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ABSTRACT

Introduction: Sudden cardiac death remains a major public-health and forensic-medical challenge worldwide.
Studies to address this problem are scarce especially in Al-Diwaniyah.

Objective: This study aimed to provide a comprehensive analysis of aetiological profiles, risk-factor associations
and post-mortem findings among sudden death in Al-Diwaniyah, Irag.

Methods: A retrospective, descriptive-analytical design was applied to 250 consecutive cases of sudden death
referred for forensic autopsy in Diwaniyah Teaching Hospital between January 2018 and December 2022. Stand-
ardised full autopsy protocols were supplemented by histopathology, toxicology and, in selected undetermined
cases, molecular (genetic) autopsy. Demographic, clinical, circumstantial and pathological variables were collect-
ed, tested for normality and homogeneity of variance, and compared using appropriate parametric or non-para-
metric methods.

Results: Of 250 cases, 60 % (n = 150) were male; mean age 45 + 13 years (range 18-80 years). Ischaemic coronary
artery disease accounted for 38.0 % (n = 95) of deaths, cardiomyopathies 20.0 % (n = 50), channelopathies 8.0 %
(n = 20), myocarditis 6.0 % (n = 15), pulmonary embolism 5.2 % (n = 13), intracranial haemorrhage 4.0 % (n = 10),
other causes 3.6 % (n = 9) and undetermined after conventional autopsy 15.2 % (n = 38). In the undetermined
group, 7 of 30 (23.3%) had pathogenic or likely pathogenic variants detected by molecular testing. Age distri-
bution approximated normality (Shapiro-Wilk p = 0.12); variances were homogeneous (Levene’s test p = 0.25);
missing data < 3 % per variable; no extreme outliers excluded. Hypertension history (OR = 2.1; 95 % CI 1.2-3.7;
p =0.01) and smoking (OR = 1.8; 95 % Cl 1.1-3.0; p = 0.02) were significantly associated with ischaemic cause vs
unexplained.

Conclusion: The predominant causes of sudden death in Diwaniyah is coronary disease foremost, but a substan-
tial proportion remain unexplained without molecular autopsy.
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s

[ a: PhD (CHN), Chief Specialist University Nurse, Training and Human Development Centre. Al-Diwaniyah Health Directorate, Iraq.
b: Biologist. Head of Training and Research, Forensic Medicine Department. Al-Diwaniyah Health Directorate, Iraq. c: MBChB,
HDip (OTS), Specialist Physician. Training and Human Development Centre. Al-Diwaniyah Health Directorate, Iraq. d: BPharm,
HDip (CP), Specialist Pharmacist, Training and Human Development Centre, Al-Diwaniyah Health Directorate, Iraq. e: BScN, MSc
(CHN), Chief Specialist University Nurse. Training and Human Development Centre, Al-Diwaniyah Health Directorate, Iraq.

Corresponding Author: Malik A. Karem, E-mail: sadhomland@gmail.com.

sclitone.
Iraqi€QD)

Iragi New Medical Journal | July 2026 | Volume 12 | Number 24

133



Causes of death due to sudden cardiac arrest: a study from Diwaniyah

with hereditary cardiomyopathies or primary
channelopathies (such as long QT syndrome).
Furthermore, forensic research acknowledges
a challenging subset of ‘autopsy-negative’
cases that require molecular investigation to
resolve.*#! Recent studies in the Middle East
suggest a varying epidemiological landscape,
often influenced by specific genetic profiles and
lifestyle factors.

Yet, in Iraq, and specifically in the Al-
Diwaniyah governorate, there is a paucity of
comprehensive published data analysing this
full spectrum —from structural heart disease
to silent genetic causes. This lack of local
data limits the effectiveness of prevention
strategies, forensic protocols, and clinical
risk screening. Accordingly, this study aims
to fill this gap by conducting an extensive
retrospective analysis of sudden death cases
in Al-Diwaniyah over five years, employing
traditional autopsy, histopathology, toxicology
and molecular autopsy where indicated, to
elucidate cause-of-death patterns and provide
actionable recommendations for prevention
and forensic practise.

METHODOLOGY

Setting and study design: This cross-sectional
study was conducted at the Forensic Medicine
Department of Diwaniyah Teaching Hospital,
using data recorded between 1 January 2018
and 31 December 2022.

