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• Early-stage fi brosis (F0) is the most prevalent, with 82 
cases, 50%, indicating that a signifi cant portion of individuals 
exhibit minimal or no fi brosis.

• Mild to moderate fi brosis (F1) is observed in 71 cases 
(43.3%, suggesting early structural changes in liver tissue.

• Moderate to advanced fi brosis (F2) is reported in 49 
cases -29.9%, refl ecting a further progression of liver damage.

• Advanced fi brosis (F3) accounts for 48 cases-29.3%, 
indicating a near-cirrhotic state with a high risk of complications.

• Severe fi brosis or cirrhosis (F4) was present in 30 
cases-18.3%, representing the most critical stage with signifi cant 
liver dysfunction.

Ascites
The presence of ascites, a common complication of liver 

and CKD disease, was analyzed as follows:
• No ascites (153 cases, 92.7%)
• Grade 1 ascites (3 cases, 1.8%)
• Grade 2 ascites (6 cases, 3.6%)
• Grade 3 ascites (1 case, 0.6%)

Figure 5 shows the distribution of diabetes mellitus cases. 
The majority of individuals, 74.5%, do not have diabetes. 
Among those diagnosed with diabetes, Type 2 diabetes is the 
most common, accounting for 14.5% of cases. Type 1 diabetes 
is less prevalent, occurring in 6.1% of individuals. This data 
suggests that while most people are free from diabetes, Type 2 
diabetes is signifi cantly more common than Type 1, refl ecting 
general trends where Type 2 diabetes is often linked to lifestyle 
and metabolic factors. 

This data suggests that most individuals exhibit a minimal 
viral load, while moderate and pronounced levels are rare. The 
proportion of cases without a defi ned viral load remains low.

The distribution of arterial hypertension among the studied 
population reveals a signifi cant prevalence of severe cases.

• Grade 3 hypertension with risk 4 is the most common 
category, accounting for 53.9% of cases. This indicates a high 
proportion of individuals at signifi cant cardiovascular risk.

• Individuals without hypertension make up 39.4% of 
the population, suggesting that a substantial portion remains 
unaffected.

• Grade 2 hypertension is observed in 4.8% of cases, 
while Grade 1 hypertension is the least common, affecting only 
1.2% of individuals.

Figure 4 –Distribution of fi brosis stages

These fi ndings highlight the high prevalence of severe 
arterial hypertension, emphasizing the need for effective 
prevention and management strategies to reduce cardiovascular 
complications.

Discussion
The fi ndings of this study underscore the signifi cant 

burden of Hepatitis B Virus (HBV) and Hepatitis C Virus 
(HCV) infections among hemodialysis patients, a population 
already at heightened risk due to their immunocompromised 
state and frequent exposure to invasive medical procedures. The 
high prevalence of HCV infection (76.4%) in the studied cohort 
aligns with global epidemiological trends, where HCV remains 
the dominant viral infection among hemodialysis patients. The 
lower prevalence of HBV (13.9%) and mixed infections (9.1%) 
is consistent with prior studies that indicate the effectiveness of 
HBV vaccination programs and strict infection control measures 
in reducing HBV transmission in dialysis settings [9].

Comorbidities and Disease Progression
A signifi cant observation in this study was the high 

prevalence of comorbid conditions, including hypertension 
(53.9%), diabetes mellitus (14.5%), and liver cirrhosis (89.7%), 
which exacerbate disease progression and worsen clinical 
outcomes[10]. These fi ndings support previous research 
indicating that viral hepatitis in hemodialysis patients is 
frequently associated with metabolic disorders. HCV infection, 
in particular, has been linked to insulin resistance and type 2 
diabetes mellitus, which contribute to faster disease progression 
and increased cardiovascular morbidity in this population. 
Additionally, hypertension and chronic kidney disease (CKD) 
are closely intertwined, as kidney dysfunction leads to sodium 
retention and vascular stiffness, further increasing cardiovascular 
risks[11].

The high prevalence of fi brosis progression is another 
concerning fi nding, with over 43% of patients exhibiting 
moderate to severe fi brosis (F2-F4 stages). The presence of 
cirrhosis in nearly 90% of cases highlights the need for early 
detection and aggressive management of fi brosis to prevent 
decompensated liver disease and hepatocellular carcinoma 
(HCC)[12]. Previous studies have demonstrated that HCV 
accelerates fi brosis progression in patients with CKD, and 

Figure 5 – Frequency of diabetes mellitus
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hemodialysis patients with advanced fibrosis or cirrhosis face 
higher mortality rates due to complications such as variceal 
bleeding, portal hypertension, and hepatic encephalopathy.

Viral Genotype and Diagnostic 
Challenges
This study identified HCV genotype 3 (18.2%) and 

genotype 1 (17.6%) as the most common strains, consistent with 
global and regional patterns. However, 36.4% of cases had an 
unspecified genotype, suggesting a need for improved diagnostic 
strategies, including more advanced genotyping techniques and 
increased accessibility to molecular testing. The predominance 
of genotype 3 is particularly concerning, as this strain has been 
associated with more rapid fibrosis progression and reduced 
response rates to certain antiviral therapies.

The distribution of viral load (PCR results) further supports 
the necessity of robust screening and monitoring programs. 
While 66.7% of cases had a minimal viral load, nearly 30% 
exhibited mild to pronounced viremia, which indicates ongoing 
viral replication and a potential risk of transmission within 
dialysis centers[13]. These findings emphasize the critical need 
for routine virological surveillance, strict infection control 
protocols, and timely initiation of antiviral therapy.

Chronic Kidney Disease (CKD) 
and Hepatitis Interactions
The etiology of CKD in patients with viral hepatitis is 

multifactorial, with chronic glomerulonephritis (34.5%) and 
hypertensive nephropathy (15.2%) being the leading causes. 
Diabetic nephropathy accounted for 10.9% of cases, reflecting the 
metabolic consequences of chronic hepatitis infections. Previous 
studies have shown that HCV infection increases the risk of CKD 
progression, likely due to its impact on renal hemodynamics, 
endothelial dysfunction, and systemic inflammation. Similarly, 
HBV-associated nephropathy has been reported, particularly in 
cases of HBV-related membranous nephropathy[14].

The increasing burden of end-stage renal disease (ESRD) 
requiring dialysis in Kazakhstan, as observed in national registry 
data, further underscores the urgent need for targeted public 
health interventions. The rise in dialysis prevalence from 135.2 
per million population (PMP) in 2014 to 350.2 PMP in 2018 
highlights the growing impact of CKD and the necessity for 
comprehensive screening, preventive measures, and improved 
access to renal replacement therapy[15].

Implications for Clinical Practice 
and Public Health
Given the high prevalence of HBV and HCV infections, 

comorbid conditions, and advanced fibrosis in hemodialysis 
patients, an integrated and multidisciplinary approach is required 
for optimal patient management[16]. Key recommendations 
include:

1.	 Enhanced Screening and Early Diagnosis:
•	 Routine HBV and HCV screening in all dialysis patients 

using sensitive molecular assays.
•	 Improved genotyping techniques to optimize 

personalized treatment approaches.
2.	 Public Health Initiatives:
•	 Expansion of HBV vaccination programs, particularly 

among CKD and dialysis patients.
•	 Increased awareness campaigns on hepatitis prevention, 

early testing, and treatment availability.

3.	 Antiviral Treatment Strategies:
•	 Early initiation of direct-acting antivirals (DAAs) for 

HCV to prevent disease progression.
•	 HBV antiviral therapy (e.g., entecavir, tenofovir) in 

high-risk patients to reduce liver-related complications[17].
4.	 Comorbidity Management:
•	 Strict blood pressure control in patients with 

hypertension and nephropathy.
•	 Regular diabetes screening and metabolic monitoring 

in viral hepatitis patients.
•	 Fibrosis staging using non-invasive markers (e.g., 

FibroScan, APRI score) to guide therapy.
5.	 Infection Control in Dialysis Centers:
•	 Strict adherence to universal precautions, including 

single-use dialyzers and disposable gloves.
•	 Implementation of cohort isolation strategies for HBV-

infected patients.
•	 Regular staff training on infection prevention and 

patient education programs.

Conclusion
This study demonstrates a high burden of chronic 

viral hepatitis among hemodialysis patients, with frequent 
comorbidities and advanced liver damage. The findings 
underscore the importance of early screening, enhanced 
diagnostics, and integrated management that involves 
specialists in nephrology, hepatology, and infectious diseases. 
A multidisciplinary approach is crucial to address the complex 
interactions between CKD, hepatitis, hypertension, and diabetes. 
Future efforts should focus on tailored antiviral therapies and 
public health measures to reduce infection transmission and 
improve outcomes in this high-risk population.
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Abstract
Background: Artificial intelligence (AI) is quickly  revolutionizing sports 

science, providing researchers and practitioners with new means to support 
the optimization of performance, the improvement of rehabilitation, and 
the prevention of injuries. Although many AI interventions have been tested 
in  sports, there is still insufficient methodologically sound evidence on the 
effectiveness and feasibility of AI to support and monitoring in the sport 
context.

Objective: The purpose of this systematic review and meta-analysis was 
to  pool the existed studies to investigate the effects of AI-based interventions on 
sport performance, injury prevention and rehabilitation in human participants.

Methods: A comprehensive search of five databases (PubMed, Scopus, 
Web of Science, IEEE Xplore,  SPORTDiscus) was conducted for studies 
published from January 2015 to December 2024. Papers based on human 
subjects and reporting AI-based training or rehabilitation  outcomes in sports/
games were considered. Quality of the studies was determined  using the 
Cochrane RoB 2.0 tool and Newcastle-Ottawa Scale. Random-effects meta-
analysis  was conducted where the effect size was for SMD, and the I² statistic 
was used for heterogeneity. Sensitivity and publication bias tests were  also 
performed.

Results: There were 19 studies included in total, 17 of which could  be 
used for meta-analysis. The meta-analysis  demonstrated a significant and 
moderate-to-large effect of the AI interventions on the outcomes (SMD = 0.68, 
95% CI: 0.52–0.84, p < 0.001). The subgroup analysis demonstrated superior 
effectiveness in injury prevention (SMD: 0.75) and rehabilitation (SMD:  0.69), and 
the machine learning methods were more effective than other AI modalities. 
There was moderate heterogeneity (I² =  58%). Sensitivity analysis verified that 
the  results were robust, and Egger’s test revealed no obvious publication bias 
(p = 0.23).

Conclusion: Applications of AI in sports AI interventions have significant 
potential to go a long way to increase performance of sports personnel, reduce 
risks or injuries and support  sports rehabilitation. This work has implications 
for integrating sport performance and  clinical practice with AI-based 
technologies. Standards for outcomes, methodological  rigour, and ethical and 
pragmatic consideration of AI within sport participation are recommended for 
future research.

Keywords: Artificial intelligence; Sports science; Injury prevention; 
Rehabilitation; Machine learning; Meta-analysis.
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Introduction
Introduction  Artificial intelligence (AI) is 

increasingly becoming a disruptive technology across 
all fields including sports science. By processing 
massive amounts of data and recognizing intricate 
patterns to produce predictive insights, AI technologies 
are driving  unprecedented transformation in the 
training, recovery, and performance of athletes 

[1,2]. AI in sports application ranges widely from 
the optimization  of physical training to real-time 
biomechanical monitoring, rehabilitation protocol 
improvement, and the prevention of sports injury [3]. 
As the empirical nature of sports is increas- ing and 
decision making has become more data driven, AI can 
complement, or even surpass, the traditional decision-
making process, with  personalized, accurate, and 
scalable interventions [4].
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Adoption of  AI in this field has been further accelerated 
by the popularisation of wearable sensors, motion capture 
systems, and computer vision techniques [5]. Machine learning 
models are now able to analyze training loads, biomechanical 
patterns, and physiological responses to identify early markers 
of fatigue, injury  susceptibility, or even subpar performance 
[6]. Moreover, neural networks and deep learning models 
are being used to evaluate the symmetry of movement, the 
monitoring of  functional recovery, and personalized therapy 
[7]. On the other side of the spectrum, away from the  elite 
athletes, AI also has applications in the community-level sports 
as well as semi-urban health care systems, thus supporting 
accessibility and standardization of performance monitoring 
and injury management [8].

In spite of various primary studies and pilot applications 
studying AI interventions in sport, there  is a paucitya and 
demand for synthesizing the evidence. Previous reviews have 
been predominantly narrative or discipline specific, and there 
is a lack of a unifying framework to evaluate AI effectiveness 
across domains ranging from performance enhancement 
to  injury prevention and rehabilitation [9,10]. In addition, 
the diversity of study designs, outcome measures, and AI 
approaches, results in a lack of  generalizability concerning 
effectiveness and transferability [11].

Rationale and Scope
We performed this systematic review and meta-

analysis to bridge a significant knowledge gap by assessing 
critically and  pooling the results of existing research on 
AI-based interventions in sports science. The motivation 
behind the current review  lies in the need for evidence-based 
recommendations for clinicians, coaches, and sports scientists, 
and policy-makers about use-cases for AI technologies in 
everyday athletic and rehabilitation environments [12]. 
Through consideration of sports performance and health, the 
review has taken a holistic  approach to caring for the athlete, 
acknowledging the intersection of elite performance and 
injury avoidance [13].

This scope is in contrast with all of the reviewed items 
that vary from being as narrow as on athlete performance 
analysis only or as broad as machine learning or computer 
vision  detracted from the aims and objective of this review 
[14]. Its objectives are  to evaluate the efficacy, methodological 
quality and consistency of effects of AI interventions in 
different areas and to analyze subgroup effects, heterogeneity 
and publication bias. Furthermore, the current review 
contains a narrative synthesis of studies which  provide 
valuable information on implementation, feasibility, and user 
acceptability even if there is no meta-analysable data [15].

In conclusion, the current review offers an extensive and 
evidence-based assessment of  the future of sports science 
through AI, with an ultimate focus on translational impact, 
methodological soundness, and clinical significance. By 
consolidating the  current literature and highlighting research 
opportunities, this roadmap aspires to influence future 
innovation and the strategic deployment of AI into sport and 
rehabilitation ecology [16].

Methods
Standards for Study  Design and Reporting
The aim of this systematic review and meta-analysis 

was to assess the efficacy of artificial intelligence (AI) 

interventions related to sports performance, injury  prevention, 
and rehabilitation. The approach followed PRISMA 2020 
(Preferred Reporting Items for Systematic reviews and Meta-
Analyses) guideline to ensure  transparency and rigor in study 
selection, data extraction and synthesis.

Eligibility Criteria
Inclusion criteria  Studies were considered eligible if 

they assessed AI interventions targeting humans in a sports 
science setting and presented physical performance and/or 
biomechanical augmentation, and rehabilitation efficacy and/
or injury prevention outcomes. We used  only original articles 
of the peer-reviewed type, published in English during January, 
2015 and December, 2024. Exclusion criteria consisted of: 
studies which involved simulations  or development of an 
algorithm lacking real-world application, review papers, 
conference abstracts, editorials and studies with inadequate 
outcomes or missing the manuscript.

Sources of information 
and search strategy
Five electronic libraries were searched for complete 

literature: PubMed, Scopus, Web of  Science, IEEE Xplore, 
and SPORTDiscus. The search terms  included free-text 
words and Boolean operators such as artificial intelligence, 
machine learning, neural networks, computer vision and sports 
performance, injury prevention, rehabilitation, and training. 
Other records were found by reference screening of eligible 
studies  and relevant reviews. The last search of the  database 
was conducted on [type date].

Study Selection Process
Search results were imported into EndNote  reference 

management software to remove duplications. Title and 
abstract screening were conducted by two reviewers in parallel, 
and two reviewers then assessed  the full text independently 
to establish eligibility. Any  discrepancies were settled by 
consensus or consulting with a third reviewer. PRISMA 2020 
standard was used for selecting studies and this is summarized 
in the flow  chart (Figure 1).

Extraction of  Data and Variables Recorded
Data extraction was conducted with a stan

dardized  extraction form by two independent reviewers. 
The following data were extracted including: author(s) 
name,  year of publication, study design, country, sample 
size, type of sport, characteristics of AI (e.g., machine 
learning, neural networks and computer vision), intervention 
description, outcomes (e.g., performance scores, rehabilitation 
metrics, and injury incidence). When necessary the authors 
of the studies were  contacted for missing data. Differences 
were  adjudicated by consensus.

Risk of Bias Assessment
Methodological quality was assessed with 2  validated 

tools. The Cochrane Risk of Bias 2.0 (RoB 2.0) tool was 
used for RCTs and the Newcastle-Ottawa Scale (NOS) was 
used  for observational and quasi-experimental studies. Two 
reviewers,  independently, assessed that each study had low, 
moderate or high risk of bias, across different domains like 
selection, blinding, outcome assessment and follow-up. An 
overview of bias ratings are shown in Table 2 and visualized 
in Figure  2.
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Statistical Analysis and Synthesis of Data
A random-effects meta-analysis was conducted to 

estimate the effect of AI intervention on  sports outcome by 
standardized mean difference (SMD) with 95% confidence 
interval (CI). In cases possible calculation  data were 
abstracted from reported statistics or calculated from means 
and standard deviations.

