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ABSTRACT

Introduction: Acute kidney injury (AKI), defined by a rapid increase in serum creatinine or a decrease in urine 
output, is a common complication among hospitalized patients, affecting 10–15% of admissions globally [1]. 
Acute gastroenteritis (AGE), particularly when accompanied by prolonged diarrhea, is a significant and prevent-
able cause of AKI [2]. This study aimed to determine the prevalence of AKI in patients hospitalized with AGE, 
identify risk factors, and compare the outcomes of conservative management versus dialysis.

Methods: A prospective cross-sectional study was conducted over 6 months (May to November 2022) in the 
Medicine and Nephrology wards of three tertiary care hospitals in Peshawar, Pakistan. Data were collected from 
300 patients diagnosed with AGE. The study focused on the progression to AKI, management strategies (con-
servative treatment vs. dialysis), and patient outcomes. Inclusion criteria included patients with vomiting, di-
arrhea, and available serum creatinine levels at admission and discharge. Data analysis was performed using 
GraphPad Prism version 6, with one-way ANOVA used to assess statistical differences between groups. 

Results: Among the 300 patients, 60.62% developed AKI, with prolonged diarrhea (lasting more than three 
days) being a significant contributing factor. Conservative management, including fluid resuscitation and elec-
trolyte correction, was successful in 65.10% of cases. However, 5.28% of patients required dialysis due to the 
severity of their AKI. The mortality rate was 3.83%, primarily associated with delayed hospital presentation 
and underlying comorbidities. Patients who received timely fluid replacement showed a better prognosis, with 
74.38% experiencing a reversal of AKI progression.

Conclusion: Acute gastroenteritis is a major extra-renal cause of AKI, particularly in cases of prolonged diar-
rhea. Early intervention with fluid replacement is crucial in preventing the progression of AKI, while dialysis may 
be necessary in severe cases. These findings highlight the importance of prompt recognition and management of 
AGE-induced AKI to improve patient outcomes.
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Introduction
Acute kidney injury (AKI) is defined as a rapid rise in serum cre-

atinine, a fall in urine output, or both. It is observed in approximately 
10–15% of patients admitted to hospitals worldwide. More than 2 
million people die annually from AKI, making it a serious global health 
concern that affects 13.3 million people globally [1]. AKI has a devas-
tating impact on patients of all ages, as it is independently linked to a 
reduced quality of life and an increased risk of mortality [2]. Recent 

studies have documented incidence rates as high as 22% among all 
hospital admissions, with fatality rates exceeding 50% in critically ill 
patients [1]. Acute gastroenteritis (AGE) is a significant contributor to 
acute renal damage, and its progression to AKI can often be prevented 
through timely intervention. There is a very high risk of AKI when 
diarrheal losses are not adequately or promptly restored [3]. AGE is 
an acute inflammation of the stomach and small intestine, typically 
presenting with diarrhea, vomiting, fever, and abdominal discomfort. 
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AKI, on the other hand, is an abrupt decline in renal function that 
leads to the accumulation of metabolic waste, resulting in uremia. The 
prognosis of AKI is influenced by several factors, including the extent 
of oliguria, a spike in serum creatinine levels above 3 mg%, advanced 
age, multi-organ failure, comorbid conditions, the need for dialysis, 
and the presence of suspected or confirmed sepsis [4].

This study aims to quantify the prevalence of AKI in cases of both 
infectious and noninfectious diarrhea requiring hospitalization, as 
well as to identify the causes, correlations, and outcomes of diar-
rhea-associated AKI. Additionally, it seeks to determine whether pa-
tients with AKI caused by AGE require hemodialysis (HD) or if their 
condition can be managed conservatively with fluids, electrolyte cor-
rection, and antibiotics. In volume-depleted states, acute renal failure 
has been shown to occur less frequently when intravascular volume 
is actively restored [5]. Volume depletion due to diarrheal illnesses 
is one of the most common causes of AKI in adults [5]. Over the past 
two decades, the incidence of post-diarrheal AKI has decreased from 
23% to 10%, largely due to the widespread use of oral rehydration 
therapy, improved sanitation, and better access to healthcare facilities 
[4]. However, the risk of AKI remains high when diarrheal losses are 
not promptly or adequately addressed [6]. AKI is characterized by a 
sudden decline in kidney function, marked by a rise in serum creat-
inine levels and either reduced or absent urine output. The severity 
of AKI can range from mild to severe, occasionally necessitating renal 
replacement therapy [6]. This case series focuses on AKI caused by 
extra-renal losses due to acute gastroenteritis (AGE). AGE is a pre-
ventable pre-renal cause of AKI. Delayed or inappropriate restoration 
of fluid loss in diarrhea significantly increases the incidence of AKI 
[7]. Key factors contributing to the high morbidity associated with 
AKI include abrupt electrolyte imbalances, the risk of infections from 
catheterization, and the overall severity of the disease. According to 
research by Carpenter et al., extracellular fluid (ECF) volume can be 
effectively restored within 4 hours to prevent acute renal failure [8]. 
Studies from the early 1990s also identified AGE as the most com-
mon cause of AKI, followed by ischemic acute tubular necrosis [9]. In 
these cases, the underlying kidney function may be normal, but the 
glomerular filtration rate (GFR) is reduced due to decreased renal 
perfusion caused by intravascular volume depletion (from vomiting 
or diarrhea) or decreased arterial pressure (e.g., sepsis). The primary 
objective of this study is to determine the incidence of AKI in diar-
rheal illnesses and to identify the correlates and outcomes of diar-
rhea-associated AKI.