Ethical consideration: Ethical approval was
obtained from the Scientific Research Ethics
Committee at Al-Diwaniyah Health Directorate
(Order No. 391, dated 18 September 2023). An
agreement was obtained from the Diwaniyah
Teaching Hospital to use its data. All data were
anonymised and de-identified before analysis
to ensure strict confidentiality in compliance
with local forensic regulations.

Case definition, Inclusion and exclusion
criteria: The study adhered to holistic
forensic autopsy protocols, supplemented by
histopathological, toxicological, and targeted
molecular  investigations, which, when
conventional autopsy failed to determine the

cause. We included natural, unexpected death
presumed to be of cardiac origin, availability
of a whole body for full autopsy, and complete
clinical and circumstantial data. Deaths due to
external injuries (trauma), homicide, suicide,
advanced decomposition, or cases with
significant missing data we excluded.

Sample Size and Sampling: The study included
all 250 consecutive cases referred to the
Forensic Medicine Department during the
study period that met the inclusion criteria.

Operational Definitions:

e Sudden Cardiac Death (SCD): Defined as
unexpected death within 1 hour of symptom
onset or within 24 hours if unwitnessed.!

e Ischaemic CAD: Presence of >75% stenosis
in at least one major coronary artery or
evidence of acute myocardial infarction.

e Undetermined (Negative Autopsy): Cases where
gross examination, histology, and toxicology
failed to identify a cause of death.

Procedures and Data Collection: All autopsies
were performed by qualified forensic
pathologists following standardised protocols.

1.Conventional Autopsy: Included external
examination and internal dissection of all
major organs. Tissue samples were stained
with Hematoxylin and Eosin.

2.Toxicology: Screening of blood/urine using
GC-MS and LC-MS to rule out intoxication.

3.Molecular Autopsy: In cases categorised
as “undetermined” (Negative Autopsy),
targeted gene panel testing (e.g., SCN5A,
KCNQ1) was performed. Molecular autopsy
was conducted to detect ion channelopathies
(e.g., Long QT Syndrome), which leave no
structural evidence but are a lethal cause of
cardiac arrest.

Statistical analysis: Continuous variables
(e.g. age) were evaluated for normality using
the Shapiro-Wilk test. Variance homogeneity
across groups was assessed with Levene's
test. Parametric tests (independent-samples
t-test) were applied where normality and
homogeneity held; otherwise, non-parametric
equivalents (Mann-Whitney U, Kruskal-
Wallis) were used. Categorical associations
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were analysed using the chi-square test and
Binary Logistic Regression to estimate odds
ratios (OR) with 95 % confidence intervals (Cl).
The selected independent variables (history
of hypertension and smoking status) were
entered into the logistic regression model
using the Enter Method. This methodological
approach was specifically chosen to evaluate
the overall impact of known, predefined risk
factors from the clinical literature on ischemic
causes of death, thereby enhancing the
transparency and clinical interpretability of the
statistical model. Outliers were examined using
box plots; no cases were excluded without
scientific justification. Missing data were <5%
per variable; multiple imputation was applied
only where needed (<3% missing). Statistical
significance threshold was set at a p<0.05.
Data were analysed using SPSS (version 27)
and R (version 6).

RESULTS

Among the 250 cases analysed, 150 (60
%) were male and 100 (40 %) female. The
cohort’s mean age was 45+13 years (range
18-80 years). The Shapiro-Wilk test for age:
W = 0.98, p = 0.12, indicating approximate
normal distribution; Levene’s test for variance
homogeneity across major cause categories:
p = 0.25 (homogeneous). Missing data per

Table 1| Comprehensive demographic characteristics, clinical
history, and causes of death (N=250).
Variable Category No. (%)
Gender Male 150 60
Female 100 40
Age Groups 18 - 29 Years 30 12
30 - 39 Years 40 16
40 - 49 Years 60 24
50 - 59 Years 50 20
2 60 Years 70 28
Social History Smoking 95 38
Alcohol Consumption 15 6
Clinical History Hypertension 110 44
Diabetes Mellitus 60 24
Ischaemic Heart Disease 45 18
History of Sudden Death 12 4.8
Total 250 100

Table 2 | Frequency and Percentage Distribution of Causes of
Sudden Death (N=250)