Heterogeneity was evaluated by the I² statistic and 
Cochran’s  Q test with I²>50% reflecting moderate-to-
high heterogeneity. To investigate potential sources of 
heterogeneity, subgroup analysis were performed according 
to  the type of AI modality (e.g., machine learning, neural 
networks, computer vision), selected outcome domain (e.g., 
injury prevention, rehabilitation, training optimization), and 
sport (e.g., individual vs. team).

Sensitivity analysis A leave-one-out sensitivity analysis 
was used to evaluate the stability of the pooled estimate. 
Visual estimation of publication bias  was evaluated through 
the inspection of funnel plot and was assessed by Egger’s 
regression test. All analyses were conducted  with [software, 
e.g., Review Manager 5.4 or R (metafor package)].

Results
Study Selection
The study selection process adhered to the PRISMA 

2020 guidelines and is depicted in the flow diagram (Figure 1). 
Following a comprehensive multi-database search and systematic 
screening, studies were assessed for relevance, eligibility, and 
methodological rigor. After the final round of full-text review 
and application of inclusion and exclusion criteria, a total of 19 
studies were included in the systematic review. Among these, 17 
studies provided sufficient quantitative outcome data and were 
subsequently incorporated into the meta-analysis. Figure 1. 

Figure 1 – PRISMA 2020 flow diagram of study selection showing 
identification, screening, eligibility, and inclusion stages, with 
reasons for exclusion.

Characteristics of Included Studies
The systematic review included 19 studies published 

between 2020 and 2024, representing a diverse range of 
geographical and methodological backgrounds. The majority 
of studies originated from China (n = 11) and India (n = 4), 
reflecting strong regional research output in AI-driven sports 
science. Other contributing countries included South Korea, 
Hungary, Greece, and Portugal. Study designs varied, comprising 
randomized controlled trials (RCTs), quasi-experimental studies, 
cohort designs, observational frameworks, and simulation-based 
analyses. Sample sizes ranged from 40 to 120 participants. Sports 
settings included both individual sports (e.g., rehabilitation and 
biomechanics training) and team sports (e.g., tactical analysis 
and coordinated recovery). Notably, 10 studies focused on 
individual athletes, while 7 addressed team sports and 2 examined 
mixed settings. A wide array of AI methodologies were applied 
across the studies. These included machine learning, neural 
networks, computer vision, virtual reality systems, and smart 
sensor technologies. The application domains were grouped 
into injury prevention, rehabilitation, training optimization, and 
performance analytics. Rehabilitation and training optimization 
were the most frequently addressed areas, highlighting AI’s 
growing utility in post-injury recovery and athletic performance 
enhancement. An overview of the included studies, along with 
their key characteristics, is presented in Table 1.

Risk of Bias Assessment
The methodological quality of the included studies 

was evaluated using two validated tools: the Cochrane Risk 
of Bias 2.0 (RoB 2.0) tool for randomized controlled trials, 
and the Newcastle-Ottawa Scale (NOS) for non-randomized 
and observational studies. This dual-approach ensured a 
comprehensive assessment of internal validity across varied 
study designs. Among the 19 studies:

•	 9 studies (47%) were rated as having a low risk of 
bias, indicating strong methodological rigor, adequate reporting, 
and low concern for confounding.

•	 7 studies (37%) were rated as having a moderate risk 
of bias, primarily due to incomplete blinding, unclear allocation 
procedures, or limited comparative controls.

•	 3 studies (16%) were categorized as high risk of bias, 
often attributed to small sample sizes, lack of randomization, or 
ambiguous outcome reporting.

These findings are summarized in Table 2, and visually 
represented in Figure 2, which depicts the distribution of studies 
by overall risk category.

Pooled Effect Sizes 
(Meta-Analysis Overview)
A total of 17 studies were included in the meta-analysis to 

evaluate the overall impact of AI-based interventions on sports 
performance, injury prevention, and rehabilitation outcomes. 
Using a random-effects model, the pooled standardized mean 
difference (SMD) was calculated to be 0.68 with a 95% 
confidence interval (CI) of 0.52 to 0.84 (p < 0.001), indicating 
a statistically significant and moderate-to-large effect size.
This finding suggests that AI technologies—including machine 
learning, neural networks, computer vision, and smart sensor 
platforms—consistently contribute to improvements in athletic 
outcomes when compared to conventional approaches or pre-
intervention baselines. The magnitude of effect supports the 
growing integration of AI-driven methodologies in personalized 
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Table 1
Summary of Included Studies and 
Interventions

Author(s) Year Country Study Design Sample 
Size Sport Type AI Methodology Intervention 

Type Outcomes Measured

Chidambaram 
et al. 2022 India Cohort 120 Mixed Machine Learning Injury 

Prevention
Injury prediction, kinematic 

data

Huang & Liu 2021 China Experimental 80 Individual Computer Vision Rehabilitation Body posture accuracy, 
motor function

Nayak & Das 2020 India Quasi-
experimental 60 Individual Unsupervised 

Learning Rehabilitation Mobility improvement, QoL

Dhanke et al. 2022 India RCT 100 Mixed RNN, SVM Training 
Optimization

Training effect prediction, 
accuracy %

Baranyi et al. 2022 Hungary Case study 40 Team AI-enhanced 
robotics Rehabilitation Motion recovery, home-based 

outcomes

Huang & Wang 2022 China RCT 75 Individual Neural Network 
(adaptive control) Rehabilitation Recovery rate, control 

sensitivity

Su 2022 China Observational 88 Individual Nonlinear AI 
networks

Training 
Optimization

Strength & psychological 
stability

Song & Tuo 2022 South 
Korea Experimental 65 Team AI + Virtual Reality Rehabilitation Recovery score, physical 

restoration

Kakavas et al. 2020 Greece Cohort 90 Team Predictive Models Injury 
Prevention Injury risk assessment

Chen & Yuan 2021 China Comparative 82 Individual CNN Injury 
Prevention Injury prediction accuracy

Han 2021 China Pilot 45 Individual VR Training Models Rehabilitation Motor intention recognition, 
task time

Xu et al. 2022 China RCT 110 Mixed VR + CNN Rehabilitation Gait analysis, balance metrics

Wang & Huang 2022 China Observational 67 Team Optical Flow AI Injury 
Prevention

Health monitoring, recovery 
%

Chen 2021 China Experimental 50 Individual VR-based System Rehabilitation Upper limb recovery

Nagesha et al. 2023 India Simulation-
based 70 Mixed AI + Simulation Training 

Optimization
Training enhancement 

insights

Song & Tian 2022 China Experimental 95 Individual Smart Sensors + AI Training 
Optimization Motion accuracy metrics

Araújo et al. 2021 Portugal Narrative 
analysis 55 Team AI Analytics Performance 

Analysis
Tactical insights, team 

strategy

Tan & Ran 2022 China Applied Case 60 Team Image Recognition 
+ GPS

Training 
Optimization Real-time training guidance

Ju et al. 2023 China Review-based 
pilot 45 Individual AI + Robotics Rehabilitation Elderly rehab application

sports training, injury monitoring, and rehabilitative care. 
Figure 3 presents the forest plot displaying individual study 
effect sizes along with their corresponding confidence intervals. 
The rightward alignment of most data points and the pooled 
summary diamond underscore the overall positive effect of AI-
based interventions across varied study settings.

Subgroup Analyses
To explore potential variations in effectiveness across 

intervention types and study characteristics, subgroup analyses 
were performed based on AI methodology, application domain, 
and sport type. All analyses were conducted using a random-
effects model.

a. By AI Modality
AI-based interventions employing machine learning 

achieved the highest pooled effect size (SMD = 0.72, 95% CI: 
0.58–0.86), followed by neural networks (SMD = 0.70, 95% 
CI: 0.54–0.86) and computer vision (SMD = 0.65, 95% CI: 
0.49–0.81). This suggests that data-driven and adaptive learning 
models offer superior predictive and intervention capabilities in 
sports science contexts.

b. By Application Domain
The greatest impact was observed in the domain of injury 

prevention (SMD = 0.75, 95% CI: 0.61–0.89), likely due to 
AI’s strength in predictive analytics and biomechanical risk 
assessment. Rehabilitation interventions followed closely (SMD 

= 0.69, 95% CI: 0.53–0.85), benefiting from real-time feedback 
and personalized retraining systems. Training optimization 
showed a moderately positive effect (SMD = 0.62, 95% CI: 
0.46–0.78).

c. By Sport Type
AI interventions yielded a slightly greater benefit in 

individual sports (SMD = 0.71, 95% CI: 0.56–0.86) than in team 
sports (SMD = 0.66, 95% CI: 0.50–0.82). This may reflect the 
higher degree of customization and control possible in individual 
sport settings, allowing more effective use of AI-driven training 
and monitoring.

Heterogeneity Analysis
To assess the consistency and variability among the 

included studies, heterogeneity was quantified using both the I² 
statistic and Cochran’s Q test. The overall analysis revealed 
an I² value of 58%, indicating moderate heterogeneityacross 
studies. This suggests that approximately 58% of the variation 
in effect sizes can be attributed to real differences in study 
characteristics, such as population types, AI methodologies, 
intervention settings, and outcome measures, rather than to 
sampling error alone.

The Cochran’s Q test yielded a statistically significant 
result (p = 0.014), further supporting the presence of 
heterogeneity beyond what would be expected by chance.
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Despite this moderate heterogeneity, the pooled effect 
size remained robust and statistically significant. This justifies 
the choice of a random-effects model, which accounts for both 
within-study and between-study variability.

These findings are visually summarized in Figure 5, which 
presents the distribution of study effect sizes along with key 
heterogeneity statistics.

Publication Bias Assessment
To evaluate the presence of publication bias, both Egger’s 

regression test and visual inspection of a funnel plot were 
performed. The funnel plot, which plots standardized effect sizes 
against their standard errors, exhibited a generally symmetrical 
distribution of studies around the pooled mean effect size. This 
visual symmetry suggests a low likelihood of small-study effects 
or selective reporting.

Figure 2 – Risk of Bias Assessment for Included Studies.

Table 2 Risk of Bias Summary per Study 

Figure 2 is a domain-specific traffic light plot showing risk judgments 
across five core domains: Randomization, Allocation, Blinding, 
Incomplete Outcome Data, and Selective Reporting. 
Green = Low Risk; Yellow = Moderate Risk; Red = High Risk.

Table 2 presents the overall risk of bias judgment for each study, rated 
as Low, Moderate, or High based on the Cochrane Risk of Bias 2.0 
tool for randomized trials and the Newcastle-Ottawa Scale (NOS) for 
observational studies. 

Figure 3 – Forest Plot – Overall Effect of AI Interventions

Figure 3 illustrates standardized mean differences (SMD) with 95% 
confidence intervals for 17 included studies. Each square represents 
an individual study's effect size, with horizontal lines indicating the 
CI. The diamond at the bottom denotes the pooled summary estimate 
based on a random-effects model
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Figure 4 – Subgroup Analyses of AI-Based Interventions

Figure 4 shows standardized mean differences (SMD) with 95% 
confidence intervals across three subgroup dimensions: AI modality 
(machine learning, neural networks, computer vision), application domain 
(injury prevention, rehabilitation, training optimization), and sport type 
(individual vs team sports). All results were derived using a random-effects 
model.

Statistical confirmation was obtained via Egger’s test, 
which yielded a non-significant result (p = 0.23), further 
indicating no evidence of substantial publication bias among the 
included studies.

These findings are illustrated in Figure 6, where studies 
are distributed evenly along both sides of the vertical line 
representing the pooled standardized mean difference (SMD). 
The absence of clustering in the lower left corner, where 
smaller studies with negative or null results might appear if 
unpublished, supports the robustness of the meta-analytic  
results.

Figure 5 – Heterogeneity Summary for Included Studies

Figure 5 illustrates the variability in effect sizes across studies, 
with I² = 58% and Cochran’s Q = significant (p = 0.014). A random-
effects model was used to accommodate observed between-study 
heterogeneity.

Figure 6 displays the distribution of study effect sizes by their standard 
errors. Symmetry around the vertical line suggests no significant 
publication bias. Egger’s test: p = 0.23.

Figure 6 – Funnel Plot for Publication Bias Assessment

Sensitivity Analysis
To evaluate the robustness of the pooled effect size, a 

leave-one-out sensitivity analysis was performed. This method 
systematically excludes one study at a time and recalculates the 
overall effect estimate to determine if any single study unduly 
influences the meta-analysis results.Across all 17 included 
studies, the recalculated standardized mean differences (SMDs) 
ranged narrowly from 0.651 to 0.704, with all corresponding 95% 
confidence intervals overlapping the original pooled estimate 
(SMD = 0.68). In every iteration, the overall effect remained 
statistically significant (p < 0.001), demonstrating that no 
individual study had a disproportionate impact on the combined 
result.Notably, even when studies with high or moderate 
risk of bias (e.g., Baranyi et al., Chen, Araújo et al.) were 
excluded, the overall effect size remained stable. This confirms 
the internal consistency and reliability of the meta-analytic  
findings.

Table 3 Leave-One-Out Sensitivity Analysis

Study Excluded Recalculated 
SMD

95% CI 
Lower

95% CI 
Upper p-value

Chidambaram et al. 0.687 0.535 0.845 < 0.001
Huang & Liu 0.678 0.523 0.823 < 0.001
Nayak & Das 0.69 0.532 0.85 < 0.001
Dhanke et al. 0.703 0.532 0.844 < 0.001
Baranyi et al. 0.676 0.528 0.852 < 0.001
Huang & Wang 0.676 0.515 0.826 < 0.001
Su 0.704 0.54 0.871 < 0.001
Song & Tuo 0.692 0.55 0.844 < 0.001
Kakavas et al. 0.673 0.509 0.834 < 0.001
Chen & Yuan 0.688 0.541 0.85 < 0.001
Han 0.673 0.53 0.82 < 0.001
Xu et al. 0.673 0.495 0.852 < 0.001
Wang & Huang 0.684 0.505 0.855 < 0.001
Chen 0.651 0.479 0.829 < 0.001
Nagesha et al. 0.654 0.502 0.83 < 0.001
Song & Tian 0.672 0.528 0.836 < 0.001
Araújo et al. 0.665 0.498 0.842 < 0.001
Table 3  summarizing recalculated pooled effect sizes with 95% 
confidence intervals after sequential removal of each included study. All 
estimates remained statistically significant (p < 0.001)
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Narrative Synthesis
In addition to the 17 studies included in the quantitative 

meta-analysis, two studies—Tan & Ran and Ju et al.—were 
excluded due to insufficient standardized outcome metrics 
required for pooled effect size computation. However, both 
studies provided valuable qualitative insights into real-world 
applications of artificial intelligence (AI) in sports science and 
rehabilitation, thereby contributing meaningfully to the broader 
narrative synthesis of this review.

Tan & Ran (2022)
This applied case study focused on the integration of AI-

driven image recognition and GPS tracking systems in real-time 
training environments for team sports. Although the study did 
not report quantitative effect sizes or controlled outcomes, it 
detailed the deployment of wearable GPS units and computer 
vision algorithms to monitor player movement, detect fatigue 
thresholds, and assist in real-time positional adjustments during 
practice.

The study emphasized practical usability, noting that the 
AI system was easily adopted by coaching staff and athletes with 
minimal training. Importantly, it highlighted improvements in 
coach-player communication, decision-making speed, and team 
coordination, based on feedback interviews and observational 
analysis. The system’s intuitive dashboard and integration into 
existing training infrastructure were cited as key facilitators for 
seamless adoption in field-based sports.

Although the absence of a control group and outcome 
quantification limits its inclusion in the meta-analysis, Tan & 
Ranunderscores AI's potential to enhance strategic and tactical 
components of training in dynamic team sports settings.

Ju et al. (2023)
This review-based pilot study investigated the use of AI-

enhanced rehabilitation robotics for elderly patients, particularly 
those recovering from degenerative musculoskeletal conditions. 
The intervention involved an AI-powered exoskeleton system 
designed to facilitate gait retraining, balance improvement, and 
motor recovery in aging athletes or semi-active older adults.

Key qualitative findings included:
•	 High patient engagement and adherence to the 

rehabilitation program,
•	 Improved movement symmetry and confidence during 

assisted walking trials,
•	 Positive therapist feedback on real-time biofeedback 

and motion correction features.
The study also reported on feasibility in semi-urban clinical 

settings, suggesting that AI-robotic systems can be scaled 
beyond high-resource academic hospitals. However, limitations 
included a small sample size, lack of standardized scoring tools 
(e.g., SMD, HHS, or FIM), and absence of a comparator group.

Despite methodological constraints, Ju et al. contributes 
to the growing literature on the accessibility and acceptabilityof 
AI technologies in geriatric rehabilitation. The study supports 
the narrative that AI-powered assistive systems can provide 
cost-effective, scalable, and personalized care—particularly for 
vulnerable or aging populations.

Synthesis Insight
Together, these two studies illustrate the real-world 

feasibility, user satisfaction, and implementation readiness of 
AI tools in sports performance and recovery contexts. While 
they lacked quantitative outcomes necessary for meta-analysis 
inclusion, their narrative evidence reinforces the practical benefits 

and acceptability of AI platforms across both professional and 
community-based settings.

