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ABSTRACT

Background: Asphyxial deaths remain a significant concern in forensic medicine due to their sudden,
often preventable nature and complex medico-legal implications. Understanding the demographic
profile, causes, and toxicological aspects of such deaths is crucial for effective prevention,
investigation, and policy-making.

Objective: To determine the frequency and types of poisons contributing to asphyxial deaths and
analyze their demographic, clinical, and postmortem patterns in medico-legal autopsies conducted in
the Rawalpindi and Islamabad region.

Methodology: This descriptive cross-sectional study was conducted at the Department of Forensic
Medicine and Toxicology, HBS Medical & Dental College, Islamabad, over a period of one year. A
total of 52 cases of asphyxial deaths confirmed via autopsy and toxicological analysis were included
using non-probability consecutive sampling. Detailed examination of demographics, manner of
death, autopsy findings, and toxicology reports was carried out. Data were analyzed using SPSS
version 25.

Results: Males constituted 73.1% of cases, with the highest frequency in the 31-45-years age group
(36.5%). Urban residents accounted for 59.6% of deaths. The majority (48.1%) were accidental,
followed by suicidal (32.7%) and homicidal (19.2%) deaths. External findings included cyanosis
(80.8%) and petechial hemorrhages (75%). Toxicological analysis revealed carbon monoxide
(32.7%) as the most common toxin, followed by organophosphates (15.4%), methanol (11.5%), and
cyanide (9.6%).
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Conclusion: Carbon monoxide, organophosphates, and methanol are major toxic agents in asphyxial
deaths, particularly among adult urban males. Strengthening occupational safety regulations and
public awareness can significantly reduce such preventable fatalities.

Keywords: Asphyxial deaths, carbon monoxide, toxicology, medico-legal autopsy,
organophosphates, methanol poisoning, cyanide

INTRODUCTION

Asphyxial deaths, defined as those resulting from inadequate oxygen supply to the body, represent a
critical forensic concern due to their multifactorial etiology and diagnostic challenges [1]. These
include mechanical causes (hanging, strangulation), chemical causes (carbon monoxide, cyanide
poisoning), and environmental causes (drowning, suffocation) [2]. Globally, asphyxial deaths account
for a substantial proportion of unnatural fatalities, and accurate postmortem diagnosis often depends
on a combination of scene investigation, autopsy findings, and laboratory analysis, particularly blood
gas and toxicological profiles [3].

In forensic medicine, blood gas analysis serves as a valuable tool to detect hypoxia, hypercapnia, and
metabolic acidosis—hallmarks of asphyxial processes [4]. Simultaneously, toxicological screening
helps identify substances like ethanol, narcotics, carbon monoxide, or organophosphates that may
induce or mimic asphyxia [5]. This combined analytical approach significantly enhances diagnostic
accuracy, especially in cases with minimal external findings [6].

Pakistan faces a significant burden of asphyxial deaths, many of which are misclassified or
underreported due to limitations in forensic capacity and postmortem investigations [7]. A study
conducted in Punjab from 2020 to 2022 reported a rising trend in hanging and strangulation cases,
often linked to domestic violence or suicide [8]. According to the Pakistan Bureau of Statistics (2022),
accidental and unnatural deaths, including those due to asphyxia, accounted for approximately 7.8%
of total deaths in the country, highlighting a growing public health concern [9]. Moreover, the forensic
infrastructure in many regions, including Islamabad, often lacks standardized protocols for blood gas
and toxicological testing, leading to gaps in the medico-legal system [10].

The research problem lies in the limited application of modern biochemical methods like arterial
blood gas (ABG) and toxicology in determining the cause of asphyxial deaths in Pakistan. In many
cases, traditional autopsy findings are relied upon without confirmatory laboratory diagnostics,
resulting in diagnostic inaccuracies and possible miscarriages of justice [11]. At HBS Medical &
Dental College, Islamabad, this study aims to address this gap by utilizing blood gas and toxicological
analysis to assess the physiological changes associated with different types of asphyxial deaths and
improve forensic interpretative accuracy [12].

Given the increasing suicide rates, substance misuse, and domestic violence cases in urban Pakistan
post-2020—further exacerbated by socioeconomic pressures and the COVID-19 pandemic—this
study is both timely and essential [13]. The findings are expected to provide crucial forensic evidence
and inform medico-legal protocols for accurate certification and legal processing of asphyxial deaths.

METHODOLOGY

This retrospective cross-sectional study was conducted in the Department of Forensic Medicine and
Toxicology, HBS Medical & Dental College, Islamabad, in collaboration with medico-legal data
obtained from the Forensic Unit of the District Headquarters (DHQ) Hospital, Rawalpindi. The study
spanned from January 2024 to December 2024.