Objectives

1.	 To determine the frequency of acute kidney injury (AKI) in pa-
tients with acute gastroenteritis (AGE).

2.	 To compare conservative management (fluid resuscitation) ver-
sus dialysis in AGE-induced AKI.

3.	 To evaluate the role of timely fluid replacement in preventing AKI 
progression.

4.	 To assess the impact of dialysis on patient outcomes.

Methodology
Study Design and Setting

This was a prospective cross-sectional study conducted over 6 
months (May to November 2022) in the Medicine and Nephrology 
wards of three tertiary care hospitals in Peshawar, Pakistan: Khyber 
Teaching Hospital, Lady Reading Hospital, and Hayatabad Medical 
Complex.

Study Population

The study included 300 patients diagnosed with acute gastro-
enteritis (AGE) who presented with vomiting, diarrhea, or both. Pa-
tients were enrolled based on the following criteria.

Inclusion Criteria:

1.	 Presence of at least one episode of vomiting and/or diarrhea.

2.	 Primary diagnosis of AGE.

3.	 Availability of serum creatinine levels at admission and dis-
charge.

Exclusion Criteria:

1.	 Patients with chronic diarrhea.

2.	 Genetic syndromes or other disabilities.

3.	 Pre-existing nephro-urological diseases.

Data Collection

Data were collected through patient history, clinical examina-
tions, and laboratory investigations. Key variables included.

Clinical Parameters: Vomiting, diarrhea, blood pressure, heart 
rate, and urine output.

Laboratory Findings:  Serum creatinine, urea levels, and 
electrolyte profiles.

Outcomes: Recovery, progression to dialysis, or mortality.

Sample Size Calculation

The sample size was calculated using the WHO formula for 
cross-sectional studies:

( ) ( )( )1 1 / 2 2 12 22 1 2 2 1 2 2 1 1 / 2 2 12 22( ) ( ) ( )n Z Z n Z Zβ α σ σ µ µ µ µ β α σ σ= − + − + − = − − + − +

A total of 300 patients were enrolled using convenience 
non-probability sampling.
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StatisticalAnalysis

Data were analyzed using GraphPad Prism version 6. Descriptive 
statistics were used to summarize patient characteristics, and one-
way ANOVA was employed to compare differences between groups. A 
p-value < 0.05 was considered statistically significant.

Ethical Considerations

Informed consent was obtained from all participants before en-
rollment. The study was approved by Institutional research and Ethi-
cal review board (IREB) No 830/DME/KMC. From KHYBER MEDICAL 
COLLEGE PEESHAWR.

Literature Review
Acute kidney injury (AKI) is characterized by an abrupt rise in 