They also highlight emerging trends in AI application:
•	 Seamless integration with existing training workflows,
•	 High user adaptability even among non-technical 

personnel,
•	 Potential to bridge gaps in access for under-resourced 

and aging populations.
Their inclusion through narrative synthesis broadens the 

interpretative scope of this review and aligns with the goal of 
providing a comprehensive, translational perspective on AI use 
in modern sports science.

Discussion
Overview of Key Findings
The purpose of our systematic review  and meta-

analysis was to examine the efficacy of artificial intelligence 
(AI) interventions for improving all aspects of performance 
optimization, injury prevention and rehabilitation in the context 
of sports science. The summary SMD was 0.68 (95% CI 
0.52–0.84; p < 0.001), indicating statistically  significant and 
moderate large effect in favor of AI-based techniques compared 
to conventional technique. Subgroup analysis  also found that AI 
was highly beneficial in injury prevention (SMD = 0.75) and 
rehabilitation (SMD = 0.69), whereas machine learning model 
was the most effective AI model. Additionally, the present study 
demonstrated marginal superior results in individual sports 
(SMD = 0.71) than the team sports (SMD = 0.66),  whose 
argument may be attributed to higher specificity and adaptability 
in solitary training surroundings [17, 18].

Comparison  of Existing Literature
The results of this review corroborate and extend 

other literature on the AI-project's contribution to the 
rendering  common practice of sport and rehabilitation protocols. 
Previous narrative reviews have described the applicability 
of AI for injury risk prediction, motion analysis, and training 
optimisation, but few have consolidated ‘resultant quantitative 
outcomes’  from a wide range of study designs. This meta-analysis 
supports previous findings that AI supplementation improves 
performance  parameters, motor learning, and biomechanical 
feedback mechanisms. In the field of rehabilitation robotics 
and smart sensor integration, similar results about patient 
compliance and recovery have also been reported,  primarily 
in controlled clinical environments. Our findings expand upon 
this  evidentiary base by providing quantitative evidence that AI 
interventions are generally effective across several applications 
and athlete populations [19-24].

Methodological Strengths
Methodological soundness of this review adds to the 

credibility of  its findings. The application of PRISMA 
2020  guidelines guarantees that the study selection process 
was transparent and can be reproduced. The two-tiered use of 
RoB  2.0 for RCTs and Newcastle-Ottawa Scale (NOS) for 
observational studies enabled an in-depth judgement about 
risk of bias in a variety of study designs. Subgroup analyses 
(according to  AI modality, intervention domain and sport) 
added helpful detail and demystified possible heterogeneity. 
The leave-one-out sensitivity analysis suggested that no 
individual study had excessive influence on the overall effect 
estimate, thus confirming the stability of the  synthesis  
[25, 26].
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Sources of Heterogeneity
A moderate level of  heterogeneity was found among 

included studies (I² = 58%), as would be anticipated in the 
reviews of interdisciplinary domains such as sports technology, 
AI, and healthcare. Possible heterogeneity sources include 
AI model architecture differences, disparities  in outcome 
measurements (e.g., accuracy, force, spatio-temporal gait 
parameters), and diversity in population age and setting. Various 
quality assessment instruments, small sample sizes in some 
trials and range of duration of interventions could  have also led 
to inconsistency of the outcomes. However, the random-effects 
model was  suitable for use and adequately considered this 
between-study variation [27–30].

Publication Bias and Quality of The  included publications 
were reviewed for evidence of publication bias.

There were no substantial small-study effects in 
the  publication by the absence of a significant Egger’s test (p = 
0.23) and a symmetrical funnel plot. This result also suggests that 
the effect sizes observed  are not severely distorted by selective 
publication or reporting. In addition, the sensitivity analysis 
was performed to evaluate the stability of the meta-analysis, 
which showed that no matter which study was removed, the re-
estimated SMD of the  18 studies ranged from 0.651 to 0.704.

Real-World Implications
The promising results of this meta-analysis have practical 

implications for  the use of AI in sport science. In personalised 
training routines and injury avoidance algorithms to robot 
rehabilitation, AI technologies  present scalable solutions that 
can complement existing coaching, therapy, and monitoring 
methods. Along these lines, AI’s suitability is particularly 
relevant in settings that involve real-time  decision making, as 
data-driven decisions lay the foundation for tactical decisions 
and can help to reduce the risk of overtraining. In addition, 
the deployment of AI tools in resource constrained and remote 
populations, as has been shown in studies on elderly and semi-
urban populations can attest to their scalability and potential to 
make level playing field access to high quality sports  medicine 
and performance enhancement a reality [31].

Limitations
Although these findings are promising,  there are some 

limitations. First, sample sizes in some included studies were 
small,  and long-term follow-up data were unavailable in many 
cases. Second, outcome reporting heterogeneity spanned from 
kinematic accuracy and recovery scores to subjective ones 
such as psychological stability,  due to which more in-depth 
stratified analyses could not be performed. Third, blinding 
and allocation concealment were frequently poorly reported, 
particularly in non-randomised studies, leading to possible 
performance and  detection bias. Lastly, the interaction effect 
between  the AI modality and application domain could not be 
explored because of insufficient granularity in the available 
data, even when subgroup analyses were performed.

Future Research Directions
Future research, on the other hand should strive to run bigger, 

multicenter RCTs with standardized  and validated outcome 
measures. There is  also a critical need for longitudinal studies 
that can evaluate the long-term effects of AI interventions (e.g., 
reinjury rates, performance plateaus, behavioral adaptation). 
In addition the infusion of explainable AI (XAI)  principles 
and ethical application of AIs in competitive sports settings 
should be investigated further. Standardization of AI evaluation 
metrics, usability, and interoperability with human  coaching 
methods, for instance, would help guide research and practice in 
this burgeoning field.

Conclusion 
This systematic review and meta-analysis demonstrate that 

artificial intelligence (AI) interventions significantly enhance 
sports performance, injury prevention, and rehabilitation 
outcomes. With a moderate-to-large pooled effect size and 
consistent findings across diverse AI modalities and application 
domains, the evidence supports the integration of AI as a 
transformative tool in modern sports science. Despite some 
heterogeneity and methodological limitations, the robustness of 
the results and absence of publication bias affirm the reliability 
of these conclusions. As the field advances, future research 
should focus on standardization, long-term effectiveness, and 
ethical deployment of AI technologies to ensure equitable and 
effective implementation in both elite and community-level 
athletic settings.
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Abstract
Introduction: Congenital heart defects (CHD) are among the most 

common types of birth defects globally, affecting a significant number of 
children each year. In Kazakhstan, including the Turkestan region, there is 
growing concern over the increasing prevalence of CHD and the challenges 
associated with early detection and treatment. The COVID-19 pandemic has 
further complicated these issues by disrupting healthcare services, leading to 
delayed diagnoses and reduced access to specialized care. This study provides 
a comprehensive analysis of the prevalence and outcomes of CHD in the 
Turkestan region, focusing on recent trends and the impact of the pandemic.

This study aimed to analyze the incidence, prevalence, and outcomes of 
congenital heart defects among children in the Turkestan region of Kazakhstan 
between 2019 and 2023.

Methods: All patients diagnosed with congenital heart defects registered 
in the hospital during the specified period were included in this information-
analytical study using ICD-10 codes Q20-Q28. Age trends, prevalence rates per 
100,000 population, absolute mortality counts, and outcomes of hospital stay 
were calculated.

Results: The sample consisted of 5214 patients with congenital heart 
defects, of whom 890 were children under 1 year of age. During the study 
period, 2,374 surgical interventions were performed, and 173 in-hospital deaths 
were recorded.

Conclusions: The study showed that congenital heart disease in children 
in Turkestan region is characterised by a high incidence at the age of 1 to 3 
years, a higher incidence in girls and an increase in cases during the COVID-19 
pandemic. Most patients showed positive outcomes after hospitalisation 
and treatment, but mortality remained significant in cases of complex 
malformations. 
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Introduction
Congenital heart defects (CHD) are structural 

abnormalities of the heart and major blood vessels that 
arise during embryonic or fetal development. These 
defects range from minor to life-threatening conditions. 
Depending on anatomical and hemodynamic 
characteristics, CHD are clinically classified into 

different subtypes, each with a distinct spectrum of 
severity and symptoms.

The prevalence, mortality and morbidity 
associated with CHD remain significant, especially 
in developing countries.  In the 2019 GBD study [1], 
a total of 3.12 million (95% CI: 2.40-4.11 million) 
children were born with congenital heart anomalies, 
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representing a prevalence of 2,305.2 per 100,000 live births 
(95% CI: 1,772.9-3,039.2 per 100,000 live births). Important 
data were also collected on rates associated with congenital 
cardiovascular anomalies (CHA) expressed in terms of disability-
adjusted life years (DALYs), years lost to premature death 
(YLLs), and years lived with disability (YLDs). The overall 
DALYs for cardiovascular disease was 241.6 per 100,000 (95% 
UI: 196.1-292.7), indicating a significant disease burden. YLLs 
were 234.0 per 100,000 (95% UI: 189.8-285.7), indicating a 
high loss of life years due to premature death. In contrast, YLDs 
were 7.6 per 100,000 (95% UI: 3.7-12.7), showing that although 
cardiovascular disease causes significant loss of life years, 
the number of years spent with disability is relatively low.  In 
addition, CHA was the leading cause of 217,000 deaths (95% 
UI: 177,000 to 262,000 deaths), of which 150,000 deaths (95% 
UI: 120,000 to 184,000 deaths) occurred in infants under 1 year 
of age.

The challenges of pediatric and adult CHD care vary from 
country to country. In Asian countries, there is a different picture 
of CHD care. In some developed countries, such as Japan and 
South Korea, the number of adult CHD patients exceeds the 
number of children with CHD. However, in low- and middle-
income countries, diagnosis and treatment in early childhood 
may be inadequate, resulting in a higher number of school-aged 
children with untreated CHD. For example, in South Korea, 
the proportion of patients with Adult congenital heart disease 
(ACHD) among outpatients increased from 11% in 2005 to 32% 
in 2017 [2]. 

The care of children with CHD is resource-intensive and 
expensive. CHD hospitalizations alone cost about $5.6 billion 
per year, which is 15% of the cost of all pediatric inpatient 
care. This is especially important when considering that 
CHD hospitalizations account for only 3.7% of all pediatric 
hospitalizations [3, 4]. In addition, more than 40,000 surgical and 
catheter interventions are performed annually in 120 pediatric 
cardiology programs [5].

In Kazakhstan, epidemiological data on hospital admissions 
with congenital heart disease (CHD), especially in paediatric 
cohorts, are under-researched compared with data from high-
income and developing countries. The first national study using 
a single electronic health system showed that 68,371 patients 
with CHD were registered between 2019 and 2021, of whom 
59.6% were diagnosed in the first year of life. The mortality 
rate for multiple CHD was 11.5% and 7.2% for a single type, 
highlighting the need for further study [6].

The relevance of studying the problem of CHD is associated 
not only with the high incidence of disability and mortality, 
especially among children, but also with the need to improve 
medical care. CHDs require significant health care resources for 
diagnosis, treatment and surgical interventions, which remain 
complex and expensive. In addition, the timely detection and 
treatment of CHD contributes to reducing the economic burden 
on the family and society associated with prolonged treatment 
and rehabilitation.

This study aimed to analyze the incidence, prevalence, 
and outcomes of congenital heart defects among children in the 
Turkestan region of Kazakhstan between 2019 and 2023.

Methods
Sampling
This study is informational and analytical in nature. To 

assess the epidemiological characteristics of congenital heart 

defects (CHD) in the Turkestan region of the Republic of 
Kazakhstan, statistical data of hospitalized patients from the 
Regional Clinical Children's Hospital were analyzed for the 
period from January 1, 2019, to December 31, 2023. Patients 
with CHD sought medical care and were referred to this hospital 
from 14 districts and 4 regionally subordinated cities for 
treatment [7]. The statistical data of patients, containing socio-
demographic and clinical information, were aggregated using 
the International Classification of Diseases, 10th Revision (ICD-
10). CHD cases were identified using ICD-10 codes Q20-Q28. 
The diagnosis was either previously established or made for the 
first time during hospitalization.

Exposure and Covariates
Patient records extracted from statistical data contained the 

following information: date of birth, gender, place of residence 
and healthcare attachment, type of hospitalization (emergency/
planned), ICD-10 codes for the primary diagnosis, admission 
and discharge dates, length of hospital stay (in days), type of 
surgical intervention, and an anonymous population registration 
number (RPN).

Inclusion criteria: All patients diagnosed with CHD 
according to ICD-10, residing in and attached to primary 
healthcare facilities (PHC) in the Turkestan region. Exclusion 
criteria: Patients who were not residents of the Turkestan region or 
were attached to PHC facilities in other regions of Kazakhstan, as 
well as duplicate cases and repeated hospitalizations of the same 
patients within a single year. Age at the time of hospitalization 
was categorized as follows: under 1 year, 1–3 years, 4–7 years, 
8–12 years, 13–15 years, and 16–18 years. Residential location 
was classified as either "urban" or "rural" based on the patient's 
PHC attachment and place of residence, distinguishing between 
those living in cities and those in areas outside large and small 
cities.

Statistical Analysis
All statistical analyses were performed using IBM SPSS, 

version 27.0. Qualitative variables were expressed as simple 
frequencies (absolute numbers) and relative frequencies 
(percentages). Quantitative variables were presented as means, 
medians, and standard deviations, with the range (extreme 
values) specified.

Incidence and prevalence rates were calculated by dividing 
absolute case numbers by the population of the Turkestan region 
for the corresponding year and multiplying by 100,000. All-cause 
mortality was presented as absolute numbers, as mortality rates 
per 100,000 were not computed. Population data were obtained 
from the Taldau Statistics information-analytical system [8].

Ethical Considerations
This study was conducted as part of a doctoral dissertation 

and adhered to both international and local ethical guidelines 
and regulations. It received approval from the local bioethics 
committee of the South Kazakhstan Medical Academy (Protocol 
№3), Shymkent, Kazakhstan. All data were anonymized prior to 
analysis, in accordance with the principles of the Declaration of 
Helsinki.

Results
General Characteristics of the Sample. The final study 

sample included 5,214 hospitalizations of patients diagnosed 
with congenital heart defects (CHD), of which 2,884 cases were 
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female and 2,330 were male. The average age of patients at the 
time of hospitalization was 3,26 (0,03-11,23) months. Among 
the hospitalized patients, 890 cases were recorded in children 
under 1 year of age, accounting for 17.1% of the total.

Among all hospitalizations, 79.9% were planned 
admissions, while emergency hospitalizations accounted for 
20.1%. Notably, planned hospitalizations exceeded emergency 
cases in all study years (Figure 1). Most patients were from 
rural areas, totaling 2,877 individuals. They were predominantly 
admitted for planned hospitalizations (78.1%), with emergency 
hospitalizations making up 21.9%. In contrast, the urban patient 
population consisted of 2,337 individuals.

The number of fatal outcomes among hospitalized cases 
was 173. The majority of patients exhibited favorable outcomes, 
with clinical improvement or complete recovery observed in 
most cases. Mortality rates remained low throughout the study 
period (Figure 2).

Peripheral arteriovenous malformation (Q27.3) was the 
most common condition, accounting for 1,563 (29.9%) cases 
among CHD patients (Table 1). During the study period, a total 

of 2,374 surgical interventions were performed for the treatment, 
correction, and diagnosis of congenital heart defects.

Trends in morbidity and mortality
As illustrated in Figure 3, the distribution of congenital 

heart defect (CHD) cases by age group from 2019 to 2023 reveals 
a consistent pattern, with the highest incidence recorded among 
children aged 1 to 3 years. In 2019, this group accounted for 212 
cases, which increased slightly to 227 in 2020 and peaked at 
245 in 2021. Although there was a minor decline in subsequent 
years—230 cases in 2022 and 218 in 2023—this age group 
remained the most affected throughout the study period. Infants 
under the age of one year also demonstrated a high burden of 
CHD, with case numbers ranging from 150 to 180 annually. In 
contrast, children aged 4 to 6 years and 7 to 14 years showed 
progressively lower incidence rates, while adolescents aged 15 
to 17 years and adults (18 years and older) accounted for the 
fewest cases across all years.

Table 1 Most common congenital heart defects 
and data on surgical interventions and fatal 
outcomes (2019–2023).

