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Abstract 
Introduction: Sudden cardiac death is a leading cause of mortality worldwide and often occurs without prior warning, 
frequently in individuals with underlying heart. Despite advances in clinical diagnostics, many cases of sudden death remain 
unexplained until autopsy, underscoring the continued importance of histopathological evaluation. So, this review is aimed 
to assess the magnitude of histopathological Spectrum of Cardiovascular Lesions in Sudden Death. 
Materials and Methods: PubMed, Scopus, Web of Science, Google, and Google Scholar databases were searched for this 
analysis. The methodological quality was assessed using the Newcastle-Ottawa Scale. An inverse variance-weighted random-
effects model meta-analysis was performed to estimate the pooled magnitude of cardiac lesion. The I2 test statistic was used 
to check between-study heterogeneity, and the Egger's regression statistical test was used to check publication bias. A p-value 
of less than 0.05 used to declare statistical significance. 
Results: the included studies had good methodological quality. Most studies were conducted in Asia. The magnitude 
histopathological spectrum of cardiac lesions ranged from 3.8%-89.8%. Whereas the pooled magnitude of Cardiovascular 
Lesions in sudden death with a random-effects model was 54.8% (95% CI: 34.3-75.3). Based on the subgroup analysis result, 
the highest (63.3%; 95% CI: 3.86-122.8), I2 = 100.0%) seen in Europe and the lowest (49.9%; 95% CI: 21.5, 78.3), I2 = 
100.0%) seen in Asia. 
Conclusion: Despite significant heterogeneity across studies and regions, the overall findings demonstrate that cardiac lesions 
remain a major underlying contributor to sudden death, emphasizing the vital role of histopathological examination in 
determining the cause of death. Therefore, for early detection and treatment of heart disease are essential to prevent sudden 
death. 
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Introduction 

Sudden death is a natural death that occurs within 
hours after the onset of symptoms in an apparently 
healthy individual, and it is often an unexpected and 
unwitnessed event [1]. It occurs when the heart stops 
beating or fails to maintain adequate circulation to 
sustain life. Prior to death, some patients may 
experience warning symptoms such as dyspnea, 
edema, or chest pain [2,3]. 

A major subset of sudden death is sudden cardiac 
death (SCD), which is characterized by an abrupt and 
fatal collapse due to a rapid and disordered cardiac 
rhythm, typically occurring within one hour of 
symptom onset. SCD is a leading cause of mortality 
worldwide and often occurs without prior warning, 
frequently in individuals with underlying heart 
disease [4-7]. However, studies have shown that 
sudden death can also occur in individuals without 
previously diagnosed cardiovascular disease [8]. 
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The mechanisms of sudden cardiac death may be 
broadly classified into mechanical and electrical 
causes. Mechanical causes include conditions such as 
pulmonary thromboembolism, whereas electrical 
causes involve fatal arrhythmias or structural 
disruptions such as aortic dissection or cardiac 
rupture [9]. 
Histopathological examination is essential in 
identifying the underlying causes of sudden death, 
particularly in cases where clinical history is limited or 
absent [10,11]. An autopsy studies have confirmed 
that a wide range of cardiovascular lesions was 
associated with sudden death: including coronary 
artery disease, myocardial infarction, cardiomyopathy, 
and atherosclerotic coronary artery disease 
predominates as the leading cause [12-16]. 
Numerous autopsy-based studies showed the 
importance of histomorphological analysis in 
revealing previously undiagnosed cardiovascular 
conditions. Studies reported that a great proportion 
of sudden deaths were associated with unrecognized 
cardiovascular pathology, underlining the diagnostic 
value of postmortem investigations. Similarly, other 
study showed diverse histopathological findings 
ranging from ischemic heart disease to inflammatory 
and congenital cardiac lesions [17-20]. 
Understanding the histopathological spectrum of 
cardiovascular lesions in sudden death is essential for 
multiple reasons. It aids in accurate determination of 
cause of death, contributes to epidemiological data, 
and helps identify individuals at risk through 
recognition of underlying pathological patterns. 
Furthermore, such knowledge can guide preventive 
strategies, early diagnosis, and management of 
cardiovascular diseases in the general population [21-
23]. 
Despite advances in clinical diagnostics, many cases of 
sudden death remain unexplained until autopsy, 
underscoring the continued importance of 
histopathological evaluation. Therefore, systematic 
analysis of cardiovascular lesions in sudden death 
cases provides valuable insights into disease 
mechanisms and supports efforts to reduce mortality 
associated with cardiovascular conditions. 
 

Materials and Methods 

Study Design and Search Strategy 

In this systematic review and meta-analysis, the 
researchers utilized various databases, including 
PubMed, Scopus, Web of Science, Google, and 
Google Scholar. The Cochrane acronym POCC 

(population, Outcome, Condition, and Context) was 
employed to guide the retrieval of studies across 
different databases, using appropriate medical subject 
heading (MeSH) terms and Boolean operators “AND” 
and “OR”. The search terms included "sudden cardiac 
death" OR "sudden death" AND "cardiovascular 
lesions" OR "cardiac pathology” OR “cardiac change” 
AND "histopathology" OR "histological findings" OR 
“histo-morphological”. Additionally, manual 
searching and the references of retrieved articles were 
reviewed for further studies. This study findings were 
reported in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses 
(PRISMA) 2020 guidelines [24] (Supplementary File 
1). 