A total of 52 asphyxial death cases were included in the study using purposive sampling. These cases
were selected from the archives of medico-legal autopsies and hospital mortality records based on
inclusion and exclusion criteria. Inclusion criteria were: (1) confirmed asphyxial deaths based on
clinical history, police inquest reports, and autopsy findings; (2) availability of preserved biological
samples (blood and viscera); and (3) availability of complete hospital or medico-legal records.
Exclusion criteria included decomposed bodies, unidentified corpses with no clinical history, and
cases with incomplete toxicological data or missing autopsy records.
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The cases were categorized into two groups: (1) Brought-in-dead (BID) cases (n = 22), and (2)
Hospital deaths (n = 30)-those admitted to healthcare facilities alive but expired due to suspected
asphyxial causes. The hospital deaths were further stratified into early (death within 24 hours of
admission) and delayed fatalities (death occurring after 24 hours, up to 45 days). For each case, a
comprehensive autopsy was conducted by qualified forensic medicine specialist. The procedure
involved a systematic external examination for signs such as cyanosis, petechial hemorrhages, facial
congestion, or ligature marks. Internal examination included a detailed inspection of the lungs,
trachea, hyoid bone, and neck muscles to detect congestion, edema, or hemorrhage typical of
mechanical asphyxia.

Blood samples were drawn from the femoral vein (when available) during autopsy and preserved in
fluoride oxalate tubes for blood gas and toxicological analysis. Blood gas parameters-including partial
pressures of oxygen (Pa0O:), carbon dioxide (PaCO:), blood pH, and bicarbonate (HCOs")-were
assessed using a portable blood gas analyzer within two hours of sample collection to minimize
postmortem changes. Tests included screening for common asphyxiants such as carbon monoxide
(COHb%), cyanide, methanol, and organophosphates, using gas chromatography (GC),
spectrophotometry, and enzyme-linked immunosorbent assay (ELISA) techniques, depending on the
compound. For suspected methanol toxicity, histological analysis of the optic nerve segment from
the optic chiasma was conducted to detect retinal edema or demyelination-a histopathological
hallmark of methanol poisoning.

Retrospective clinical data extracted included demographic profile, vital signs on admission (if
applicable), administered treatments, duration of hospitalization, and ultimate outcome. All data were
entered and coded into a secure SPSS version 25.0 database for analysis. Descriptive statistics such
as mean, standard deviation, and frequencies were calculated. Chi-square test was used to compare
toxicological and blood gas parameters between BID and hospital death groups. A p-value of <0.05
was considered statistically significant.

RESULTS

Out of the total 52 asphyxial death cases included in the study, the majority were males (73.1%) and
aged between 31-45 years (36.5%), followed by the 18-30 age group (26.9%) as shown in Table 1.
Most victims belonged to urban areas (59.6%), indicating a higher burden of asphyxial incidents in
city environments

TABLE 1: Demographic Characteristics of Asphyxial Deaths (N =52)

Variable | Frequency (n) | Percentage (%)
AGE GROUP (YEARYS)

18-30 14 26.9%
31-45 19 36.5%
46-60 11 21.2%
>60 8 15.4%
GENDER

Male 38 73.1%
Female 14 26.9%
RESIDENCE

Urban 31 59.6%
Rural 21 40.4%

As per Table 2, hospital deaths constituted a higher proportion (57.7%) compared to brought-in-dead
(BID) cases (42.3%). Among the hospital deaths, 34.6% died after 24 hours of admission (delayed
deaths), while 23.1% expired within 24 hours (early deaths). The majority of cases were accidental
in nature (48.1%), followed by suicidal (32.7%) and homicidal deaths (19.2%).
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TABLE 2: Type And Manner Of Death (N =52)

Variable | Frequency (n) | Percentage (%)
CASE CATEGORY

Brought-in-Dead (BID) 22 42.3%

Hospital Death 30 57.7%

Early (<24 hours) 12 23.1%

Delayed (>24 hours—45 days) 18 34.6%
MANNER OF DEATH

Accidental 25 48.1%

Suicidal 17 32.7%
Homicidal 10 19.2%

External autopsy findings (Table 3) revealed that cyanosis (80.8%) and petechial hemorrhages
(75.0%) were the most frequent signs, reinforcing the hypoxic mechanism of death. Facial congestion
was noted in 69.2% of cases, while ligature marks were found in 28.8%, suggesting strangulation in
a subset of cases. Neck muscle hemorrhage was observed in 34.6% of victims, consistent with forceful
mechanical asphyxia.

TABLE 3: External Autopsy Findings (N = 52)

Finding Frequency (n) | Percentage (%)
Cyanosis 42 80.8%
Petechial Hemorrhages 39 75.0%
Facial Congestion 36 69.2%
Ligature Marks 15 28.8%
Neck Muscle Hemorrhage 18 34.6%

Blood gas analysis results in Table 4 revealed that low PaO- and high PaCO. were present in 78.8%
of the total cases, indicating significant hypoxemia and hypercapnia. Low pH (<7.2) was seen in
69.2% and decreased bicarbonate levels (HCOs") were observed in 61.5% of cases. These
derangements were more pronounced in BID cases than in hospital deaths, suggesting more acute and
severe asphyxial events in those who died before reaching the hospital.

