepsis and mortality remains a challenge’ [2]. 

Hematological biomarkers have gained increasing attention for their potential role in predicting 

sepsis and adverse outcomes[3]. Parameters such as white blood cell count, neutrophil-to-

lymphocyte ratio, platelet indices, and inflammatory markers like C-reactive protein and 

procalcitonin have been widely studied as early indicators of infection and systemic inflammation. 

Additionally, coagulation-related biomarkers, including D-dimer and fibrinogen, have been 

associated with sepsis progression and poor prognosis. Identifying reliable laboratory markers can 

aid in risk stratification, enabling timely interventions that may reduce complications and improve 

patient outcomes[4]. 

Histopathological findings also provide valuable insights into the underlying disease process in 

postoperative patients[5]. The presence of acute and chronic inflammation, ischemic necrosis, or 

malignancy can significantly influence recovery and prognosis. Understanding the correlation 

between these histological changes and clinical outcomes may help refine management strategies 

for high-risk patients[6]. 

‘This study aims to assess the association between hematological biomarkers and sepsis-related 

mortality in postoperative laparotomy patients admitted to the ICU’. By evaluating key laboratory 

parameters and histological findings, this research seeks to identify early predictors of adverse 

outcomes, which may contribute to improved clinical decision-making and patient survival. 

 

METHODOLOGY 

This study was conducted at Jinnah Medical College and Surgery Unit, and ICU Unit of DHQ/Mufti 

Mehmood Teaching Hospital (MMTI) Dera Ismail Khan, over one year, from January 2023 to 

January 2024. A total of 91 postoperative laparotomy patients admitted to the intensive care unit 

(ICU) were included. ‘The study aimed to evaluate the association of hematological biomarkers 

with sepsis and mortality in these critically ill patients’. 

This was a prospective observational study, enrolling patients who underwent laparotomy for 

various indications, including bowel perforation, malignancy, trauma, and ischemic conditions. Both 

emergency and elective surgical cases were considered. ‘Patients under 18 years of age, those with 

pre-existing hematological disorders, and individuals with incomplete medical records were 
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excluded’. ‘Detailed demographic and clinical data were recorded at the time of ICU admission, 

including age, gender, body mass index (BMI), and pre-existing comorbidities such as diabetes, 

hypertension, chronic kidney disease, liver disease, and malignancies’. Smoking history and 

immunosuppression status were also documented. Perioperative details, including the nature of 

surgery (emergency or elective), duration of surgery, estimated blood loss, and intraoperative 

complications, were noted. Postoperative ICU parameters such as mechanical ventilation 

requirement, vasopressor use, and renal replacement therapy were monitored. Hematological 

biomarkers were assessed at ICU admission and during follow-ups. These included white blood cell 

count (WBC), neutrophil-to-lymphocyte ratio (NLR), platelet count, mean platelet volume (MPV), 

red cell distribution width (RDW), hemoglobin levels, and hematocrit. Inflammatory markers such 

as C-reactive protein (CRP) and procalcitonin (PCT) were measured to evaluate infection severity. 

Additional biochemical markers, including lactate, D-dimer, and fibrinogen levels, were analyzed to 

assess metabolic and coagulation abnormalities. Tissue samples obtained during surgery were sent 

for histopathological evaluation. Findings were categorized into acute inflammation, chronic 

inflammation, gangrenous changes, ischemic necrosis, fibrosis, and malignancy. Sepsis was 

diagnosed based on the Sepsis-3 criteria, while septic shock was defined by persistent hypotension 

requiring vasopressor support. ‘The Sequential Organ Failure Assessment (SOFA) score and Acute 

Physiology and Chronic Health Evaluation II (APACHE II) score were calculated to assess disease 

severity’. Patient outcomes, including ICU length of stay, hospital stay duration, 30-day mortality, 

and overall in-hospital mortality, were recorded. Data were analyzed using SPSS. ‘Continuous 

variables were expressed as mean ± standard deviation (SD) or median (interquartile range), while 

categorical variables were presented as frequencies and percentages, comparisons between groups 

were performed using independent t-tests or Mann-Whitney U tests for continuous variables and 

chi-square or Fisher’s exact tests for categorical variables’. A p-value of <0.05 was considered 

statistically significant. 

 

RESULT  

The study included 91 postoperative laparotomy patients admitted to the ICU. The average age of 

the participants was approximately 56 years, with a slight male predominance. Obesity and 

overweight were common, with an average BMI of 24.7 kg/m². Among the comorbidities, 

hypertension and diabetes were the most frequently observed conditions, affecting 38.5% and 29.7% 

of patients, respectively. Chronic kidney disease, liver disease, and malignancies were less prevalent 

but still noteworthy. A significant number of patients (22%) had a smoking history, and 15.4% were 

immunosuppressed. Statistical analysis showed that age, diabetes, and hypertension were 

significantly associated with postoperative complications, while other demographic factors showed 

weaker correlations. 