Diagnoses with 
the correspon-
ding ICD-10 
codes

Number of patients 
with the given 
diagnosis as a 

single malforma-
tion, N (%)

Number of 
patients who 

underwent 
sur gery for this 
diagnosis, N (%)

Number of 
patients 

who died 
from this 

diagnosis, N 
(%)

Q 27.3 Peripheral 
arteriovenous 
malformation

1563 (29, 9%) 1294 (54, 5%) 2 (1, 2%)

Q 21.0 Ventricular 
septal defect 1155 (22,1%) 283 (11,9%) 15 (8,7%)

Q 21.1 Atrial 
septal defect 522 (10%) 240 (10,1%) 3 (1,7%)

Q 21.3 Tetralogy 
of Fallot 287 (5,5 %) 73 (3%) 16 (92%)

Q 25.0 Patent 
ductus arteriosus 271 (5,1%) 182 (7,7%) 3  (1,7%)

Figure 1 – Ratio of planned and emergency hospitalizations of 
CHD patients (2019–2023)

Figure 2 – Hospitalization outcomes of patients with CHD (2019–
2023)

Figure 3 – Age-related trends in the incidence of congenital 
heart defects, presented in absolute numbers

Figure 4 – Absolute number of hospitalized patients diagnosed 
with CHD, stratifi ed by sex and year of admission (2019–2023)

Figure 5 – Hospitalization rate of patients diagnosed with CHD 
per 100,000 population, stratifi ed by sex and year of admission 
(2019–2023)
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Figure 5 demonstrates that throughout the study period, 
the incidence of congenital heart defects was higher among 
female patients. The incidence showed a steady increase from 
the beginning of the study until 2022, rising from 13.46 to 30.03 
cases per 100,000 population among men and from 17.4 to 37.6 
cases among women. In 2023, a decline in incidence was noted, 
reaching 23.5 cases per 100,000 population among men and 28.8 
cases among women.

Mortality among hospitalized patients diagnosed with 
CHD was higher in men (Figure 6). In 2020, it peaked at 23 
cases, while in women, the mortality rate gradually increased 
from 9 cases in 2019 to 19 cases in 2023.

Among the analyzed cases, four types of CHDs stand 
out due to their rarity, each occurring only once over the fi ve-
year period: Congenital septal defect between the aorta and 
pulmonary artery (Q21.4), Unspecifi ed congenital anomaly 
of the peripheral vascular system (Q27.9), Arteriovenous 
developmental anomaly of precerebral vessels (Q28.0), and 
Unspecifi ed congenital anomaly of the aortic and mitral valves 
(Q23.9). Their rare occurrence highlights the need for careful 
monitoring and timely diagnosis of such anomalies (Table 1).

Discussion 
During the study period, children under one year of 

age accounted for 17.1% of the total number of hospitalized 
patients with congenital heart defects (CHD), while 82.9% of 
hospitalized children were older than one year. According to 
large-scale national studies, 40.4% of CHD diagnoses are made 
after the fi rst year of life [6].

The high proportion of hospitalized patients over one 
year old with CHD may be explained by the potentially high 
prevalence of undiagnosed cases during the perinatal period. 
However, other researchers argue that prenatal diagnostics is an 
effective method for detecting complex and combined CHDs 
in the fetus, as well as for determining management strategies 
for newborns from high-risk groups [9–10]. Many patients with 
congenital heart defects who require surgery within the fi rst six 
months of life remain undiagnosed before birth [11].  

To address this challenge and improve early detection, 
screening methods including pulse oximetry are used. 
Furthermore, the European Society of Cardiology (ESC) has 
developed recommendations for the use of NT-proBNP and 
BNP as reliable biomarkers for the diagnosis and prognosis 
of heart failure in newborns. NT-proBNP is characterized by 
greater stability and a longer half-life, is synthesized in response 

to increased pressure in the heart chambers, correlates with the 
severity of left ventricular dysfunction, and helps differentiate 
cardiac from respiratory causes of dyspnea [12–13] . 

Supporting these recommendations, a study by Azizova 
[14] demonstrated that NT-proBNP levels in critically ill infants 
with CHD were on average 10 times higher than those in healthy 
newborns (Pf < 0.001).

Therefore, effective prenatal CHD screening should be 
a public health priority, as early detection of these defects in 
childhood helps prevent initial diagnosis in adulthood and the 
associated complications [15].

According to our study results, adolescents aged 16–18 
years show the lowest incidence rates, ranging from 21 to 68 
cases, indicating a consistently low morbidity level in this 
category throughout the study period. This may be related to the 
transition of patients in this age group from pediatric to adult 
healthcare services [16–20]. 

The sharp increase in CHD-related hospitalizations 
observed in 2021–2022 may be attributed to the effects of the 
COVID-19 pandemic, including its impact on the cardiovascular 
system, the presence of comorbid conditions, and increased 
detection rates. Global studies have confi rmed that COVID-19 
can cause various types of cardiovascular damage in previously 
healthy infected individuals. Moreover, it has been established 
that the generally milder course of COVID-19 in children does 
not apply to cases involving congenital heart defects (CHD) 
[21–23]. 

In our study, the most common types of CHD among 
hospitalized patients were PAM, VSD, ASD, TOF, and PDA. 
Our fi ndings align with the results of Marmech’s study [24], 
in which 68% of 7,926 hospitalized patients had left-to-right 
shunt pathology. The most frequent conditions were ventricular 
septal defect (VSD) and atrial septal defect (ASD). Ductal-
related conditions, including Tetralogy of Fallot (TOF), aortic 
coarctation, and pulmonary atresia with VSD, were observed in 
16% of cases.

The majority of patients admitted for planned 
hospitalization were residents of rural areas. This may be due to 
the fact that all major cardiology and cardiac surgery hospitals 
specializing in CHD treatment are located in cities of national 
signifi cance. As a result, patients from rural areas are referred to 
these facilities for more in-depth diagnostics, surgical treatment, 
and rehabilitation care.

This study has several limitations. Firstly, it is based 
on a relatively small sample size and incomplete data, which 
may have been affected by human factors during collection 
and processing. Secondly, there was no access to information 
regarding patients’ socioeconomic status, education level, or 
quality of healthcare services, which are important factors in 
understanding CHD-related outcomes.

In the present study, mortality among hospitalized patients 
with congenital heart defects (CHDs) per 100,000 population in 
the Turkestan region for the period 2019–2023 was not calculated 
due to the lack of complete and reliable data on the number of 
deaths, as well as the inability to identify deaths specifi cally 
caused by CHDs.

Additionally, our prevalence estimates are limited to 
children aged 0–18 years and may differ from studies focusing 
only on infants under one year of age. Data from previous years 
were not included due to unavailability, which may have led to 
an underestimation of the true prevalence.

Figure 6 – Mortality rate of hospitalized patients diagnosed 
with CHD, stratifi ed by sex and year of admission (2019–2023), 
presented in absolute numbers
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Conclusions
This study revealed that CHD in children in the Turkestan 

region are characterized by a high incidence in the 1–3-year-old 
age group, a higher frequency among girls, and an increase in 
cases during the COVID-19 pandemic. The most common types 
of CHD were arteriovenous malformations, ventricular and atrial 
septal defects, Tetralogy of Fallot, and patent ductus arteriosus.

The majority of patients demonstrated positive outcomes 
following hospitalization and treatment; however, mortality 
remained significant in cases of complex defects. Limited 
effectiveness of prenatal diagnosis and restricted access to 
specialized care in rural areas remain key challenges.

Strengthening early screening programs and ensuring 
equitable access to pediatric cardiac services, especially in rural 
settings, are essential steps in reducing the burden of CHDs. 
Further multicenter and longitudinal studies are required to 
validate these findings and guide public health policies.
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Abstract
Introduction: Contrast-induced acute kidney injury (CI-AKI) is a significant 

complication following percutaneous coronary intervention (PCI) in patients 
with ST-elevation myocardial infarction (STEMI). This study aims to develop a 
predictive model for CI-AKI using clinical, laboratory, and procedural data.

Methods: A retrospective cohort study analyzed 78 STEMI patients 
undergoing PCI between November 2024 and April 2025. Data included 
demographics, clinical parameters, pre- and post-intervention laboratory 
markers (creatinine, GFR), hydration protocols, nephrotoxic medication use, 
and contrast type. CI-AKI was defined as a ≥25% increase in serum creatinine 
within 48 hours post-PCI. Logistic regression and R software (version 4.3.1) were 
used for statistical analysis and modeling, with performance assessed via AUC-
ROC.

Results: CI-AKI occurred in 19.2% of patients (15/78). Key predictors were 
age (OR 1.07, p=0.02), baseline creatinine (OR 1.85, p=0.01), and contrast dose 
(OR 1.01, p=0.03). The model achieved an AUC-ROC of 0.83 (95% CI: 0.72-0.94). CI-
AKI patients had higher baseline creatinine (105.3 vs. 86.2 µmol/L, p=0.01) and 
older age (69.1 vs. 62.7 years, p=0.03). 

Conclusion: The model effectively predicts CI-AKI risk in STEMI patients 
post-PCI, with age, creatinine, and contrast dose as critical factors. Prospective 
multicenter validation is needed.

Keywords: Contrast-induced kidney injury, STEMI, percutaneous coronary 
intervention, predictive modeling, creatinine, GFR.
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Introduction
Contrast-induced acute kidney injury (CI-AKI) 

is a well-documented complication of percuta- neous 
coronary intervention (PCI), particularly in patients 
presenting with ST-elevation my- ocardial infarction 
(STEMI). The use of iodinated contrast media, 
essential for visualizing coronary anatomy during PCI, 
can lead to nephrotoxicity, resulting in acute renal 
dysfunction [1, 2]. This risk is amplified in STEMI 
patients due to their acute hemodynamic instability, 
systemic inflammation, and frequent comorbidities 
such as diabetes and hypertension [3, 4]. Reported 
incidences of CI-AKI vary widely, ranging from 5% to 
25%, depending on patient risk profiles and procedural 
factors [5, 6]. The consequences of CI-AKI are 

severe, including prolonged hospital stays, increased 
healthcare costs, and elevated mortality rates, making 
its prevention a critical focus in cardiovascular care 
[7, 8]. Recent multicenter prospective studies, such as 
those by G. Marenzi et al. [4] and S. D. Weisbord et 
al. [6], have reported CI-AKI incidences of 15-20% in 
STEMI cohorts, emphasizing the need for standardized 
risk assessment tools across diverse populations. 
These studies highlight the potential for real-time risk 
stratification to guide preventive measures in high-
volume centers.

The pathophysiology of CI-AKI involves a 
complex interplay of direct tubular toxicity, ox- idative 
stress, and renal hypoperfusion, exacerbated by the 
acute ischemic state of STEMI [9, 10]. Contrast media 
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induce vasoconstriction in the renal medulla, reducing oxygen 
delivery and triggering cellular injury, while oxidative stress 
further damages tubular cells [11, 12]. In STEMI, these effects 
are compounded by reduced cardiac output and inflammatory 
cytokine release, which impair renal autoregulation [13]. 
Established risk factors for CI-AKI include ad- vanced age, pre-
existing renal impairment, diabetes, and high contrast volume, 
as identified in prior studies of both elective and emergent PCI 
cohorts [14, 15]. However, the unique urgency and physiological 
stress of STEMI necessitate a tailored approach to risk 
assessment, as models derived from elective procedures may not 
fully capture the dynamics of this population [16, 17]. 

Existing predictive tools, such as the Mehran Risk Score 
[18], have been widely validated in general PCI populations 
but are less specific to STEMI patients undergoing urgent 
intervention. These models often rely on static pre-procedural 
variables, overlooking dynamic changes in renal function 
markers post-PCI, which are particularly relevant in acute 
settings [19]. Moreover, the STEMI population frequently 
presents with confounding factors—such as acute heart failure 
or cardiogenic shock—that may amplify CI-AKI risk but are 
inconsistently addressed in current frameworks [20]. This gap 
highlights the need for a data-driven, STEMI-specific predictive 
model that integrates clinical, laboratory, and procedural 
variables to enhance risk stratification and guide preventive 
strategies.

The primary objective of this study is to develop and 
evaluate a predictive model for CI-AKI in STEMI patients 
following PCI, using a comprehensive dataset collected from 
a tertiary care center. We hypothesize that a combination of 
demographic factors (e.g., age), baseline renal function (e.g., 
creatinine, GFR), procedural details (e.g., contrast dose) will 
yield a robust tool for identifying at-risk patients. By analyzing 
both pre- and post-intervention data, we aim to capture the 
dynamic renal response to contrast exposure in the context 
of STEMI, building on prior research that emphasizes the 
importance of such temporal changes [21, 22].

Methods
Study Design and Setting
This retrospective cohort study was conducted using data 

from 78 STEMI patients who under- went PCI at Multidisciplinary 
Hospital between November 2024 and April 2025. The study 
period reflects the availability of complete electronic medical 
records as of April 30, 2025, ensuring a contemporary dataset 
aligned with current PCI practices.

Participants
Patients were eligible if they were aged ≥18 years, 

diagnosed with STEMI (defined by ECG criteria: ST-elevation 
≥1 mm in ≥2 contiguous leads), and underwent PCI within 24 
hours of symptom onset. Exclusion criteria included pre-existing 
end-stage renal disease (GFR <15 mL/min/1.73 m²), dialysis 
dependence, or incomplete pre- and post-PCI laboratory data. 
The cohort represented consecutive STEMI cases meeting these 
criteria, drawn from a single-center registry.

Data Collection
Data were extracted from electronic medical records, 

encompassing demographics (age, gender), anthropometrics 
(height, weight, BMI), comorbidities (diabetes, hypertension), 

procedural vari- ables (contrast dose, number of affected vessels, 
stent location), and laboratory parameters. Key laboratory 
markers included serum creatinine, glomerular filtration rate 
(GFR, calculated via the CKD-EPI formula), hemoglobin, 
troponin, electrolytes, measured pre-PCI and within 48 hours 
post-PCI. CI-AKI was defined as a ≥25% increase in serum 
crea- tinine within 48 hours post-PCI, consistent with Kidney 
Disease: Improving Global Outcomes (KDIGO) guidelines [23].

Hydration Protocols and Medication Use
Patients received hydration per institutional protocols, 

with 80% (62/78) administered intra- venous 0.9% saline (1 mL/
kg/h for 12 hours pre- and post-PCI) and 20% (16/78) receiving 
sodium bicarbonate (150 mEq/L at 1 mL/kg/h). Nephrotoxic 
medications, including NSAIDs and ACE inhibitors, were 
withheld 24 hours pre-PCI in 90% (70/78) of patients. Contrast 
type was recorded as iso-osmolar (iodixanol, 60%, 47/78) or 
low-osmolar (iohexol, 40%, 31/78).

Interventions and Outcomes
All patients underwent standard PCI with stent placement 

(e.g., right coronary artery [RCA], left anterior descending 
[LAD], or circumflex [CX] stents) using iodinated contrast 
media (mean dose: 180 mL, range: 50-400 mL). The primary 
outcome was the incidence of CI-AKI. Secondary outcomes 
included changes in GFR, hospital length of stay, and correlations 
between contrast dose and renal function markers.

Statistical Analysis
Descriptive statistics summarized patient characteristics: 

means ± standard deviations (SD) for continuous variables and 
frequencies (percentages) for categorical variables. Univariate 
analysis employed unpaired t-tests for continuous variables and 
chi-square tests for categorical variables to identify potential CI-
AKI predictors (p<0.10 threshold for inclusion in multivariate 
analysis). Multivariate logistic regression assessed independent 
predictors, using a stepwise approach to select variables. The 
predictive model was validated via 10-fold cross-validation to 
ensure robustness. Model performance was evaluated using the 
area under the receiver operating characteristic curve (AUC-
ROC), sensitivity, specificity, and the Hosmer-Lemeshow test for 
calibration. Pearson correlation analysis explored relationships 
between continuous variables (e.g., contrast dose and creatinine 
change). All analyses were performed in R (version 4.3.1) 
using packages “pROC” for ROC curves and “caret” for cross-
validation. Statistical significance was set at p<0.05.

Results
Patient Demographics and Clinical Characteristics
The cohort included 78 STEMI patients, with a mean 

age of 63.9 ± 11.0 years and a male pre- dominance (53/78, 
67.9%). Mean BMI was 29.1 ± 5.3 kg/m², reflecting a generally 
overweight population. Comorbidities were prevalent, with 
hypertension in 57 (73.1%) and diabetes in 14 (17.9%) patients. 
Baseline renal function showed a mean creatinine of 89.8 ± 24.2 
µmol/L and GFR of 73.5 ± 21.0 mL/min/1.73 m². Procedural data 
indicated a mean contrast dose of 180 ± 85 mL, with infarction 
localizations as follows: anterior (28/78, 35.9%), inferior (36/78, 
46.2%), high-lateral (2/78, 2.6%), inferolateral (4/78, 5.1%), and 
unspecified (8/78, 10.3%). Table 1 stratifies these characteristics 
by CI-AKI status.
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Incidence and Risk Factors of CI-AKI
CI-AKI occurred in 15 patients (19.2%, 95% CI: 11.2-

30.4%). Post-PCI creatinine rose significantly in the CI-AKI 
group (134.8 ± 36.5 µmol/L) compared to the non-CI-AKI group 

Table 1 Baseline Characteristics Stratified by CI-AKI 
Status

Variable Total 
(n=78)

CI-AKI 
(n=15)

No CI-AKI 
(n=63) p-value

Age (years) 63.9 ± 11.0 69.1 ± 9.5 62.7 ± 11.2 0.03
Gender (male, %) 53 (67.9%) 10 (66.7%) 43 (68.3%) 0.90
BMI (kg/m²) 29.1 ± 5.3 30.3 ± 4.8 28.8 ± 5.4 0.34
Diabetes (n, %) 14 (17.9%) 3 (20.0%) 11 (17.5%) 0.80
Hypertension (n, %) 57 (73.1%) 12 (80.0%) 45 (71.4%) 0.49
Baseline Creatinine 
(µmol/L) 89.8 ± 24.2 105.3 ± 28.1 86.2 ± 21.5 0.01

Baseline GFR (mL/
min/1.73 m²) 73.5 ± 21.0 61.8 ± 21.7 76.5 ± 19.8 0.02

Contrast Dose (mL) 180 ± 85 216 ± 97 171 ± 80 0.08

(89.7 ± 22.0 µmol/L, p=0.01). Univariate analysis identified 
age (p=0.03), baseline creatinine (p=0.01), GFR (p=0.02), and 
contrast dose (p=0.08) as predictors. Multivariate logistic re- 
gression confirmed age (OR 1.07, 95% CI: 1.01-1.13, p=0.02), 
baseline creatinine (OR 1.85, 95% CI: 1.17-2.92, p=0.01), 
and contrast dose (OR 1.01, 95% CI: 1.00-1.02, p=0.03) as 
independent predictors (Table 2). The Hosmer-Lemeshow test 
(p=0.65) indicated good model fit.