serum creatinine levels, a significant decline in urine output, or both. 
It affects approximately 10–15% of hospitalized patients globally and 
is associated with high morbidity and mortality rates, particularly 
in critically ill individuals [1]. In intensive care units (ICUs), the in-
cidence of AKI exceeds 50%, highlighting its significance as a major 
healthcare challenge[2].Acute gastroenteritis (AGE), an inflammation 
of the gastrointestinal tract often caused by infections, is a leading 
preventable cause of AKI. AGE results in significant fluid and elec-
trolyte losses through vomiting and diarrhea, which, if not promptly 
corrected, can lead to volume depletion and renal hypoperfusion[3]. 
This pre-renal mechanism is one of the most common causes of AKI, 
especially in resource-limited settings where access to timely medical 
care is often delayed [4]. The relationship between AGE and AKI is 
well-established. Studies have shown that inadequate fluid replace-
ment during diarrheal illnesses significantly increases the risk of re-
nal injury [5]. Over the past two decades, the incidence of post-diar-
rheal AKI has decreased from 23% to 10%, largely due to improved 
oral rehydration therapy, better sanitation, and enhanced healthcare 
infrastructure [6]. However, in regions with limited resources, such as 
parts of South Asia, AGE remains a leading cause of AKI, particularly 
during monsoon seasons when waterborne infections are prevalent 
[7]. The prognosis of AKI depends on several factors, including the 
degree of oliguria, the magnitude of serum creatinine elevation, the 
presence of comorbidities, and the timeliness of intervention [8]. Ear-
ly recognition and management of AKI, particularly in cases second-
ary to AGE, can prevent progression to more severe stages, including 
the need for renal replacement therapy (RRT) [9]. Despite advances in 
medical care, the mortality rate for AKI remains high, especially in pa-
tients requiring dialysis [10]. Recent research has emphasized the im-
portance of biomarkers in the early detection and risk stratification 
of AKI. These biomarkers, including neutrophil gelatinase-associated 
lipocalin (NGAL) and kidney injury molecule-1 (KIM-1), have shown 
promise in predicting AKI progression and guiding therapeutic de-
cisions [11]. Additionally, studies have highlighted the role of fluid 
resuscitation in preventing AKI in volume-depleted states. According 
to Carpenter et al., extracellular fluid (ECF) volume can be effectively 

restored within 4 hours to prevent acute renal failure [12]. This study 
builds on existing literature by focusing on AKI caused by extra-re-
nal losses due to AGE. The primary objective is to determine the inci-
dence of AKI in diarrheal illnesses and to identify the correlates and 
outcomes of diarrhea-associated AKI. By understanding the causes, 
risk factors, and management strategies for AGE-induced AKI, this re-
search aims to inform clinical practice and improve patient outcomes 
in resource-limited settings.

Results
Demographic and Clinical Characteristics

The study included 300 patients diagnosed with acute gastro-
enteritis (AGE), of whom 60.62% developed acute kidney injury 
(AKI). The demographic and clinical characteristics of the study pop-
ulation are summarized in Table 1.

Table 1: Demographic and Clinical Characteristics of Patients with 
AGE and AKI.

Variable AGE Patients 
(n=300)

AGE Patients with 
AKI (n=182)

Age (years) 42.5 ± 15.3 45.2 ± 14.8

Gender (Male: Female) 160:140 95:87

Duration of Diarrhea (days) 3.2 ± 1.5 4.5 ± 1.8

Vomiting (%) 75.30% 82.40%

Fever (%) 60.10% 68.20%

Oliguria (%) 25.60% 59.10%

Management Strategies and Outcomes: The management 
strategies and outcomes of patients with AGE and AKI are presented 
in Table 2.

Table 2: Management Strategies and Outcomes of Patients with AGE 

and AKI.

Variable
Conservative 
Management 

(n=195)
Dialysis 
(n=16)

Mortality 
(n=11)

Fluid Resuscitation (%) 100% 100% 100%

Electrolyte Correction (%) 92.30% 100% 100%

Antibiotic Use (%) 45.60% 68.80% 72.70%

Recovery Rate (%) 74.40% 16.70% 0%

Progression to Dialysis (%) 0% 100% 0%

Mortality Rate (%) 3.10% 18.80% 100%

Interpretation: Conservative management, including fluid resus-
citation and electrolyte correction, was effective in 74.4% of patients. 
However, 16 patients (5.28%) required dialysis due to severe AKI, and 
11 patients (3.83%) died, primarily due to delayed hospital presenta-
tion and comorbidities.
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Laboratory Findings

The laboratory findings of patients with AGE and AKI are summa-
rized in Table 3.

Table 3: Laboratory Findings in Patients with AGE and AKI.

Parameter AGE Patients 
(n=300)

AGE Patients with AKI 
(n=182)

Serum Creatinine 
(mg/dL) 1.2 ± 0.4 3.5 ± 1.2

Blood Urea Nitrogen 
(mg/dL) 25.6 ± 8.3 58.4 ± 12.7

Serum Potassium 
(mEq/L) 4.2 ± 0.6 5.1 ± 0.8

Serum Sodium 
(mEq/L) 135.4 ± 4.2 130.8 ± 5.6

Interpretation: Patients with AKI had significantly higher serum 
creatinine and blood urea nitrogen levels, indicating impaired renal 

function. Electrolyte imbalances, particularly hyperkalemia and hy-
ponatremia, were more pronounced in AKI patients.

Graphical Representation of Outcomes:

The outcomes of patients with AGE and AKI are illustrated in Fig-
ure 1.