 

Table 1: Demographic and Clinical Characteristics (N=91) 

Variable N (%) or Mean ± SD p-value 

Age (years) 56.4 ± 12.8 0.045 

Male Gender 62 (68.1%) 0.321 

BMI (kg/m²) 24.7 ± 4.1 0.067 

Diabetes Mellitus 27 (29.7%) 0.024 

Hypertension 35 (38.5%) 0.056 

Chronic Kidney Disease 12 (13.2%) 0.089 

Chronic Liver Disease 9 (9.9%) 0.102 

Chronic Respiratory Disease 7 (7.7%) 0.127 

Malignancy 5 (5.5%) 0.208 

Smoking Status 20 (22.0%) 0.154 

Immunosuppression History 14 (15.4%) 0.178 
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A large proportion of patients (71.4%) underwent emergency laparotomy, highlighting the critical 

nature of their condition upon admission. The average duration of surgery was close to four hours, 

and the estimated blood loss was substantial, averaging 410 mL per patient. ‘The length of ICU stay 

was notably prolonged, with an average of 10.5 days, reflecting the severity of these cases’. ‘More 

than half of the patients (52.7%) required mechanical ventilation, and among them, the duration of 

ventilatory support averaged nearly five days’. The need for vasopressors was observed in a third of 

the patients, indicating a high incidence of hemodynamic instability. ‘Statistical analysis revealed 

that emergency surgery and ICU length of stay were significantly associated with poorer outcomes, 

emphasizing the importance of early intervention and perioperative optimization’. 

 

Table 2: Perioperative and Clinical Variables (N=91) 

Variable N (%) or Mean ± SD p-value 

Emergency Surgery 65 (71.4%) 0.012 

Duration of Surgery (hours) 3.8 ± 1.2 0.087 

Perioperative Blood Loss (mL) 410 ± 125 0.045 

ICU Stay Duration (days) 10.5 ± 5.3 0.006 

Mechanical Ventilation 48 (52.7%) 0.021 

Ventilation Duration (days) 4.6 ± 2.1 0.077 

Vasopressor Requirement 30 (33.0%) 0.032 

Renal Replacement Therapy (RRT) 15 (16.5%) 0.091 

 

White blood cell count, a key indicator of infection and inflammation, was elevated in most patients, 

averaging 12.5 ×10⁹/L. The neutrophil-to-lymphocyte ratio, another important marker of systemic 

inflammation, was also high, suggesting an ongoing immune response. Platelet counts varied 

widely, though their mean value remained within the normal range. Mean platelet volume and red 

cell distribution width, which are markers of platelet activation and red cell variation, showed 

moderate increases, potentially indicating underlying sepsis-related changes. Elevated levels of 

inflammatory markers such as C-reactive protein and procalcitonin were strongly associated with 

sepsis development, reinforcing their role in predicting infection severity. Furthermore, increased 

lactate and D-dimer levels pointed towards metabolic distress and possible coagulation dysfunction 

in critically ill patients. 

 

Table 3: Hematological Biomarkers (N=91) 

Biomarker Mean ± SD p-value 

White Blood Cell Count (×10⁹/L) 12.5 ± 4.3 0.002 

Neutrophil-to-Lymphocyte Ratio (NLR) 8.7 ± 2.9 0.008 

Platelet Count (×10⁹/L) 210 ± 58 0.056 

Mean Platelet Volume (MPV, fL) 9.8 ± 1.6 0.032 

Red Cell Distribution Width (RDW, %) 14.7 ± 3.1 0.014 

Hemoglobin (Hb, g/dL) 10.5 ± 1.9 0.067 

Hematocrit (HCT, %) 38.5 ± 4.5 0.092 

C-Reactive Protein (CRP, mg/L) 96.7 ± 32.4 0.011 

Procalcitonin (PCT, ng/mL) 4.1 ± 1.5 0.005 

Lactate (mmol/L) 2.8 ± 0.9 0.043 

D-dimer (ng/mL) 1520 ± 480 0.026 

Fibrinogen (mg/dL) 490 ± 110 0.019 

 

These findings indicate that inflammatory changes were the most common histological patterns, 

with acute and chronic inflammation accounting for over half of the cases. Gangrene and ischemic 

necrosis were also significant, particularly in patients with bowel perforation or vascular 
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compromise. Malignancy was observed in a smaller percentage but had notable clinical 

implications. The statistical significance of these findings suggests a strong correlation between 

histological changes and postoperative complications. 