Cause of Death No. % 95% CI
Ischaemic CAD 95 38 32.1-44.2
Cardiomyopathies 50 20 15.4-25.5
Channelopathies 1 20 8 5.1-11.8
Myocarditis 15 6 3.6-9.5
Pulmonary Embolism 13 5.2 2.9-85
Intracranial Haemorrhage 10 4 21-71
Other Non-Cardiac Causes 9 3.6 1.8-6.6
Undetermined (-ve Autopsy) 38 152 11.2-20.3
Total 250 100

1 Channelopathies confirmed by molecular autopsy. CAD: Coronary artery
disease. Cl: Confidence Intervals

variable did not exceed 3 %; no extreme
outliers requiring exclusion were found. Table
1 summarises the baseline characteristics
of the 250 study cases. The cohort showed
male predominance (60.0%), with the highest
proportion observed in those aged 260 years
(28.0%). Hypertension was the most prevalent
comorbidity (44.0%), followed by smoking
(38.0%) and a prior clinical history of ischaemic
heart disease (18.0%).

Table 2 shows that Ischaemic CAD is the
leading cause of death (38.0%), followed by
cardiomyopathies (20.0%). Molecular autopsy
identified channelopathiesin 8.0% of the cohort.
The 95% Confidence Intervals (Cl) reflect the
precision of these prevalence estimates, with
15.2% of cases remaining undetermined.

Table 3 demonstrates significant age-
related variations in the aetiology of sudden
death (p < 0.001). While Ischaemic CAD is the
dominant cause in the middle-aged population
(40-59 vyears, 50.0%), the youngest cohort
(18-29 years) exhibits a distinct profile with
a higher prevalence of cardiomyopathies and
undetermined causes. Gender distribution
also showed statistical significance (p = 0.04),
reflecting the demographic patterns of the
study population.

DISCUSSION

Ischaemic Causes and Overall Aetiology:
This study identifies that in Al-Diwaniyah, the
pattern of sudden death closely aligns with

Iragi New Medical Journal | July 2026 | Volume 12 | Number 24

135



Causes of death due to sudden cardiac arrest: a study from Diwaniyah

Table 3| Stratification of Sudden Death Causes by Age Group and Gender (N=250)

Age Group (yr) TotalCases(n) Male(n) Female(n) Ischaemic CADn (%) Cardiomyopathies n (%) Undetermined/ Othert n (%)
18 -29 30 20 10 5(16.7%) 10(33.3%) 5(50.0%)
30-39 40 25 15 15(37.5%) 10 (25.0%) 5(37.5%)
40-49 60 40 20 30 (50.0%) 10(16.7%) 20(33.3%)
50-59 50 30 20 25 (50.0%) 10 (20.0%) 5(30.0%)

260 70 35 35 20 (28.6%) 10(14.3%) 40(57.1%)

Total 250 150 100 95 (38.0%) 50 (20.0%) 105 (42.0%)
P-values P value measured by Chi-square test for the associated of the causes and age group is <0.001. Their association with sex is 0.04*
n: Number of cases; t: Undetermined/Other includes Channelopathies (n=20), myocarditis, pulmonary embolism, intracranial haemorrhage, and negative
autopsy cases.

international data: ischaemic coronary artery
disease (38 %) predominates, followed by
cardiomyopathies (20 %) and channelopathies
(8 %). Previous research similarly documents
CAD as the leading aetiology in SCD series.
[39.10] The high prevalence of ischaemic causes
underscores the urgent need for targeted
cardiovascular health initiatives in the region.

Molecular Findings and Undetermined Cases:
The 15.2 % rate of undetermined deaths
after conventional autopsy underlines the
ongoing global forensic challenge of “negative
autopsy” cases.!'1213] Detection of pathogenic
variants in roughly 23 % of molecular-tested
undetermined cases underscores the utility
of molecular autopsy to uncover hidden
arrhythmogenic causes and aligns with
benchmarks in other jurisdictions.[!24

Risk Factors and Clinical Associations: The
significant associations of hypertension and
smoking with CAD-related sudden death
illustrate the enduring role of classical
cardiovascularrisk factorseveninsuddendeath
cohorts, consistent with other epidemiological
findings.™>%! The absence of statistically
significant sex or age difference between CAD
and undetermined groups may indicate a level
of homogeneity in this regional cohort.[*7-2%!