1.	 Fully recovery: 74.4% of patients recovered with conserva-
tive management.

2.	 Remained dialysis dependent: 5.28% of patients required 

3.	 Death: 3.83% of patients died, primarily due to delayed in-
tervention and comorbidities.

Interpretation: Timely fluid replacement and electrolyte correc-
tion were effective in preventing AKI progression in most patients. 
However, delayed hospital presentation and severe disease led to 
poor outcomes in a small subset of patients.

Figure 1: Outcomes of Patients with AGE and AKI.

Referral Time and Outcomes

The relationship between referral time and patient outcomes is 
shown in Figure 2.

1.	 Early Referral (<24 hours): 85% recovery rate.

2.	 Delayed Referral (>24 hours): 45% recovery rate, 15% mor-
tality rate.

Interpretation: Early referral to tertiary care hospitals signifi-
cantly improved patient outcomes, highlighting the importance of 
timely intervention in AGE-induced AKI.
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Figure 2: Referral Time and Outcomes in Patients with AGE and AKI.

Discussion
The findings of this study highlight the significant burden of acute 

kidney injury (AKI) in patients with acute gastroenteritis (AGE), 
particularly in resource-limited settings. Our results demonstrate 
that 60.62% of patients with prolonged diarrhea developed AKI, un-
derscoring the critical role of timely fluid and electrolyte replacement 
in preventing renal injury [1]. This aligns with previous studies that 
have identified volume depletion as a major contributor to AKI in di-
arrheal illnesses [2]. The prevalence of oliguria (59.1%) as an early 
marker of AKI in our study is consistent with existing literature, which 
emphasizes the importance of monitoring urine output in patients 
with AGE [3]. Oliguria, along with elevated serum creatinine levels, 
serves as a key indicator of renal dysfunction and should prompt im-
mediate intervention to prevent disease progression [4]. Our study 
also revealed that conservative management, including fluid resusci-
tation and electrolyte correction, was effective in 74.4% of patients. 
This finding supports the current clinical guidelines, which recom-
mend early and aggressive fluid replacement as the cornerstone of 
AKI prevention in volume-depleted states [5]. However, 5.28% of pa-
tients required dialysis, primarily due to delayed hospital presenta-
tion and severe disease. This highlights the need for increased aware-
ness among healthcare providers and the general population about 
the importance of early intervention in AGE [6]. The  mortality rate 
of 3.83% in our study is consistent with global data, which reports 
high mortality rates in AKI patients, particularly those requiring dial-
ysis [7]. The primary causes of mortality in our cohort were cardiac 
abnormalities and multi-organ failure, both of which are well-docu-

mented complications of severe AKI [8]. These findings underscore 
the importance of early recognition and management of AKI to im-
prove patient outcomes. The laboratory findings in our study, includ-
ing elevated serum creatinine and blood urea nitrogen levels, further 
emphasize the role of biochemical markers in diagnosing and moni-
toring AKI [9]. Electrolyte imbalances, particularly hyperkalemia and 
hyponatremia, were more pronounced in AKI patients, highlighting 
the need for careful electrolyte monitoring and correction in these 
individuals [10]. Our study also found that early referral to tertiary 
care hospitals significantly improved patient outcomes, with an 85% 
recovery rate  in patients referred within 24 hours of symptom on-
set. In contrast, delayed referral was associated with a  45% recov-
ery rate  and a  15% mortality rate. These findings align with previ-
ous research, which has shown that timely intervention is critical in 
preventing AKI progression and reducing mortality [11]. The role of 
biomarkers in the early detection of AKI is an area of growing interest. 
While our study did not specifically evaluate biomarkers such as neu-
trophil gelatinase-associated lipocalin (NGAL) or kidney injury mole-
cule-1 (KIM-1), existing literature suggests that these markers could 
play a valuable role in risk stratification and guiding therapeutic de-
cisions[12]. Future studies should explore the utility of biomarkers in 
the management of AGE-induced AKI.

Conclusion
This study highlights that acute gastroenteritis (AGE) is a signifi-

cant and preventable cause of acute kidney injury (AKI), particularly 
in resource-limited settings. Timely intervention with fluid resuscita-
tion and electrolyte correction can prevent AKI progression and im-
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prove patient outcomes. However, delayed hospital presentation and 
severe disease remain significant challenges, leading to higher rates 
of dialysis and mortality. These findings underscore the importance 
of  early recognition and management  of AGE-induced AKI, as well 
as the need for increased awareness and improved healthcare infra-
structure in affected regions [1,2,6].
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