 

Table 4: Histopathological Findings in Postoperative Laparotomy Patients (N=91) 

Histological Diagnosis N (%) p-value 

Acute Inflammation 28 (30.8%) 0.015 

Chronic Inflammation 22 (24.2%) 0.032 

Gangrenous Tissue 15 (16.5%) 0.008 

Malignancy 10 (11.0%) 0.041 

Ischemic Necrosis 9 (9.9%) 0.027 

Fibrotic Changes 7 (7.7%) 0.056 

 

Sepsis was a major concern, occurring in 60.4% of patients, with one-third developing septic shock. 

On average, sepsis developed within four days postoperatively, underlining the rapid progression of 

infection in high-risk patients. Severity scoring systems such as SOFA and APACHE II showed 

elevated values, correlating with worse clinical outcomes. ICU length of stay was significantly 

prolonged in patients with sepsis, averaging over 12 days, and overall hospital stay extended to 

nearly three weeks. Mortality rates were high, with 23.1% of patients dying within 30 days and an 

overall in-hospital mortality of 30.8%. Statistical analysis demonstrated a strong association 

between sepsis, high SOFA scores, prolonged ICU stay, and mortality, reinforcing the need for early 

recognition and aggressive management of postoperative infections. 

 

Table 5: Sepsis and Mortality Outcomes (N=91) 

Variable N (%) or Mean ± SD p-value 

Sepsis Development 55 (60.4%) 0.003 

Septic Shock Occurrence 30 (33.0%) 0.021 

Days to Sepsis Development 4.2 ± 1.6 0.018 

SOFA Score 9.8 ± 3.5 0.006 

APACHE II Score 18.2 ± 5.4 0.014 

Length of ICU Stay (days) 12.3 ± 6.1 0.039 

Length of Hospital Stay (days) 20.7 ± 9.2 0.057 

30-day Mortality 21 (23.1%) 0.012 

In-hospital Mortality 28 (30.8%) 0.007 
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DISCUSSION 

This study evaluated the association of hematological biomarkers with sepsis and mortality in 

postoperative laparotomy patients admitted to the ICU. The findings revealed a high incidence of 

sepsis and mortality, highlighting the critical nature of these patients and the need for early risk 

assessment. 

Sepsis developed in more than half of the patients, with a significant proportion progressing to 

septic shock. ‘These findings align with previous studies that have demonstrated a high risk of 

postoperative infections in critically ill surgical patients, particularly those undergoing emergency 

procedures’ [7-9]. The elevated white blood cell count and neutrophil-to-lymphocyte ratio observed 

in this study were consistent with earlier research emphasizing their role as early markers of 

infection. ‘Elevated inflammatory markers such as C-reactive protein and procalcitonin also showed 

a strong correlation with sepsis development, reinforcing their diagnostic value in critically ill 

patients’ [10-12]. ‘The mortality rates in this study were comparable to those reported in previous 

studies on ICU patients undergoing major abdominal surgery’[13-15]. A 30-day mortality rate of 

23.1% and an in-hospital mortality rate of 30.8% indicate the severity of complications in this 

patient population. ‘Similar studies have identified prolonged ICU stay, the need for mechanical 

ventilation, and higher SOFA and APACHE II scores as significant predictors of mortality, findings 

that were also observed in this study’ [16-18]. Histopathological analysis provided additional 

insights into the underlying pathology. Acute and chronic inflammation were the most common 

findings, reflecting the body’s response to infection and surgical trauma. The presence of 

gangrenous tissue and ischemic necrosis in a subset of patients further emphasized the role of tissue 

perfusion deficits in postoperative complications. These results were consistent with previous 

histopathological studies linking poor tissue oxygenation and delayed surgical intervention to worse 

outcomes[19-21]. The findings of this study highlight the importance of close monitoring of 

hematological and inflammatory biomarkers in postoperative patients. Early identification of high-

risk cases using laboratory parameters can guide timely interventions, such as aggressive infection 

control measures and targeted hemodynamic support, potentially reducing sepsis-related mortality. 

‘Further research with larger sample sizes and multicenter studies is needed to strengthen these 

associations and improve clinical protocols for managing critically ill surgical patients’. 

 

CONCLUSION 

This study highlights the significant association between hematological biomarkers and sepsis-

related mortality in postoperative laparotomy patients admitted to the ICU. A high incidence of 

sepsis and septic shock was observed, with inflammatory markers such as white blood cell count, 

neutrophil-to-lymphocyte ratio, C-reactive protein, and procalcitonin showing strong predictive 

value. Mortality rates were substantial, emphasizing the need for early risk stratification and 

targeted interventions. Histopathological findings further reinforced the role of underlying 

inflammatory and ischemic changes in patient outcomes. 

The results suggest that routine monitoring of hematological biomarkers can aid in the early 

identification of high-risk patients, enabling timely management strategies to reduce complications 

and improve survival.  
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