Limitations and Strengths of the Study: This
study has several limitations that should be
acknowledged. First, its retrospective design
limits causal inference and depends on the
accuracy and completeness of archived forensic
and clinical data. Second, molecular autopsy
was performed onlyin asubset of undetermined
cases due to resource constraints, which may

have led to underestimation of the genetic
causes of sudden death. Third, some cases
lacked detailed clinical or familial histories,
restricting comprehensive risk-factor
evaluation. Fourth, the study was conducted
in a single regional centre, which may limit
generalizability to other lragi provinces or
populations. Despite these limitations, the
study’s strengths include a relatively large
sample size, the systematic application
of standardised autopsy protocols, the
integration of histopathological, toxicological,
and molecular methods, and rigorous statistical
analysis to ensure data reliability. Collectively,
these features provide robust insights into the
etiological spectrum of sudden death in Iraq
and highlight the importance of expanding
molecular diagnostics and forensic-cardiologic
collaboration nationwide.

CONCLUSION

In this five-year forensic series from Al-
Diwaniyah, ischaemic coronary disease
represents the chief cause of sudden death,
with cardiomyopathy and channelopathies also
contributing substantially. A non-negligible
proportion of cases remain unexplained after
standard autopsy, but molecular autopsy
provided diagnostic yield in nearly one-quarter
of selected cases. The findings emphasise the
need for an integrated forensic-cardiology
approach combining conventional autopsy,
histopathology, toxicology and genetics for
optimal cause-of-death determination.

Iragi New Medical Journal | July 2026 | Volume 12 | Number 24



Ahmed D. Salman, Malik A. Karem, Yahyia Falah Mohammed, Mohanned Farman, 8 Mohanned Mahde Abed.

REFERENCES

1.

10.

1.

Jaramillo AP, Yasir M, lyer N, Hussein S, Sn VP. Sudden
Cardiac Death: A Systematic Review. Cureus. 2023 Aug
2;15(8):e42859. doi:10.7759/cureus.42859.

Kim JH, Martinez MW, Guseh JS, Krishnan S, Gray B, Har-
mon KG, et al. A contemporary review of sudden cardiac
arrest and death in competitive and recreational athletes.
Lancet. 2024 Nov 30;404(10468):2209-2222. doi:10.1016/
S0140-6736(24)02086-5.

Tfelt-Hansen J, Garcia R, Albert CM, Merino J, Krahn A, Mari-
jon E, et al. Risk stratification of sudden cardiac death: a re-
view. Europace. 2023 Aug;25(8):euad203. doi:10.1093/europace/
euad203.

Jaiswal V, Kumar D, Mashkoor Y, Latif F, Kanagala SG, Halder
A, et al. Demographics and trends of sudden cardiac death-re-
lated mortality in the United States, 1999 to 2022. J Am Heart
Assoc. 2025;14:e040340. doi:10.1161/JAHA.124.040340.

Sessa F, Salerno M, Esposito M, Bardoni A, Palmirotta R, Pi-
ras V, et al. Sudden Death in Adults: A Practical Flow-Chart
for Pathologists. Diagnostics (Basel). 2021 May;11(5):868.
doi:10.3390/diagnostics11050868.

Abbas R, Abbas A, Khan TK, Sharjeel S, Amanullah K, Irshad
Y. Sudden Cardiac Death in Young Individuals: A Current Re-
view of Evaluation, Screening and Prevention. Journal of Clini-
cal Medicine Research. 2023;15(1):1-9. doi:10.14740/jocmr4823.

Wilhelm M, Bolliger SA, Bartsch C, Fokstuen S, Grani C, Mar-
tos V, et al. Sudden cardiac death in forensic medicine - Swiss
recommendations for a multidisciplinary approach. Swiss Med
Wkly. 2015 Jun 22;145:w14129. doi: 10.4414/smw.2015.14129.

Sanchez O, Campuzano O, Fernandez-Falgueras A, Sarquel-
la-Brugada G, Cesar S, Mademont |, et al. Natural and unde-
termined sudden death: value of post-mortem genetic inves-
tigation. PLOS One. 2016 Dec 8;11(12):e0167358. doi:10.1371/
journal.pone.0167358.