Eligibility Criteria 

• Study period- this study included studies 
published up to April 2026. 

• Study type- this study included all observational 
studies 

• Language -this study included studies published in 
all languages. 

• Population-This study included studies that were 
conducted among all age group. 

• The study included studies both published and 
unpublished articles conducted in globally in 
sudden death. 

• Review articles and studies that did not report the 
desired outcome will be excluded.  

Data Extraction 

After finalizing the searching, data extraction was 
done being pair. The extracted data was recorded in a 
Microsoft Excel 2013 spreadsheet and included the 
following information: author's name, publication 
year, study design, sample size, setting, and prevalence 
of cardiac lesion. 

Data Outcome 

The primary outcome of this review is to assess the 
histopathological spectrum of Cardiovascular Lesions 
in Sudden Death. 

Quality Assessment of Studies 

The researchers utilized the modified Newcastle-
Ottawa Scale (NOS) for cross-sectional studies to 
assess the quality of studies. The scale consists of three 
components: Selection, Comparatively and outcome 
assessment methods, with a total score of 10 points 
[25]. Studies that scored five or higher on the NOS 
were included in the analysis [26]. The quality 
assessment was independently conducted by the 
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authors, and any discrepancy in the result was 
resolved through careful examination of the studies 
by all authors together. 

Effect Measures 

Proportions were used to measure the effect for the 
prevalence of cardiac lesion. 

Data Analysis and Synthesis Methods 

After extracting the eligible studies, the data was 
exported to Stata software version 14 for analysis. A 
random-effect model was used due to heterogeneity of 
studies, which varied across factors such as study 
setting, patient’s characteristics, and different risks for 
the outcome. Heterogeneity among the studies was 
assessed using Higgin’s I2 to quantify between-study 
heterogeneity.  An I2 test statistics of < 50 was 
declared as low heterogeneity, 50-75% was moderate, 

and > 75% was high heterogeneity [27]. Subgroup 
analysis was conducted based on region. The funnel 
plot and Egger's test were utilized to check for 
publication bias; while sensitivity analyses were 
performed to assess robustness of the synthesized 
results.  
 

Results 

Study Selection and Characteristics 

The search strategy retrieved a total of 2902 published 
articles. After removing duplicates using reference 
management software, 2712 articles remained. 
Following further screening, 724 articles were assessed 
for eligibility. Out of these, 706 articles were excluded 
because they didn’t meet the inclusion criteria. At last, 
eighteen studies were included in the analysis (Figure 
1). 

 

 
Figure 1: PRISMA Flow Diagram of Study Selection for the Global Prevalence of Cardiovascular Lesions in Sudden 

Cardiac Death. 
 

All eighteen [28-45] had a total of 42,929 participants 
and had good methodological quality. The final 
sample size ranges from 7 [35]-16000 [37]. Most 

studies were conducted in Asia. The magnitude 
Cardiovascular Lesions ranged from 3.8 [43]-89.8 [42] 
(Table 1). 

 

Table 1: Characteristics of the included studies in the systematic review and meta-analysis. 
Authors 
Name 

Publicatio
n Year 

Study Area Study Design Sample 
Size 

Prevalence with 
95%CI 

Priya A, 2025 Indian Cross-Sectional 375 14.9(11.2-18.5) 
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Singh A 2023 Indian Retrospective 108 52.8(43.3-62.2) 
Patil S, 2021 Indian Retrospective 260 28.8(23.2-34.3) 

Fnon NF, 2021 Egypt Retrospective 535 78.5(75.0-81.9) 
Kulkarni A, 2025 Indian Retrospective 100 44.4(34.6-54.1) 
Godbole S, 2025 Indian Prospective 100 74(65.4-82.5) 
Nisha M, 2011 Indian Prospective 200 71(64.7-77.2) 

Nugraha G, 2021 Indonesia Retrospective 7 57.1(20.4-93.7) 
Yildiz A, 2020 Turkey Retrospective 128 65.6(57.3-73.8) 

Pigolkin YI, 2019 Russia Retrospective 16000 78.3(77.6-78.9) 
Belay M, 2019 India Retrospective 199 45.2(38.2-52.1) 
Sara N, 2016 Iran Cross-Sectional 2182 65(62.9-67.0) 

Straus SM, 2004 Netherlands Retrospective 4892 12(11.0-12.9) 
Naneix AL, 2015 France Retrospective 534 88.2(85.4-90.9) 

Radu I, 2024 Romania Retrospective 1618 89.8(88.3-91.2) 
Wang H 2014 China Retrospective 14487 3.8(3.4-4.1) 
Rao D, 2014 Kingston, Jamaica and Bangalore, India Retrospective 204 56.9(50.1-63.6) 

Di Maio VJ, 1991 USA Retrospective 1000 60.9(57.8-63….9) 
 

Histopathological Spectrum of Cardiovascular 
Lesions 

A DerSimonian and Laird random-effects model was 
fitted to determine the pooled effect size. 