Predictive Model Performance
A logistic regression model incorporating age, baseline 

creatinine, and contrast dose achieved an AUC-ROC of 0.83 
(95% CI: 0.72-0.94), with a sensitivity of 76.7% and specificity 
of 82.5% at a probability threshold of 0.25. Cross-validation (10-
fold) yielded a mean AUC of 0.80 ± 0.05, confirming stability. 
Figure 1 illustrates the ROC curve.

Detailed Renal Function Trends
The CI-AKI group exhibited a mean creatinine increase 

of 29.5 ± 12.8 µmol/L, significantly higher than the 3.5 ± 6.9 
µmol/L in the non-CI-AKI group (p<0.001).  GFR declined by -

18.5 ± 10.1 mL/min/1.73 m² in the CI-AKI group versus 
-2.3 ± 5.6 mL/min/1.73 m² in the non-CI-AKI group (p<0.01). 
Figure 2 compares pre- and post-PCI creatinine levels.

Hydration and Contrast Type
Hydration status did not significantly differ between CI-

AKI and non-CI-AKI groups (saline: 80% vs. 81%, p=0.92; 
bicarbonate: 20% vs. 19%, p=0.89). Use of iso-osmolar contrast 
was associated with a lower CI-AKI incidence (16.0% vs. 
22.6%, p=0.41), though not statistically significant. Nephrotoxic 
medication avoidance was consistent across groups (p=0.85).

Subgroup and Correlation Analyses
Gender stratification showed no difference in CI-AKI 

incidence (males: 18.9%, females: 20.0%, p=0.90), but patients 
aged ≥65 years had a higher rate (26.2% vs. 10.5%, p=0.09; 
Figure 3). Pearson correlation revealed a moderate positive 
association between contrast dose and creatinine increase 
(r=0.35, p=0.002) and a negative correlation between baseline 
GFR and creatinine increase (r=-0.42, p=0.0008; Figure 4).

Table 2 Multivariate Logistic Regression Analysis for 
CI-AKI Predictor

Variable Odds Ratio 
(OR) 95% CI p-value

Age (per year) 1.07   1.01-1.13 0.02
Baseline Creatinine (per 
10 µmol/L) 1.85 1.17-2.92 0.01

Contrast Dose (per mL) 1.01 1.00-1.02 0.03

Figure 1 –  ROC Curve for CI-AKI Predictive Model

Figure 2 –  Pre- and Post-PCI Creatinine Levels by CI-AKI Status

Figure 3 –  CI-AKI Incidence by Age Group
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Secondary Outcomes
Hospital stay was longer in the CI-AKI group (7.3 ± 2.9 

vs. 5.0 ± 2.0 days, p=0.02). Troponin levels were higher in CI-
AKI patients (8.5 ± 12.7 vs. 5.2 ± 9.3 ng/mL, p=0.27), but not 
significantly.

Discussion
This study confirms a 19.2% incidence of CI-AKI in 

STEMI patients post-PCI, aligning with prior estimates of 
5-25% across PCI cohorts [5, 6]. The predictive model, with 
an AUC-ROC of 0.83, identifies age, baseline creatinine, and 
contrast dose as key risk factors, consistent with established 
literature [14, 18]. These findings underscore the vulnerability 
of STEMI patients to contrast-induced nephrotoxicity, driven by 
acute physiological stress and procedural factors unique to this 
population [13].

The significant role of baseline creatinine (OR 1.85) 
highlights pre-procedural renal function as a critical determinant 
of CI-AKI risk, corroborating studies by P.A. McCullough et 
al.  [25] and G. Marenzi et al. [4]. Each 10 µmol/L increase in 
creatinine amplifies the odds of CI-AKI, reflecting underlying 
renal reserve limitations [26]. Age (OR 1.07) as a predictor 
aligns with aging-related declines in glomerular filtration and 
tubular repair capacity, as noted by A. Denic et al.  [27]. Contrast 
dose (OR 1.01), though modestly significant, supports a dose-
dependent nephrotoxic effect, consistent with experimental 
models of contrast media toxicity [28, 29].

Multicenter data suggest hydration with sodium 
bicarbonate may reduce CI-AKI risk compared to saline alone 
[24], though our study found no significant difference, possibly 
due to the small sample size. The trend toward lower CI-AKI 
with iso-osmolar contrast aligns with M.C. Heinrich et al. [12], 
supporting its preferential use in high-risk patients.

Compared to the Mehran Risk Score [18], our model 
simplifies the variable set while achiev- ing comparable 
predictive power, making it practical for urgent STEMI settings 
where rapid decision-making is paramount [19]. The AUC-ROC 
of 0.83 exceeds that of some earlier STEMI- specific models 
(e.g., T.T. Tsai et al. [7], AUC=0.76), suggesting improved 

discrimination. However, the modest sample size (n=78) limits 
generalizability, and unmeasured confounders—such as peri-
procedural medications—may influence outcomes [30]. The 
lack of significance for diabetes and hypertension, despite their 
prevalence, may reflect the small cohort or the overriding impact 
of acute STEMI physiology [13].

The pronounced GFR decline in CI-AKI patients (-18.5 
mL/min/1.73 m²) underscores the clinical severity of this 
complication, consistent with M.T. James et al. [10]. The 
correlation between contrast dose and creatinine increase 
(r=0.35) reinforces the need for dose minimization strate- 
gies, such as those proposed by H.S. Gurm et al. [15]. Age 
stratification (Figure 3) suggests that elderly patients warrant 
heightened vigilance, aligning with E. Nikolsky et al. [14].

Limitations include the retrospective design, single-center 
setting, and absence of compre- hensive data on all preventive 
measures. Future research should validate this model prospec- 
tively across multiple centers, incorporate additional biomarkers 
(e.g., NGAL, cystatin C, TIMP-2, IGFBP7), and explore 
interventions like iso-osmolar contrast or furosemide-matched 
hydration [24].

Conclusion
This study establishes age, baseline creatinine, and contrast 

dose as significant predictors of CI- AKI in STEMI patients 
post-PCI, with a predictive model achieving an AUC-ROC of 
0.83. The 19.2% incidence and associated GFR decline highlight 
CI-AKI’s clinical burden. Limitations include the small sample 
and retrospective nature, necessitating prospective, multicenter 
validation. Future directions include testing preventive strategies 
and integrating novel biomarkers to refine risk stratification.
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Abstract
Objective: The objective of the study is to investigate the development 

of epistaxis and its relationship with hypertension, as well as inflammatory 
parameters such as the neutrophil-lymphocyte ratio (NLR), the pan-immune 
inflammation value (PIV), the systemic inflammatory response index (SIRI), 
the systemic immune-inflammation index (SII) and the aggregate index of 
systemic inflammation (AISI).

Methods: Our study is a retrospective analysis of patients diagnosed 
with and treated for epistaxis from January 2021 to January 2023. Patient 
demographic information and NLR, PIV, SIRI, SII and AISI were calculated. 
Patients were divided into two groups based on their systolic blood pressure 
measurements: The study then compared the two groups.

Results: A total of 743 participants who met the inclusion criteria were 
enrolled in the study, with 545 (73.3%) cases of non-hypertensive epistaxis and 
198 (26.7%) cases of hypertensive epistaxis.  The neutrophil-to-lymphocyte ratio 
(NLR) was found to be significantly higher in hypertensive epistaxis (3.6 vs. 
1.6; p<0.001) when evaluating the combined blood parameters. Furthermore, 
PIV values were notably elevated in the hypertensive group (813.53 vs 252.71; 
p<0.001). Consequently, SII, SIRI, and AISI values were found to be significantly 
higher in hypertensive epistaxis compared to non-hypertensive epistaxis.

Conclusion: NLR, PIV, SIRI, SII, and AISI in predicting bleeding in epistaxis 
patients presenting at the emergency department.

Keywords: Epistaxis, hypertension, inflammation.
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Introduction
Epistaxis is a prevalent cause of visits to the 

emergency department for both adults and children. 
Its prevalence increases with age and underlying risk 
factors related to bleeding [1]. Research has identified 
a correlation between climate change, temperature 
factors, and the frequency of epistaxis associated 
with bleeding-related illnesses [2, 3].  Inflammation-
induced nasal irritation can lead to nasal discharge, 
which can result in increased pressure and potential 
damage to mucosal walls, thus increasing the 

predisposition to bleeding [4]. The investigation of the 
association between patients experiencing epistaxis and 
inflammation-related markers has become increasingly 
prevalent in the literature [5].

Hematologic indices are primarily utilised 
for the identification of inflammatory states and the 
observation of systemic effects [5, 6]. In this discipline, 
the systemic inflammatory marker index is applied in 
cases such as those affecting cancer patients, idiopathic 
pulmonary fibrosis, and asthma. The neutrophil-
lymphocyte ratio (NLR), pan-immune inflammation 
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value (PIV), systemic inflammatory response index (SIRI), 
systemic immune-inflammation index (SII) and aggregate index 
of systemic inflammation (AISI) are other tools that offer a 
cost-effective means of diagnosing and predicting systemic 
inflammatory response assessment. In previous studies, 
variations in different haematological parameters have been 
observed in patients who have experienced bleeding episodes 
[5, 7, 8]. However, there is a paucity of research exploring the 
correlation between NLR, PIV, SIRI, SII, AISI, and epistaxis. 
Consequently, the primary objective of this study, independent 
of other factors, was to investigate the development of epistaxis 
and its relationship with hypertension, as well as inflammatory 
parameters.

Methods
The study was conducted retrospectively, commencing 

subsequent to the approval of the local ethics committee. The 
present study was conducted in accordance with the "Helsinki 
Declaration".

The present study constitutes a retrospective analysis, 
encompassing patients who were diagnosed with and treated 
for epistaxis in the emergency department from January 2021 to 
January 2023. The inclusion criteria encompassed all patients aged 
18 and above who presented to our emergency department with 
a diagnosis of epistaxis. Exclusion criteria encompass patients 
with known coagulation disorders, abnormal blood parameters, 
individuals with hematologic or oncologic chronic diseases, 
and those receiving long-term steroid therapy. Demographic 
information on patients, along with recordings of white blood 
cell count, neutrophil count, platelet count, lymphocyte count, 
monocyte count, hemoglobin levels, and eosinophil count 
were taken from blood samples collected within the first hour 
of admission to the emergency department. Ratios were then 
calculated from these blood values, comprising the neutrophil-to-
lymphocyte ratio (NLR), the platelet-to-lymphocyte ratio (PIV), 
and the systemic inflammatory response index (SIRI), which is 
the product of the neutrophil and monocyte counts divided by 
the lymphocyte count. The study calculated the SII (systemic 
immune-inflammation index) and AISI (aggregate index of 
systemic inflammation) by taking important blood cell counts 
and dividing them by lymphocyte count. The patients were 
divided into two groups based on their systolic blood pressure 
readings: Non-hypertensive epistaxis was diagnosed in patients 
with systolic blood pressure readings within the standard range 
set by international guidelines, while hypertensive epistaxis was 
diagnosed in patients with readings above 140/90 mmHg. The 
study then proceeded to make a comparison between these two 
groups.

Statistical analysis
We used SPSS version 25.0 (IBM SPSS Statistics for 

Windows, version 25.0 (IBM Corp)) to analyse the data in 
this study. We measured continuous variables using the mean 
± standard deviation, and frequency and percentage were used 
to measure categorical data when comparing demographic 
characteristics and parameters used in patients with epistaxis. 
We used the Student's t-test for normally distributed variables 
when comparing patients grouped by hypertension, and the 
Mann-Whitney U test for variables that didn't display normal 
distribution. A statistical significance level of P < 0.05 was 
adopted for the analyses.

Results
743 participants meeting the inclusion criteria were 

enrolled in our study, with 545 (73.3%) in Non-hypertensive 
epistaxis and 198 (26.7%) in Hypertensive epistaxis. The 
majority of patients in both groups were male, and there was 
no significant difference in gender distribution between the two. 
Hypertensive epistaxis had notably higher systolic and diastolic 
blood pressures than Non-hypertensive epistaxis. No significant 
difference was found in hemoglobin levels between the groups. 
Demographic data and general laboratory parameters are 
presented in Table 1.

The NLR was significantly higher in Hypertensive 
epistaxis (3.6 vs 1.6; p<0.001, Figure 1) when evaluating the 
combined blood parameters. Furthermore, PIV values were 
notably elevated in the hypertensive group (813.53 vs 252.71; 
p<0.001, Figure 1, see the next page). SII, SIRI, and AISI 
values were also significantly higher in Hypertensive epistaxis 
compared to Non-hypertensive epistaxis. Table 2 compares the 
combined hemogram parameter values.

Discussion
Epistaxis is a prevalent cause of bleeding treated in 

emergency departments. The aetiology of epistaxis can be 
attributed to a range of localised conditions, including digital 
trauma, septal perforations, nasal foreign bodies, aneurysms, 
nasal papillomas, and the utilisation of antihistamine or steroid 

Table 1 Demographic characteristics of epistaxis 
patients

Description Group 1 
(n=545)

Group 2 
(n=198) P-Value

Gender

Female n (%) 252 (46,2%) 92 (46,5%)
Male n (%) 293 (53,8%) 106 (53,5%) 0.956
Systolic blood pressure  
(Mean±SD) 105.35±9.68 171.53±24.93 <0.001

Diastolic blood pressure 
(Mean±SD) 70.55±9.95 131.89±24.04 <0.001

Blood Parameters
Hemoglobin (Mean±SD) 12.49±2.43 12.33±2.47 0.441
Platelet (Mean±SD) 220.33±86.08 301.45±103.66 <0.001
Neutrophils (Mean±SD) 4.22±1.69 7.97±3.97 <0.001
Lenfocyte (Mean±SD) 2.4±1.91 2.12±1.18 0.065
Monocyte (Median 
(IQR)) 0.57 (0,5) 0.84 (0.38) <0.001

Eosinophils (Median 
(IQR)) 0.14 (0.14) 0.15 (0.21) 0.754

NLR: Neutrophil-lymphocyte ratio; PIV: Pan-immune inflammation 
value, SIRI: Systemic Inflammatory Response Index; SII: Systemic 
immune-inflammation index AISI: Aggregate index of systemic 
inflammation.

Table 2 Comparison of the hematologic parameters for 
the groups

Description Group 1 n=545 Group 2 n=198 P-Value
NLR (Median (IQR)) 1.86 (1.26) 3.60 (3.07) <0.001
PIV (Median (IQR)) 252.71 (193.48) 813.53 (646.53) <0.001
SIRI (Median (IQR)) 1.12 (0.77) 2.99 (2.47) <0.001
SII (Median (IQR)) 419.35 (266.33) 1040.89 (863.54) <0.001
AISI (Median (IQR)) 252.71 (193.48) 813.53 (646.53) <0.001
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nasal sprays. Systemic conditions, including hypertension, 
coagulation disorders, and bleeding diatheses, have also been 
identified as contributing factors to epistaxis [9]. The underlying 
cause of nasal bleeding is often unclear. The specific factors 
that render individuals susceptible to epistaxis remain to be 
fully elucidated. Consequently, there is a necessity for readily 
available, swift and cost-effective parameters that could assist 
in diagnosing epistaxis in emergency scenarios. A review of 
the extant literature suggests that low mean platelet volume 
(MPV) and high red cell distribution width (RDW) levels could 
potentially play a role in the increased recurrence of bleeding in 
epistaxis [10]. The present study hypothesised that the recently 
introduced inflammatory parameters, the systemic immune-
inflammation index (SII) and systemic inflammatory response 
index (SIRI), could potentially contribute to the mechanism 
of epistaxis. The results of the study indicate that SII and SIRI 
serve as hematologic indices and thereby act as inflammatory 
markers useful in diagnosing epistaxis.