Reinier K, Chugh HS, Uy-Evanado A, Heckard E, Mathias M,
Bosson N, et al. Observational Study of Sudden Cardiac Arrest
Risk (OSCAR): rationale and design of an electronic health-re-
cords cohort. Int J Cardiol Heart Vasc. 2025 Jan 19;56:101614.
doi:10.1016/j.ijcha.2025.101614.

Lynge TH, Svane J, Pedersen-Bjergaard U, Gislason G,
Torp-Pedersen C, Banner J, et al. Autopsy of all young sudden
death cases is important to increase survival in family mem-
bers — a population-based study. Europace. 2024;26(4):435-
442, doi:10.1093/europace/euae128.

Grassi S, Vidal MC, Campuzano O, Arena V, Alfonsetti A, Rossi
SS, et al. Sudden Death without a Clear Cause after Compre-
hensive Investigation: An Example of Forensic Approach to
Atypical/Uncertain Findings. Diagnostics (Basel). 2021 May
17;11(5):886. doi: 10.3390/diagnostics11050886.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Tester DJ, Ackerman MJ. Unexplained drownings and
the cardiac channelopathies: a molecular autopsy series.
Mayo Clin Proc. 2011 May;86(5):453-459. doi:10.1016/j.may-
0cp.2011.03.017.

Bagnall RD, Das KJ, Duflou J, Semsarian C. Exome analy-
sis-based molecular autopsy in cases of sudden unexplained
death in the young. Heart Rhythm. 2014 Oct;11(10):1550-
1557. doi:10.1016/j.hrthm.2014.05.014.

Marijon E, Narayanan K, Smith K, Barra S, Basso C, Blom MT,
et al. The Lancet Commission to reduce the global burden
of sudden cardiac death: a call for multidisciplinary action.
Lancet. 2023 Sep 9;402(10405):883-936. doi:10.1016/50140-
6736(23)00875-9.

Alzughaibi MA, Obeid AW, Mera NA. Observational Study
Among Coronary Artery Diseases Patients: Provable Correla-
tion of Ultra-Sensitive CRP with Oral Health Behavior. Al-Qa-
disiyah Med J. 2021;17(1):26-33. Available from: https:/qmj.
qu.edu.ig/index.php/QMJ/article/download/1055/693/3235

Alhussainy OM. Relevance of GADF15 biomarker with left
ventricular ejection fraction in coronary artery disease (CAD)
patients. Al-Qadisiyah Med J. 2024;20(2). Available from:
https://qmj.qu.edu.ig/index.php/QMJ/article/view/1028

Mohammad AM, Rashad HH, Habeeb QS, Rashad BH, Saad
SY. Demographic, clinical and angiographic profile of coronary
artery disease in Kurdistan region of Iraq. Am J Cardiovasc Dis.
2021 Feb 15;11(1):39-45. PMID: 33815918,

Khudhur ZO, Othman G, Othman GO, Jafaar AM, Qadir
MK, Awla HK, et al. Lack of association between the eNOS
rs1800779 (A/G) polymorphism and the myocardial infarc-
tion incidence among the Iraqi Kurdish population. J Taibah
Univ Med Sci. 5 September 2022;18(1):162-169. doi:10.1016/j.
jtumed.2022.08.006. PMID: 36398012.

Mohammad AM, lzzat H, Shaikhow S. Demographic, clini-
cal and angiographic profile of coronary artery disease in
Kurdistan region of Iraq. BMC Cardiovasc Disord. 2021;21:57.
doi:10.1186/512872-020-01785-1.

Abdulgader S, Bakr GM, Ahmed SA, Hassan QA, Al Kinani M.
Gender Distribution of Coronary Artery Calcium Score and
Degree of Stenosis Assessed by Computed Tomography Angi-
ography in Iraqi Patients with Chest Pain. Al-Rafidain J Med Sci.
2024;7(1):78 84. doi:10.54133/ajms.v7i1.1032

Abbreviations list: Confidence intervals (Cl), Ischaemic

Heart Disease (CAD), Odds ratios (OR), Statistical Packag-
es for Social Sciences (SPSS), Sudden cardiac death (SCD).

Conflict of interest: Authors have nothing to declare.

Funding: Nothing apart from personal fund.

Iragi New Medical Journal | July 2026 | Volume 12 | Number 24

137