Accordingly, the pooled magnitude of Cardiovascular 
Lesions with a random-effects model was 54.8% (95% 
CI: 34.3- 75.3) with heterogeneity index (I2) of 
100.0% (p < 0.001) (Figure 2). 

 

 
Figure 2: Forest Plot Showing the Global Pooled Prevalence of Cardiovascular Lesions in Sudden Cardiac Death. 

 

Heterogeneity and Publication Bias 

To adjust and minimize the reported heterogeneity of 
this study (I2=100.0%); we performed a subgroup 
analysis based on the region. Based on the subgroup 

analysis result, the highest (63.3%; 95% CI: 3.86-
122.8), I2 = 100.0%) and the lowest (49.9%; 95% CI: 
21.5, 78.3), I2 = 100.0%) seen in Europe and Asia 
respectively (Figure 3). 
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Figure 3: Subgroup Analysis of the Global Pooled Prevalence of Cardiovascular Lesions in Sudden Cardiac Death by 

Region. 
 

To identify the source of heterogeneity (I2=100.0%) 
meta-regression was conducted using sample size and 
year of publication as a covariate. It was indicated that 
there is effect of sample size on heterogeneity between 
studies with a P- value of 0.036. but year of 
publication 0.411 respectively. 
Furthermore, the presence of publication bias was 
assessed using Egger’s regression test and visual 

inspection of a funnel plot. Egger’s test did not 
demonstrate statistically significant evidence of 
publication bias (P = 0.051). However, visual 
inspection of the funnel plot suggested an 
asymmetrical distribution of studies. This asymmetry 
may reflect between-study heterogeneity or selective 
publication of results rather than true publication bias 
alone (Figure 4). 

 

 
Figure 4: Funnel Plot Assessing Publication Bias Among Included Studies. 

 

Sensitivity Analysis 

A sensitivity analysis was performed using a leave-one-
out approach, in which studies were sequentially 

removed to assess the influence of individual studies 
on the overall effect estimate. The results 
demonstrated that the exclusion of any single study 
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did not result in a significant change in the pooled 
magnitude, indicating that the findings were robust 

and not unduly influenced by any individual study 
(Figure 5). 

 

 
Figure 5: Sensitivity Analysis of the Global Pooled Prevalence of Cardiovascular Lesions in Sudden Cardiac Death. 

 

Discussion 

Sudden cardiac death represents a major global health 
problem and accounts for a substantial proportion of 
cardiovascular mortality worldwide. It is estimated 
that SCD contributes to approximately 15-20% of all 
deaths globally [46,47]. The incidence varies by 
region, and lowers in some developed countries [48]. 
Histopathological examination often reveals a wide 
spectrum of cardiovascular lesions. studies have 
reported that the major cause of sudden deaths show 
underlying cardiovascular lesions on postmortem 
examination, many of which were clinically silent 
during life [49]. 
The present meta-analysis revealed that the pooled 
magnitude of cardiovascular lesions in sudden death 
was 54.8% (95% CI: 34.3-75.3), indicating that more 
than half of sudden death cases are associated with 
identifiable cardiac pathology on histopathological 
examination. This finding is consistent with previous 
autopsy-based studies, which have reported that a 
substantial proportion of sudden deaths are 
attributable to underlying cardiovascular 
abnormalities, particularly Coronary artery disease, 
Ventricular arrhythmias and Cardiomyopathy 
[50,51]. 
Subgroup analysis in the current study revealed 
regional variation, with the highest magnitude 
observed in Europe (63.3%) and the lowest in Asia 
(49.9%). This variation may be explained by 
differences in the prevalence of cardiovascular risk 
factors such as hypertension, diabetes, obesity, and 

lifestyle patterns, which are generally higher in 
European populations. 
Furthermore, the observed heterogeneity (I² = 100%) 
suggests substantial variability across included studies. 
This may be due to several factors, including 
differences in study design, sample size, age 
distribution, and diagnostic criteria used for defining 
cardiovascular lesions. Differences in autopsy 
practices and the availability of advanced 
histopathological techniques across regions may also 
contribute to the inconsistency. In addition, genetic, 
environmental factors, healthcare access and early 
detection of cardiovascular diseases, may be a reason 
for variations in the regions. 
 

Conclusion 

Despite significant heterogeneity across studies and 
regions, the overall findings demonstrate that cardiac 
lesions remain a major underlying contributor to 
sudden death, emphasizing the vital role of 
histopathological examination in determining the 
cause of death. Therefore, for early detection and 
treatment of heart disease are essential to prevent 
sudden death. 

Limitation of The Study 

This systematic review and meta-analysis provided 
groundbreaking insights on histopathological 
findings in sudden death. However, there are certain 
limitations to be considered. First due to significant 
heterogeneity of studies, result should be interpreted 
with caution. Secondly, we encountered difficulties 
when comparing our findings due to the absence of 
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systematic reviews and meta-analyses on similar 
population groups. 
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