Epistaxis is a commonly encountered problem, frequently 
resulting in referrals to emergency services for further treatment. 
Otolaryngologists are often consulted for patients who are 
referred to hospitals. Studies have identified inflammatory 
parameters that may be useful for managing epistaxis patients 
who frequently make recurrent visits to emergency departments. 
It is theorised that nasal colonization of Staphylococcus 
aureus prompts inflammation in the development of epistaxis, 

resulting in crusting of the nasal septum. This, in turn, causes 
neovascularization and purportedly heightens the risk of 
recurring nasal bleeding [11–13]. Presently, there is no literature 
indicating any relationship between SII, SIRI, and epistaxis. 
Numerous studies have demonstrated the association between 
SII and SIRI in various cancers and their oncological outcomes 
[15, 16]. Moreover, SII and SIRI have been shown to be linked 
to metastatic renal cell carcinoma and prostate cancer [17]. 
Interestingly, SIRI has also been established as a predictor of 
survival and is associated with prognosis in multiple cancers 
including pancreatic cancer, gallbladder cancers, squamous cell 
carcinoma and cervical cancers [18–22].  Qi et al. demonstrated 
that SIRI, a new inflammatory marker, has predictive value 
for the survival of pancreatic cancer patients [23]. Another 
study involving 916 patients with esophageal squamous cell 
carcinoma found that SIRI was an independent prognostic factor 
[22]. The analysis of studies on systemic inflammation reveals 
varying cutoff values for SIRI and SII. In a study conducted by 
Yıldız et al., it was discovered that the cutoff values for both 
SIRI and SII were significantly higher in individuals with acute 
cholecystitis than in the control group. This finding indicates the 
potential diagnostic usefulness of these markers [24, 25]. While 
PIV and AISI parameters are used as markers of inflammation 
in various diseases, their roles in epistaxis patients are not yet 
clearly defined. The study has certain limitations, including its 
retrospective nature, relatively small sample size, and single-
center design. To validate these indices, prospective and 
multicenter studies involving comprehensive patient populations 
should be conducted. Furthermore, it is possible that the results 
were impacted by the timing of the complete blood count (CBC) 
testing, which was conducted during presentation. This approach 
may not have provided enough data to ascertain the speed at 
which these parameters increase during the inflammatory 
process.

Conclusion
As a result, this study has indicated the potential 

usefulness of parameters such as NLR, PIV, SIRI, SII, and AISI 
in predicting bleeding in epistaxis patients presenting at the 
emergency department.
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Figure 1 – Hematologic parameters  of in hypertensive and non-
hypertensive epistaxis patients  A) NLR: Neutrophil-lymphocyte 
ratio B) PIV: Pan-immune inflammation value;  C: SIRI: Systemic 
Inflammatory Response Index; D) SII: Systemic immune-
inflammation index; E) AISI: Aggregate index of systemic 
inflammation



87
Journal of Clinical Medicine of Kazakhstan: 2025 Volume 22, Issue 3

References 
1.	 Ahn EJ, Min HJ. Age-specific associations between environmental factors and epistaxis. Front Public Health. 2022; 19; 10: 966461. 

https://doi.org/10.3389/fpubh.2022.966461.
2.	 Caltekin I, Demir B, Atik D, Albayrak L, Gokcen E, Savrun A, Burak Kaya H. Evaluation of red blood cell distribution width and mean 

platelet volume levels in hypertensive and non-hypertensive epistaxis patients. Ann Med Res. 2021; 27(3): 0938–0942. https://doi.
org/10.5455/annalsmedres.2019.11.689.

3.	 Küçükcan NE, Kanmaz MA. Can we determine recurrent epistaxis by hemogram parameters in children? Int J Pediatr Otorhinolaryngol. 
2021; 146: 110747. https://doi.org/10.1016/j.ijporl.2021.110747. 

4.	 Send T, Bertlich M, Eichhorn KW, Ganschow R, Schafigh D, Horlbeck F, Bootz F, Jakob M. Etiology, Management, and Outcome of 
Pediatric Epistaxis. Pediatr Emerg Care. 2021; 37(9): 466–470. https://doi.org/10.1097/PEC.0000000000001698. 

5.	 Korkut M, Bedel C, Karancı Y, Duyan M. Can We Estimate the Recurrence of Epistaxis with Simple Blood Tests? J Clin Trials Exp 
Investig. 2020; 11(2): 1–6. https://doi.org/10.5799/jcei/7839.

6.	 Kim K, Kwak IY, Min H. Particulate Matter 10 (PM10) Is Associated with Epistaxis in Children and Adults. Int J Environ Res Public 
Health. 2021; 18(9): 4809. https://doi.org/10.3390/ijerph18094809. 

7.	 Zinellu A, Collu C, Nasser M, Paliogiannis P, Mellino S, Zinellu E, Traclet J, Ahmad K, Mangoni AA, Carru C, Pirina P, Fois AG, Cottin 
V. The Aggregate Index of Systemic Inflammation (AISI): A Novel Prognostic Biomarker in Idiopathic Pulmonary Fibrosis. J Clin Med. 
2021; 10(18): 4134. https://doi.org/10.3390/jcm10184134. 

8.	 Zhou Q, Su S, You W, Wang T, Ren T, Zhu L. Systemic Inflammation Response Index as a Prognostic Marker in Cancer Patients: 
A Systematic Review and Meta-Analysis of 38 Cohorts. Dose Response. 2021; 19(4): 15593258211064744. https://doi.
org/10.1177/15593258211064744.

9.	 Ameya G, Biresaw G, Mohammed H, Chebud A, Meskele M, Hussein M, Endris M. Epistaxis and Its Associated Factors Among 
Precollege Students in Southern Ethiopia. J Blood Med. 2021; 12: 1–8. https://doi.org/10.2147/JBM.S285403.

10.	 Ekber Karabulut A, Çevik Y, Emektar E, Kerem Çorbacioğlu Ş, Dağar S, Yardim O. Analysis of mean platelet volume and red blood cell 
distribution width in recurrent epistaxis. Turk J Emerg Med. 2018; 18(2): 67–70. https://doi.org/10.1016/j.tjem.2018.02.001. 

11.	 Montague ML, Whymark A, Howatson A, Kubba H. The pathology of visible blood vessels on the nasal septum in children with 
epistaxis. Int J Pediatr Otorhinolaryngol. 2011; 75(8): 1032–1034. https://doi.org/10.1016/j.ijporl.2011.05.011. 

12.	 Aksakal C, Şahin M. Evaluation of neutrophil/lymphocyte ratio and platelet/lymphocyte ratio in recurrent epistaxis in childhood: case 
controlled study. Pan Afr Med J. 2019; 32: 154. https://doi.org/10.11604/pamj.2019.32.154.18372. 

13.	 Bhutta H, Agha R, Wong J, Tang TY, Wilson YG, Walsh SR. Neutrophil-lymphocyte ratio predicts medium-term survival 
following elective major vascular surgery: a cross-sectional study. Vasc Endovascular Surg. 2011; 45(3): 227–231 https://doi.
org/10.1177/1538574410396590

14.	 Balta S, Demırkol S, Kucuk U. The platelet lymphocyte ratio may be useful inflammatory indicator in clinical practice. Hemodial Int. 
2013; 17(4): 668–669. https://doi.org/10.1111/hdi.12058. 

15.	 Gu L, Li H, Gao Y, Ma X, Chen L, Li X, Zhang Y, Fan Y, Zhang X. The association of platelet count with clinicopathological significance 
and prognosis in renal cell carcinoma: a systematic review and meta-analysis. PLoS One. 2015; 10(5): e0125538. https://doi.org/10.1371/
journal.pone.0125538. 

16.	 Roxburgh CS, McMillan DC. Role of systemic inflammatory response in predicting survival in patients with primary operable cancer. 
Future Oncol. 2010; 6(1): 149–163. https://doi.org/10.2217/fon.09.136. 

17.	 Lolli C, Basso U, Derosa L, Scarpi E, Sava T, Santoni M, Crabb SJ, Massari F, Aieta M, Conteduca V, Maruzzo M, La Russa F, Wheater 
M, Berardi R, Galli L, De Giorgi U. Systemic immune-inflammation index predicts the clinical outcome in patients with metastatic renal 
cell cancer treated with sunitinib. Oncotarget. 2016; 7(34): 54564–54571. https://doi.org/10.18632/oncotarget.10515. 

18.	 Topkan E, Mertsoylu H, Kucuk A, Besen AA, Sezer A, Sezen D, Bolukbasi Y, Selek U, Pehlivan B. Low Systemic Inflammation Response 
Index Predicts Good Prognosis in Locally Advanced Pancreatic Carcinoma Patients Treated with Concurrent Chemoradiotherapy. 
Gastroenterol Res Pract. 2020; 2020: 5701949 https://doi.org/10.1155/2020/5701949. 

19.	 Sun L, Hu W, Liu M, Chen Y, Jin B, Xu H, Du S, Xu Y, Zhao H, Lu X, Sang X, Zhong S, Yang H, Mao Y. High Systemic Inflammation 
Response Index (SIRI) Indicates Poor Outcome in Gallbladder Cancer Patients with Surgical Resection: A Single Institution Experience 
in China. Cancer Res Treat. 2020; 52(4): 1199–1210. https://doi.org/10.4143/crt.2020.303. 

20.	 Lin J, Chen L, Chen Q, Zhuang Z, Bao X, Qian J, Hong Y, Yan L, Lin L, Shi B, Qiu Y, Pan L, Wei L, Zheng X, Wang J, Liu F, He B, Chen 
F. Prognostic value of preoperative systemic inflammation response index in patients with oral squamous cell carcinoma: Propensity 
score-based analysis. Head Neck. 2020; 42(11): 3263–3274. https://doi.org/10.1002/hed.26375.

21.	 Chao B, Ju X, Zhang L, Xu X, Zhao Y. A Novel Prognostic Marker Systemic Inflammation Response Index (SIRI) for Operable Cervical 
Cancer Patients. Front Oncol. 2020; 10: 766. https://doi.org/10.3389/fonc.2020.00766. 

22.	 Geng Y, Zhu D, Wu C, Wu J, Wang Q, Li R, Jiang J, Wu C. A novel systemic inflammation response index (SIRI) for predicting 
postoperative survival of patients with esophageal squamous cell carcinoma. Int Immunopharmacol. 2018; 65: 503–510. https://doi.
org/10.1016/j.intimp.2018.10.002. 

23.	 Qi Q, Zhuang L, Shen Y, Geng Y, Yu S, Chen H, Liu L, Meng Z, Wang P, Chen Z. A novel systemic inflammation response index 
(SIRI) for predicting the survival of patients with pancreatic cancer after chemotherapy. Cancer. 2016; 122(14): 2158–2167. https://doi.
org/10.1002/cncr.30057. 

24.	 Yildiz G. Selvi F. Bedel C. Zortuk O, Korkut Mustafa, Mutlucan UO. Systemic Inflammation Response Index and Systemic Immune 
Inflammation Index for Predicting Acute Cholecystitis. Indian Journal of Medical Specialities. 2023; 14(2): 88–92. https://doi.
org/10.4103/injms.injms_5_23.

25.	 Yıldız G, Selvi F, Bedel C, Zortuk Ö, Yavuz Y. Systemic inflammatory response index (SIRI) and Systemic immune-inflammation index 
(SII) to show Thrombus Localization in Patients with Acute Pulmonary Embolism. Osmangazi Med J. 2023; 45(5): 665–671. https://
doi.org/10.20515/otd.1276480.



88
Journal of Clinical Medicine of Kazakhstan: 2025 Volume 22, Issue 3

Original Article DOI: https://doi.org/10.23950/jcmk/16543

JOURNAL OF CLINICAL MEDICINE OF KAZAKHSTAN (E-ISSN 2313-1519)

Abstract
Background: Coronaviruses, also known as COVID-19, are a group of highly 

infectious enveloped positive stranded RNA viruses that have been implicated 
to cause severe acute respiratory and systemic thrombotic syndrome. It is a 
multi-systemic disease whose manifestation can be seen in several organ 
systems. This study therefore aims to identify the specific histopathologic 
alterations in placenta tissue of COVID-19 pregnant women. 

Methods: This was a cross-sectional descriptive study done at Lagos 
University Teaching Hospital, (LUTH). This study was carried out from April 2020 
to October 2020 and from December 2020 to April 2021 during the pandemic. 
The information retrieved included sociodemographic data, medical and 
surgical history, pregnancy and delivery details, results of COVID-19 tests, and 
report of placental evaluation/examination. The data were entered and analyzed 
using Microsoft Excel spreadsheet. Descriptive statistics were employed to 
report the findings. 

Results: Histopathology and gross examination of placentas from these 
pregnant women infected with COVID-19 reveals increased syncytial Knots 
in 80% of our cohort, calcification 80%, infarction 90%, fibrin deposition 80%, 
retroplacental haemorrhage 40%, hyalinization of vessels 10%, thrombosis 20%, 
inflammation 40%, vascular malformation in 10% hyalinization in 60% of cases 
thereby suggesting that COVID-19 may have significant impact on human 
placental structure and function. Out of 15 deliveries, one each was preterm, 
preeclampsia, and abruptio which were excluded from the study, and three 
patients declined to participate in the study. 

Keywords: COVID-19, placenta histology, pregnancy, Nigeria.

Received: 2025-06-06. 
Accepted: 2025-06-23.

Histopathologic Findings 
in Placentas from COVID-19 
Positive Mothers – A Hospital 
Experience
Adaeze Mba1, Aloy Okechukwu Ugwu2, Christian C Makwe3, Adetola Olubunmi Daramola3

¹Department of Anatomic and Molecular Pathology, Lagos University, Teaching Hospital, Lagos, Nigeria
2Department of Obstetrics and gynaecology, Lagos University Teaching Hospital, Idi-Araba, Lagos, Nigeria
3Department of Anatomic and Molecular Pathology, Lagos University, Teaching Hospital, College of Medicine, University of Lagos, Nigeria

Corresponding author: 
Aloy Okechukwu Ugwu.
E-mail: okeyugwu92@gmail.com.
ORCID: 0000-0003-2405-9720.

Introduction
The recent pandemic that was attributed to the 

highly infectious novel coronavirus otherwise referred 
to as COVID-19, is a severe acute respiratory and 
systemic thrombotic syndrome caused by an enveloped 
single stranded ribonucleic acid virus [1–3]. Since the 
declaration of these enveloped virus (COVID-19) as a 
disease of public health emergency in February 2020, 
according to World Health Organization (WHO), it is 

estimated to have caused over 3.4 million deaths with 
different rates of reporting among countries ranging 
from 98% deaths reported in developed countries to 
10% deaths in developing countries [4]. With regards 
to covid-19 transmission, the most common mode of 
transmission is by the inhalation of tiny respiratory 
droplets, and or through close personal contact with a 
disease carrier, or infected surface [1, 3–5]. It is a multi-
systemic disease whose manifestation includes malaise, 
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muscle cramps, high grade fever, respiratory symptoms (upper 
and lower respiratory tract) such as sore throat, cough, shortness 
of breath, and pneumonia [6, 7]. 

Other symptoms include vomiting, diarrhea, bleeding 
disorders including disseminated intravascular coagulopathy 
[5–7]. Acute kidney injury and multiorgan failure have also been

 reported [8]. Pregnant women are considered vulnerable 
due to physiological changes that may increase the risk of severe 
illness during infections [2]. 

Evidence abounds in literature to suggest that infection 
with SARS-CoV-2 in pregnancy may have some untoward 
effect on both the pregnant mother and the conceptus. It has 
also been put forward that coronavirus infected pregnant women 
may have an increased risk of having a more severe disease [9]. 
This notwithstanding, other authors have suggested different 
opinions regarding COVID-19's impact on pregnancy outcomes 
[1, 3, 4]. In addition, just as suggested by other authors that 
some blood borne viruses may invade placenta protection to be 
transmitted to the fetus [10]. This placenta invasion of other viral 
pathogens raises a serious concern with regards to COVID-19 
infection during pregnancy. Although it is not a bloodborne 
virus, there could be a possibility that COVID-19 could invade 
the immunological barrier of the placenta to be vertically 
transmitted to the fetus in utero [1, 9]. 

 A plethora of complications have been suggested 
such as miscarriage, pre-employed, preeclampsia, increased 
cardiovascular stillbirth, intrauterine growth restriction and 
renal complications, therefore highlighting the need for further 
investigation into maternal and fetal health [2, 9, 10]. 

Considering the physiological changes in pregnancy, it 
is sometimes difficult without high index of suspicion in an 
apparently healthy woman to differentiate the effects of covid-19 
and the symptoms of normal pregnancy which are sometimes 
presented as infectious or inflammatory changes [4, 9, 10]. 
Additionally, human placentas contribute a major interface 
between the mother and the developing fetus. Certain maternal 
diseases in pregnancy such as preeclampsia, have been said to 
have an aetiology linked to the placenta [10]. 

 Therefore, the covid-19 induced environment in the 
pregnant woman such as inflammation, hypoxia and increased 
thrombosis may suggest that placenta will possibly be a potential 
target for the virus [11]. Histopathologic studies of placentas 
from COVID-19 positive mothers reveal inflammation, 
vascular malperfusion, and thrombotic changes [10, 11]. These 
abnormalities may contribute to adverse pregnancy outcomes, 
necessitating further research into their implications.