TABLE 4: Blood Gas Analysis Results by Case Type (N =52)

Parameter BID (n=22) | Hospital Deaths Total Abnormal
(n=30) (n=52)

Low PaO» 19 (86.4%) | 22 (73.3%) 41 (78.8%)

High PaCO: 17 (77.3%) | 24 (80%) 41 (78.8%)

Low pH (<7.2) 15 (68.2%) | 21 (70%) 36 (69.2%)

Low HCOs~ 14 (63.6%) | 18 (60%) 32 (61.5%)

Toxicological findings in Table 5 showed that carbon monoxide poisoning was the most common
toxidrome (32.7%), with a higher incidence among BID cases (40.9%). Methanol and
organophosphate poisonings were detected in 11.5% and 15.4% of cases, respectively. Cyanide was
confirmed in 9.6% of deaths. Notably, 30.8% of the cases showed no detectable toxin, indicating
either mechanical or anoxic asphyxia unrelated to toxic exposure.

TABLE 5: Toxicological Findings by Case Type (N =52)

Substance Detected BID (n =22) Hospital Deaths (n = 30) | Total Cases (n=52)
Carbon Monoxide (CO Hb>10%) 9 (40.9%) 8 (26.7%) 17 (32.7%)
Cyanide 2(9.1%) 3 (10%) 5 (9.6%)

Methanol 4 (18.2%) 2 (6.7%) 6 (11.5%)
Organophosphates 3 (13.6%) 5 (16.7%) 8 (15.4%)

No Toxin Detected 4 (18.2%) 12 (40%) 16 (30.8%)
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DISCUSSION

This study offers a detailed examination of asphyxial deaths in Islamabad and Rawalpindi, showing
a demographic and pathological pattern similar to national and global trends. The predominance of
male victims (73.1%) and the highest incidence in the 31-45 age group (36.5%) reflects findings from
a regional study conducted in Hyderabad, Pakistan, where adult males were significantly more
affected by asphyxial fatalities [14]. Similar demographic distributions were reported in Peshawar,
where the majority of cases also involved middle-aged males from urban backgrounds [15].

Urban settings were responsible for 59.6% of cases in this study, suggesting a link between asphyxial
death and urban environmental and occupational hazards. This aligns with international data
indicating higher asphyxial mortality in densely populated or industrialized zones [16].Accidental
deaths were most frequent (48.1%), followed by suicidal (32.7%) and homicidal (19.2%) cases. These
findings echo prior research from Pakistan and other South Asian regions, where accidental and
suicidal asphyxial deaths, particularly due to chemical exposure or hanging, are common [17].
Characteristic external signs—such as cyanosis (80.8%), petechial hemorrhages (75.0%), and facial
congestion—were noted in the majority of cases. These signs are widely acknowledged in forensic
pathology as classic indicators of hypoxic death and have been consistently documented across
multiple studies [18].Blood gas analysis provided valuable physiological evidence. Abnormally low
Pa0O. and elevated PaCO: levels were observed in 78.8% of cases, consistent with the
pathophysiology of respiratory compromise due to hypoxia [19].

Among toxicological findings, carbon monoxide (CO) was the most frequently detected toxin
(32.7%). This supports international epidemiological findings: theGlobal Burden of Disease Study
2021 estimated over 28,900 deaths globally from unintentional CO poisoning in 2021 [20]. In
Pakistan, industrial workers and urban residents are particularly vulnerable, with documented
elevated carboxyhemoglobin levels among exposed populations [21].Methanolwas found in 11.5%
of cases—an alarming figure given methanol’s presence in adulterated or counterfeit alcohol. Similar
outbreaks have been reported in Iran, where methanol poisoning remains a significant public health
issue among youth and low-income populations [22]. Recent global media coverage has highlighted
methanol-related deaths in tourist destinations as well, raising international awareness [23].
Organophosphate poisoning accounted for 15.4% of asphyxial deaths in this cohort.
Organophosphates, widely used in agriculture, are often consumed in deliberate self-harm.
Nationally, they are the most common cause of chemical suicide attempts, with high rates of
morbidity and mortality [24]. A study from Karachi found acute kidney injury and cardiac changes
as frequent complications of organophosphate poisoning, particularly in young adults
[25,26].Interestingly, cyanide was identified in 9.6% of the toxicology-confirmed cases. Cyanide
toxicity, although less frequent, can occur via smoke inhalation or industrial exposure. This reinforces
the importance of robust industrial safety protocols and fire hazard awareness [27].

CONCLUSION

This study highlights that asphyxial deaths in Islamabad and Rawalpindi are predominantly
accidental, affect males in the working-age group, and are more common in urban settings. Most
victims exhibit classical autopsy findings of hypoxia and blood gas abnormalities consistent with
asphyxia. Carbon monoxide was the leading toxicological cause, especially in BID cases.
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