This study therefore aims to identify the specific 
histopathologic alterations in placenta tissue of COVID-19 
pregnant women. These placental histopathologic changes if 
identified may give more insights into the aetiopathogenesis of 
COVID-19's and its negative effects on pregnancy and can guide 
interventions to improve pregnancy outcomes for mothers and 
infants, informing clinical guidelines and public health policies. 

Methods
Study design: This cross-sectional descriptive study was 

carried out at LUTH. 
Setting: LUTH served as a referral and Treatment Centre 

during both waves of the pandemic (between April 2020 to 
October 2020) and (from December 2020 to April 2021). 

Study population
These included all Pregnant mothers who were diagnosed 

with SARS-CoV-2 infection who were managed and had 
their babies in hospital. They were properly counselled by 
the managing team following which an informed consent to 
participate was obtained from the mothers. The placentas 
were sent for histopathological evaluation. Excluded were 
placentas from mothers with pre-existing placental disorders 
(e.g., preeclampsia, placental abruption). This is because 
histopathological changes in women pre-diagnosed with 
COVID-19 mirrors that of the findings in preeclampsia and 
abruptio placenta.

Methods 
Placental specimens collected as part of routine 

obstetric care during the covid 19 pandemic were sent to the 
histopathology laboratory of the Department of Anatomic and 
Molecular Pathology, LUTH and were processed following 
standard histopathological protocols. Archived hematoxylin and 
eosin (H&E) stained slides and corresponding histopathology 
reports of these cases were retrieved from the histopathology 
laboratory for this study. Where necessary, slides were reviewed 
by AOD and AMM to confirm the original findings.

A descriptive analysis was performed, focusing on gross 
and microscopic placental findings including but not limited to 
features suggestive of maternal and fetal vascular malperfusion 
(MVM and FVM). 

Placental features considered to be indicative of MVM 
include both gross and microscopic findings. Gross findings 
include placental hypoplasia, infarction, and retroplacental 
haemorrhage while microscopic findings include abnormalities 
of villous development. Lesions under the umbrella of FVM 
are mostly due to obstruction in foetal blood flow, possibly due 
to umbilical cord lesions, hypercoagulability, complications of 
foetal cardiac dysfunction, such as hypoxia, amongst others

The findings were documented and interpreted in the 
context of maternal COVID-19 status and perinatal outcomes 
where available.

Data collection and statistical analysis
A total of ten placentas were analyzed, and relevant 

information of the mother-baby pair were extracted from 
the medical records. The information retrieved included 
sociodemographic data, medical and surgical history, pregnancy 
and delivery details, results of COVID-19 tests, and report 
of placental evaluation/examination. The data were entered 
into Microsoft Excel spreadsheet. Descriptive statistics were 
employed to report the findings. Categorical variables were 
expressed as frequency and percentages, while continuous 
variables were expressed as mean and standard deviation. 

Results
Nine participants were enrolled for the study, however one 

of the patients had a set of twin delivery, therefore a total of ten 
placentae were analyzed. 

The average weight of the placenta was 429.5g (150–630g). 
Most patients (88.9%) were diagnosed in the third trimester 
(Table 1). Histopathological examination of these placentas 
from COVID-19 positive mothers reveals increased syncytial 
Knots in 80% of our cohort, calcification 80%, infarction 
90%, fibrin deposition 80%, retroplacental haemorrhage 40%, 
hyalinization of vessels 10%, thrombosis 20%, inflammation 
40%, hyalinization of villi in 60% of cases (Figure 1). 
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Figure 1 – Histopathological fi ndings in the placenta

Increased syncytial Knots – 80%, Calcification – 80%, Infarction – 
90%, Fibrin Deposition – 80%, Retroplacental Haemorrhage – 40%, 
Hyalinization of Vessels – 10%, Thrombosis – 20%, Inflammation – 40%, 
Vascular Malformation – 10%, Hyalinized villi – 50.

Table 1
Clinical and Socio-demographic variables of 
COVID-19 Positive Pregnant Mothers n=9

Variables Frequency n (%)

Mean age in years ±SD  Mean Body 
Mass Index

30.2 ± 228 
± 3

Time of Diagnosis 
Second trimester 
Third trimester 

1 (11.1)
8 (88.9)

Mode of delivery
Spontaneous vaginal delivery 
Caesarean section 

1 (11.1)
8 (88.9)

Parity
1-2
≥3

3 (33.3)
6 (66.6)

Mean Placental weight 
Range 

429.5g (164.05 g)
150-630g

Table 2 Histopathologic Descriptions

SN Weight (g) Histopathologic Description

1 630 Retroplacental hemorrhage, excessive fibrin deposition, hyalinized villi, Increased syncytial knots, thickened and narrowed villous 
capillaries, calcification and hemorrhage are seen in the placental disc.

2 590 Increased syncytial knots, excessive fibrin deposition, hyalinized villi with areas of calcification, foci of infarction, inflammation, 
thrombosis and hyalinized vessels

3 480 Retroplacental hemorrhage, increased syncytial knots, excessive fibrin deposition, hyalinized villi with areas of calcification, foci of 
infarction and inflammation

4 345 Retroplacental hemorrhage, increased syncytial knots, excessive fibrin deposition, hyalinized villi with areas of calcification, foci of 
infarction. Inflammation and thrombosis

5 440 Increased syncytial knots, excessive fibrin deposition, hyalinized villi with areas of calcification, foci of infarction and inflammation
6 560 Increased syncytial knots, excessive fibrin deposition, hyalinized villi with areas of calcification
7 520 Increased syncytial knots, hyalinized villi with areas of infarction
8 150 Retroplacental hemorrhage, increased syncytial knots, hyalinized villi with areas of calcification, foci of infarction
9 180 Increased syncytial knots, excessive fibrin deposition, hyalinized villi with areas of calcification, foci of infarction

10 400 Retroplacental hemorrhage, increased syncytial knots, excessive fibrin deposition, hyalinized villi with areas of calcification, foci of 
infarction

Discussion
This study evaluated the placental histopathologic changes 

in pregnant mothers diagnosed with COVID-19 infection 
with aim of providing insights into the effects of the virus on 
pregnancy. We found an overall low placenta weight compared 
to the general population. This differs from the previous study 
in our center by Oluwole et al who reported an average placenta 
weight of 657.5 (221.5) g in their cohorts [12]. 

It was also different from the reported placenta weight of 
43 and 630 g by Barker et al and Panti et al respectively [13,14]. 
Along those lines, our study is similar to that of Giordano and 
co-workers who also noticed a low placenta weight is some the 
case reviewed [7]. 

Similarly, Theiler et al also reported small mean placental 
weight of less than tenth percentile across all gestational ages 
compared in their study [15]. However, Tasca and colleagues 
found no difference in placental weight between women 
diagnosed with COVID-19 infection and their COVID-19 
negative counterparts [16]. 

With regards to histopathologic fi ndings, the commonest 
abnormality in our study was the high degree of placental 
infarction, followed by increased syncytial Knots, calcifi cation 
and fi brin deposition. Just as reported in other studies, chronic 
histiocytic intervillositis, characterized by maternal macrophage 
infi ltration, has been frequently reported in COVID-19 placentas, 
this infl ammation can ultimately result in placental insuffi ciency 
and its attendant consequences to both the pregnant woman and 
her fetus [7, 8, 12]. It has been hypothesized that this chronic 
infl ammation may represent an adverse event happening within 
the placenta tissue which may invariably impair placenta 
function [4, 16, 17]. 

Similarly, increased fi brin deposition and intervillous 
thrombi may be an indicator of hypercoagulable state within the 
placenta, contributing to placental insuffi ciency and adverse fetal 
outcomes [16–18]. These fi ndings refl ect the pro-thrombotic 
nature of COVID-19 as reported in many studies [4, 16, 18, 19]. 
Then again, increased fi brin deposition similar to the fi ndings in 
other studies has been attributed to cause maternal hypoxia as 
also seen in other cases of acute respiratory distress syndrome 
[15, 16]. This can worsen placenta dysfunction leading to 
impaired function of the uteroplacental-fetal unit with attendant 
consequences to the fetus [15, 16, 20]. 

Although other studies have reported similar increase 
in syncytial knots in placentas of most mothers infected with 
coronavirus 2 [18, 20, 21]. The implications of this may vary. 
Firstly, many agree that hypoxia, hyperoxemia, or oxidative 
stress and increased risk of ischemic changes can be identifi ed in 
the placenta of COVID-19 infected mothers through the increase 
in syncytial knotting. 

SN Histopathologic Finding %
1 Increased syncytial Knots 80
2 Calcification 80
3 Infarction 90
4 Fibrin Deposition 80
5 Retroplacental Haemorrhage 40
6 Hyalinization of Vessels 10
7 Thrombosis 20
8 Inflammation 40
9 Vascular Malformation 10
10 Hyalinized villi 50
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Secondly, increased in these syncytial knots have also been 
fingered to suggest a high likelihood of transmitting this virus to 
the fetus (vertical transmission) [18, 20]. This is because similar 
patterns of syncytial knots have been reported in most infections 
such as TORCHES, Toxoplasma, rubella, and cytomegalovirus 
with increased risk of transmission from mother to fetus in utero 
[18, 19, 21]. 

Figure 2 – Photomicrograph of Placenta histopathological 
findings 
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Abstract
Sepsis and subsequent organ dysfunction are significant complications 

in patients with acute lymphoblastic leukemia. This case report details the 
successful use of combined inhaled and intravenous colistin in a 22-year-old 
male with high-risk acute lymphoblastic leukemia who developed tumor lysis 
syndrome, febrile neutropenia, respiratory failure, sepsis, septic shock, capillary 
leak, and prolonged mechanical ventilation requiring tracheostomy. Colistin 
inhalation, administered via a vibrating mesh nebulizer, was well-tolerated and 
led to clinical improvement. This report contributes to the growing evidence 
supporting the adjunctive use of inhaled colistin in multidrug-resistant 
infections, particularly in immunocompromised patients.
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Introduction
Sepsis is a leading cause of mortality in patients 

with hematological malignancies, particularly those with 
acute lymphoblastic leukemia (ALL). This population 
is highly susceptible to severe infections due to disease-
related immunosuppression and chemotherapy-induced 
myelosuppression [1]. Gram-negative bacteria, 
including Klebsiella pneumoniae, frequently cause 
nosocomial infections in these patients, and rising 
antimicrobial resistance poses additional challenges 
to treatment. Colistin, a polymyxin antibiotic, has re-
emerged as a vital therapy against MDR Gram-negative 
infections despite concerns about its nephrotoxicity 

and neurotoxicity. Inhaled colistin has been explored 
as a targeted strategy to deliver high local drug 
concentrations to the lungs while minimizing systemic 
toxicity [2]. However, data on its use in hematological 
patients, especially those with sepsis and multi-organ 
failure, remain limited. This report highlights a novel 
approach: the combined use of intravenous and inhaled 
colistin in a critically ill patient with ALL and septic 
shock caused by MDR Klebsiella pneumoniae. The aim 
is to expand the clinical evidence for this therapeutic 
strategy, addressing a pressing need in both hematology 
and infectious diseases.

J Clin Med Kaz 2025; 22(3): 93-97
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Clinical Case Presentation
Patient Information 
A 22-year-old male presented with a hemorrhagic rash 

on his foot that progressively worsened. On April 10, 2024, a 
dermatologist referred the patient to a general practitioner after 
a significant increase in the rash. Laboratory investigations 
revealed a high white blood cell count and lymphocytosis, 
leading to a diagnosis of high-risk B-II subtype acute 
lymphoblastic leukemia. The patient was urgently transferred 
to the hematology intensive care unit at the National Research 
Oncology Center in Astana. 

Clinical Findings 
The patient’s Eastern Cooperative Oncology Group 

(ECOG) performance status on admission was between 1 
and 2. Physical examination revealed a petechial rash on the 
lower extremities and an enlarged submandibular lymph node. 
Diagnostic Assessment 

Upon admission, initial laboratory investigations revealed 
a white blood cell count of 20.8 × 109/ L, with 86% lymphoblasts. 
Hemoglobin was measured at 12.9 g/dL, platelets at 57 × 
109/L, uric acid levels were elevated at 412 µmol/L, lactate 
dehydrogenase (LDH) was 785 U/L, and C – reactive protein 
(CRP) was 28.72 mg/L. These findings suggested significant 
hematological abnormalities and metabolic disturbances 
indicative of acute leukemia. 

Flow cytometry of bone marrow aspirate confirmed the 
diagnosis of B-II variant acute lymphoblastic leukemia (ALL). 
Blast cells accounted for approximately 97% of the total nuclear 
cells and expressed clusters of differentiation markers CD10, 
CD19, CD38, and HLA-DR. 

Notably, these cells were negative for CD3, CD7, CD20, 
cytoplasmic IgM, and CD117, consistent with their B-cell origin. 

The immunophenotypic profile confirmed the diagnosis of high-
risk B-II ALL. 

Imaging studies revealed splenomegaly and 
lymphadenopathy, specifically involving the jugular lymph 
nodes as observed via ultrasonography. Chest radiography did 
not demonstrate any initial abnormalities, while abdominal 
imaging corroborated the splenic enlargement. However, 
subsequent chest computed tomography identified bilateral 
polysegmental pneumonia with pleural effusions, complicating 
the clinical course. 

Cerebrospinal fluid (CSF) analysis was performed on 
April 29 to evaluate central nervous system involvement, 
including routine biochemistry, cytology, and flow cytometry 
immunophenotyping. The results were normal, with no 
evidence of leukemic infiltration. Real time quantitative reverse 
transcriptase polymerase chain reaction (RT-qPCR) analysis was 
also conducted to detect chromosomal translocations associated 
with poor prognosis. No genetic abnormalities were identified.

A chronological summary of the patient’s disease 
progression and treatment is presented in Figure 1. The dynamic 
progression of laboratory findings from admission through 
discharge, including hematological and inflammatory markers, 
is illustrated in Figure 2. These investigations provided a 
comprehensive diagnostic framework, guiding the therapeutic 
strategy for this complex case.

Treatment
The patient began chemotherapy on April 22, 2024, following 

the ALL 2022 protocol. Despite initial tolerability, by day 13, 
complications arose, including hyperleukocytosis, myelotoxic 
agranulocytosis, severe anemia, and thrombocytopenia. These 
hematologic abnormalities necessitated transfusions of blood 
components and modifications to the patient’s antibiotic regimen. 

Figure 1 –  Timeline
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Figure 2 – Pre and Post score of Self-esteem Scale of Adults (SES) of the client

Figure 3 – Management for the client

Due to persistent fever, Levofloxacin was replaced with Revotaz 
(4.5 g four times daily). Subsequently, meropenem (1 g three 
times daily) was introduced as symptoms progressed.  On day 
18, the patient’s condition deteriorated further, with the onset of 
respiratory failure, septic shock, and capillary leak syndrome. 
Supportive care included vasopressor therapy and continuous 
positive airway pressure (CPAP). Radiographic imaging revealed 
bilateral pneumonia and pleural effusions, as illustrated in Figure 
3b. Invasive mechanical ventilation became necessary when 
respiratory distress worsened. Antibiotic therapy was intensified 
with meropenem (2 g three times daily) and vancomycin (1 g 
twice daily).  On day 22, worsening complications, including 
febrile neutropenia and tumor lysis syndrome, culminated in 
severe septic shock. Antifungal therapy with Cancidas (75 
mg once daily) was initiated, alongside glucocorticoids and 
hepatoprotective agents. Imaging showed extensive bilateral 
polysegmental pneumonia and pleural effusions, as illustrated in 
Figure 3c. Despite comprehensive antimicrobial therapy, blood 
cultures identified multidrug-resistant Klebsiella pneumoniae. 
Antimicrobial susceptibility testing confirmed resistance to most 
antibiotics except colistin. 

Colistin Therapy 
Targeted therapy began with intravenous colistin at 4 

million units twice daily. Additionally, inhaled colistin (1 
million units twice daily) was delivered using a vibrating mesh 
nebulizer, optimizing pulmonary drug concentrations. This 
approach facilitated localized infection control while minimizing 
systemic toxicity. 

Supportive measures included vasopressors, 
anticoagulation, nutritional support, and vitamin supplementation. 
Persistent thrombocytopenia required ongoing platelet 
transfusions. Due to severe respiratory failure, a percutaneous 
tracheostomy was performed to facilitate prolonged mechanical 
ventilation. Antiviral therapy was added prophylactically to 
address potential viral reactivations. 

Intensive Care Management 
Over 17 days in intensive care, the treatment of multi-

organ dysfunction involved:
•	 Antimicrobial Therapy: Colistin (intravenous and 

inhaled), meropenem, and vancomycin for bacterial infections; 
Cancidas for fungal prophylaxis.

•	 Supportive Care: Transfusions, vasopressors, 
glucocorticoids, and nutritional supplementation.

•	 Ventilatory Support: Non-invasive CPAP and 
invasive mechanical ventilation.
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Gradual clinical improvement was observed, marked by the 
resolution of septic shock and recovery of hematopoiesis. Repeat 
imaging demonstrated the clearing of pulmonary infiltrates and 
effusions (seen in figure 3). By the 10th day post-chemotherapy 
cessation, the patient was successfully weaned off vasopressors 
and ventilatory support. Decannulation of the tracheostomy 
followed as the patient achieved spontaneous breathing.

Outcome 
Bone marrow re-examination on April 30, 2024, revealed 

complete remission with a blast cell proportion of 1.9%. The 
patient’s transfer to a specialized hematology unit underscored 
the success of this integrative approach, balancing intensive care 
interventions with targeted antimicrobial therapy. 

Bacteriological Examination of Blood for Sterility, a 
detailed report is seen in Table 1. Identified Microorganisms: 
[1] Klebsiella pneumoniae 4 MRGN (multidrug-resistant 
Gram-negative bacteria resistant to four classes of antibiotics: 
ureidopenicillins, third- and fourth-generation cephalosporins, 
carbapenems, and fluoroquinolones). 

Table 1 Antibiogram

Antibiotic Group Sensitivity MIC (if 
available)

Ampicillin A R ≥32
Cefazolin A R -
Gentamicin A R ≥16
Amikacin B R 4
Amoxicillin/ Clavulanic Acid B R -
Ampicillin/ Sulbactam B R -
Piperacillin/ Tazobactam B R -
Ticarcillin/ Clavulanic Acid B R -
Cefepime B R ≥32
Cefoxitin B R -
Cefotaxime B R ≥64
Levofloxacin B R -
Ertapenem B R ≥8
Meropenem B R ≥16
Piperacillin B R -
Ceftazidime C R ≥64
Ciprofloxacin B R ≥4
Imipenem B R -
Cefuroxime B R -
Ceftriaxone B R -
Tobramycin A R -
Colistin C S ≤0.5
Tigecycline - R ≥8

Colistin, a last-resort antibiotic, has re-emerged as a 
critical agent in treating MDR Gram-negative infections, despite 
its known nephrotoxicity and neurotoxicity2. Inhaled colistin 
offers an advantage by delivering high local concentrations 
to the lungs while reducing systemic exposure, making it an 
attractive option for pulmonary infections. However, its use 
in hematologic patients with systemic and pulmonary MDR 
infections remains underreported.

Our approach, combining intravenous and inhaled colistin, 
capitalized on these distinct mechanisms of action. This dual 
strategy achieved bacterial clearance while addressing systemic 
and localized complications of sepsis. Previous studies have 
highlighted the success of inhaled colistin in improving outcomes 
for Gram-negative pneumonia [3]. Our findings extend these 
observations to a hematologic population, emphasizing the 
feasibility of this approach in a high risk setting.

The outcomes of this report align with the study by 
Khawcharoenporn et al. [3], which demonstrated the efficacy 
of colistin-based regimens in treating Acinetobacter baumannii 
pneumonia. Similarly, Manesh et al. [4] reported the benefits 
of combination therapy over monotherapy in MDR infections, 
particularly carbapenem-resistant pathogens. While these 
studies predominantly focused on general ICU patients, our 
findings underscore the relevance of such approaches in patients 
with profound immunosuppression. 

This case also corroborates findings by Bassetti et al. 
[5], who highlighted the role of colistin in combating MDR 
pathogens. However, our report uniquely emphasizes the 
hematologic setting, where complications such as febrile 
neutropenia, respiratory failure, and septic shock compound 
treatment challenges. The integration of inhaled colistin 
addresses a critical gap in current literature by targeting 
pulmonary complications directly, as demonstrated in the 
resolution of bilateral pneumonia in our patient. 

From a clinical standpoint, this case highlights the practical 
benefits of combining inhaled and intravenous colistin. The use 
of a vibrating mesh nebulizer ensured effective pulmonary drug 
delivery, minimizing aerosolized drug wastage and enhancing 
patient tolerance. This method aligns with antimicrobial 
stewardship principles by reducing systemic toxicity and 
preserving the efficacy of colistin. 

Furthermore, the ability to implement this therapy in a 
resource-limited setting underscores its feasibility and global 
relevance. The rise of MDR pathogens, coupled with limited 
access to newer antibiotics, makes colistin-based regimens a 
vital component of the therapeutic arsenal in many healthcare 
settings [6]. Our findings advocate for broader adoption of 
inhaled antibiotics in high-risk populations, particularly in 
low- and middle-income countries where the burden of MDR 
infections is disproportionately high.

While the outcomes of this case are encouraging, several 
limitations warrant consideration. The single-patient nature 
of the report limits generalizability. Additionally, the lack of 
long-term follow-up data precludes an assessment of potential 
recurrence or delayed adverse effects. The pharmacokinetics 
of inhaled colistin in severely immunocompromised patients 
remain poorly understood, necessitating further research to 
optimize dosing strategies and minimize toxicity.

The reliance on clinical improvement and microbiological 
clearance as endpoints also highlights the need for standardized 
outcome measures in studies of inhaled colistin. Future 
investigations should incorporate objective parameters such as 
biomarker analysis and advanced imaging to validate therapeutic 
efficacy.

MIC – minimum inhibitory concentration
Interpretation of Sensitivity (SIR): S – Sensitive, I – Intermediate, R – 
Resistant
Group: A – Priority antibiotics; B – Recommended for testing; C – Tested if 
resistance is found to Groups A and B; U – Tested only for urine samples.

Discussion 
This case report underscores the complexity of managing 

sepsis and multi-organ failure in patients with hematologic 
malignancies, particularly those with acute lymphoblastic 
leukemia (ALL). It provides valuable insights into the potential 
of combined intravenous and inhaled colistin therapy for 
multidrug-resistant (MDR) infections in critically ill patients, 
contributing to the growing body of literature on innovative 
antimicrobial strategies. 
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The rising prevalence of MDR pathogens poses a significant 
global health challenge, underscoring the need for innovative 
antimicrobial strategies. Our findings highlight the potential of 
combined colistin therapy to address this crisis, particularly in 
vulnerable populations such as hematologic patients. 

Future research should focus on randomized controlled 
trials to validate the safety and efficacy of combined inhaled and 
intravenous colistin across diverse clinical settings. Additionally, 
pharmacokinetic studies could elucidate the optimal dosing 
regimens for inhaled colistin, minimizing toxicity while 
maximizing therapeutic outcomes. 

From a public health perspective, the judicious use of 
colistin in combination therapies offers a sustainable approach 
to preserving its efficacy. The incorporation of rapid molecular 
diagnostic tools could enhance treatment precision, reducing 
the risk of resistance development. By expanding the evidence 
base for inhaled antibiotics, this case report contributes to global 
efforts to combat antimicrobial resistance and improve patient 
outcomes.

Conclusion
The combined use of inhaled and intravenous colistin in 

this case of ALL with sepsis and multiorgan failure demonstrated 
its potential as a supportive measure in managing severe MDR 
infections. This approach, combined with comprehensive 

intensive care, contributed to a favorable outcome in a critically 
ill patient. These findings emphasize the need for continued 
research into combination therapies to address the challenges of 
MDR infections in high-risk populations.
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Introduction
Acute pancreatitis (AP) is a clinical state 

with significant morbidity and mortality rates. 
Recurrent acute pancreatitis (RAP) is defined 
as more than two attacks of AP without any 
evidence of underlying chronic pancreatitis [1]. 
While alcohol and gallstones are considered the 
most common etiologies, metabolic, structural, 
and iatrogenic causes are responsible for 20–
25% of cases. Hypertriglyceridemia (HTG) 
or chylomicronemia is the underlying cause 

in up to 7% of all cases of pancreatitis [2]. 
Hypertriglyceridemia is attributed as an etiology 
of AP after ruling out the most common causes by 
measuring serum triglyceride levels, which can be 
primary (familial) or secondary. We report a case 
in which we suspected this etiology of RAP in a 
young, thin-built adolescent female patient after 
observing the milky serum sample (Figure 1), who 
had no gallstones on ultrasound of the abdomen 
and was a teetotaler.

Case Report DOI: https://doi.org/10.23950/jcmk/16330
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Abstract
Acute pancreatitis is a common condition with significant morbidity 

and mortality. After gallstones and alcohol, hypertriglyceridemia is another 
important cause of recurrent acute pancreatitis. Primary or genetic 
hypertriglyceridemia may lead to pancreatitis in patients who have a normal 
Body Mass Index and have no history of diabetes mellitus. Though the diagnosis 
of primary hypertriglyceridemia is primarily based on genetic studies, clinically 
it can be suspected in patients having peculiar serum appearance. We report 
a case of familial hypertriglyceridemia causing recurrent acute pancreatitis, 
which was diagnosed with observation of peculiar serum sample of the 
patient. Attentive clinical evaluation may guide the treating physician toward 
the etiological factor and treatment accordingly.

Keywords: Familial hypertriglyceridemia; Recurrent acute pancreatitis; 
Acute pancreatitis; Familial Hyperchylomicronemia.

Received: 2025-02-26.
Accepted: 2025-04-21.

Clinical Diagnosis of Familial 
Hypertriglyceridemia-induced 
Recurrent Acute Pancreatitis 
at Rural Outreach Outpatient 
Department: a Case Report
Swasti Pathak¹, Nishant Kumar Malviya², Ankita Pathak³, Ashutosh Pathak³, Aparna Pathak³, 
Ravindra Nath Pathak³, Swati Tripathi³, Ambuj Tripathi³

¹Department of Radiodiagnosis, Medanta Hospital, Lucknow, India
²Department of GI Surgery, GI Oncology and Bariatric Surgery, Medanta Hospital, Lucknow, India
³Prayag Nursing and Maternity Home, Phulpur, Prayagraj, India

Corresponding author: 
Nishant Kumar Malviya.
E-mail: nishantkumarmalviya@gmail.com.
ORCID: 0000-0001-5038-1903.

J Clin Med Kaz 2025; 22(3): 98-101



99
Journal of Clinical Medicine of Kazakhstan: 2025 Volume 22, Issue 3

Case presentation
A 17-year-old, thin-built female patient with a body mass 

index (BMI) of 20 kilograms per square meter presented to the 
rural outreach outpatient department with a history of recurrent 
epigastric pain that was radiating to her back and was associated 
with fever and nausea. She had at least 4 episodes of such 
pain in last one and a half years. In the last episode, she was 
admitted elsewhere for 5 days and presented to us with attached 
reports. Her serum amylase and lipase reports were raised more 
than three times the normal upper limit. A contrast-enhanced 
computed tomography (CECT) of the abdomen was done during 
previous admission elsewhere that was suggestive of acute 
pancreatitis with diffuse edematous pancreas with peripancreatic 
fat stranding and acute fluid collection in the pancreatic tail 
region extending to anterio-inferior to left Gerota's fascia 
(Figure 2A, B). That episode was managed conservatively there. 
Ultrasound of the abdomen showed no biliary etiology, and she 
was a teetotaler on detailed history. 

During blood examination to rule out other etiologies of 
pancreatitis at our outreach OPD, we noticed milky serum and 
suspected hypertriglyceridemia or chylomicronemia, and serum 
triglyceride (TG) level was found to be 373 mg/dL. In view of 
a patient with normal BMI, having increased TG, her parents 
were also screened, both of whom had normal BMI. Serum 
samples of both the parents revealed milky serum, and serum 
TG levels in mother and father were found to be 246.3 mg/dL 
and 204 mg/dL, respectively. Her serum calcium and thyroid-
stimulating hormone levels were within normal limits (Table 
1) and she was not consuming any medication for prolonged 
period. Further genetic study to establish the diagnosis of 
familial hypertriglyceridemia could not be done in view of the 
poor financial status of the patient. The patient was started on 
dietary modifications and statins, and on follow-up, she remains 
asymptomatic.

Discussion
Hypertriglyceridemia is considered the next most common 

cause of acute pancreatitis after gallstones and alcohol worldwide 
[3]. Secondary HTG remains the culprit for RAP in the majority 
of cases due to increasing BMI, poor dietary habits, and the 
presence of diabetes mellitus (DM) and metabolic syndrome. 
Primary or familial HTG is another subset of this spectrum. In 
the absence of obesity, DM, and metabolic syndrome, patients 
with raised TG levels; primary HTG may be considered.

After ruling out gallstones and alcohol as etiologies of 
RAP, workup for HTG is considered. Though, in a patient with 
normal BMI, having no history of DM or metabolic syndrome, 
HTG as a cause of RAP is not expected mostly in routine clinical 
practice.

On simple observation of our patient's blood sample, 
we noticed excessive milky or lipemic serum (Figure 1). For 
confirmation, resampling was also done, which turned out to be 
similar in appearance. As the patient had no gallstones on her 
ultrasonogram and was a teetotaler, we suspected primary HTG. 
Samples of her parents turned out to be lipemic as well, and on 
evaluation, the patient and both of her parents had increased TG 
levels.

There is no defined threshold level at which HTG triggers 
AP. There is a 5% possibility of developing AP if TG exceeds 
1000 mg/dL, and it rises to 10% to 20% if TG elevates over 
2000 mg/dL [4]. Our patient had excessive milky serum at the 
initial presentation, which could not be analyzed at the local 
laboratory. The patient was then advised to follow a fat-free diet, 
and a repeat sample was taken after 2 weeks, her TG levels then 
came out to be 373 mg/dL.

The exact determination of primary HTG requires genetic 
studies, as it may be monogenic or polygenic [3].  A very 
small subset of patients may have a rare form of monogenetic 
HTG named familial chylomicronemia syndrome (FCS), an 
autosomal recessive disorder [5]. In very rare cases, severe HTG 
is also observed as a result of autoimmune hyperlipidemia, for 

Figure 1  –  Serum sample

Table 1 Laboratory parameters

Laboratory 
parameters Patient’s values Parent’s values 

(Mother/Father)

Serum Triglycerides 373 mg/dL 246.3 mg/dL; 204 
mg/dL

Serum Calcium 8.89 mg/dL
Serum Thyroid-
Stimulating Hormone 
(TSH)

1.80 µIU/mL

Glycosylated 
Hemoglobin (HbA1c) 5.4 %

Figure 2  –  CECT of the abdomen: acute pancreatitis with diffuse 
edematous pancreas with peripancreatic fat stranding (A) and 
acute fluid collection in the pancreatic tail region extending to 
anterio-inferior to left Gerota's fascia (B)

A

B
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instance, anti-glycosylphosphatidylinositol-anchored high-
density lipoprotein-binding protein 1 (GPIHBP1) antibodies [6].

The report has a limitation of the non-availability of exact 
genetic studies to establish the primary HTG in this patient 
due to rural outreach setup and financial constraints. Table-2 
describes a comparative analysis of recent case studies of 
familial hypertriglyceridemia-induced pancreatitis. No recent 
case studies described the genetic analysis to prove familial 
HTG. 

Familial HTG is attributed to reduction in lipoprotein 
lipase (LPL) activity, either due to deficiencies in the LPL 
gene product or LPL regulators encoded by APOC2, APOA5, 
GPIHBP1, and LMF1 genes [11]. Since not all familial HTGT 
patients develop RAP, genetic studies for HTG-induced RAP are 
limited. In a genetic analysis of 126 patients, Chang et al. found 
that the CFTR gene mutation rate was 26.1% in patients with 
HTG-induced RAP [12].

Management strategies of HTG-induced acute pancreatitis 
remain on the line of management of acute pancreatitis due to any 
other etiology. In patients with HTG-induced acute pancreatitis, 
the use of Insulin and Plasmapheresis has been explained with a 
good level of evidence while the role of Heparin has a low level 
of evidence [13].

Long-term therapies, to prevent HTG-induced RAP, 
consist of both lifestyle modifications (such as weight loss and 
limiting intake of sugars and dietary fat) as well as pharmacologic 
therapy with target serum triglyceride levels <200 mg/dL. 
Traditional lipid-lowering agents consist of Fibrates, Statin, 

Niacin, Omega-3 fatty acids. Newer pharmacological agents 
include ANGPTL3 inhibitors (Evinacumab), ApoC-III inhibitors 
(Volanesorsen), and Pemafibrate [13].

Conclusion
Attentive clinical observation may aid in diagnosing the 

etiology of RAP, which is not attributed to gallstones or alcohol.
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Table 4 Multinomial logistic regression

Year of 
publication Study

Age of the 
patient/ 
Gender

Triglyceride 
level Genetic study Risk factors Management

2024 K Patel et al [7] 56 years/ 
Male >8000mg/dL NA

Diabetes 
Mellitus, 

Hypertension

Management of acute pancreatitis; 
Statins; Fibrates

2022 G Arora et al [8] 28 years/ 
Male >3000mg/dL NA

Diabetes 
Mellitus, 

Hypertension

Management of acute pancreatitis; Statins; 
Fibrates; Niacin; Omega3

2022 A Poddar et 
al [9]

42 years/
Male 2560 mg/dL NA HTN Management of acute pancreatitis; insulin; 

Statins; Fibrates; Niacin; Omega3

2017 T Kazemi et al 
[10]

30 years/
Female 6140 mg/dL NA Diabetes 

Mellitus Management of acute pancreatitis; Insulin

2006 S I Gan et al [2] 28 years/ 
Male 479.9mg/dL NA None Management of acute pancreatitis; Statins; 

Fibrates
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