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ABSTRACT

Background: Aluminum phosphide (AIP) poisoning is a major public health concern in South Asia due to its high mortality and lack of specific
antidote. This study evaluates prognostic factors influencing outcomes in AIP poisoning cases. Methods: A hospital-based observational study was
conducted at SMS Medical College, Jaipur, India, from January 2023 to December 2024, involving 105 patients aged >18 years with confirmed AIP
poisoning. Patients with unclear diagnoses, multisubstance ingestion, or chronic illnesses were excluded. Data on demographic, clinical,
laboratory, and toxicological variables were collected, including APACHE-II scores, arterial blood gas, ECG, and serum electrolytes. Outcomes
included mortality, ICU admission, and vasopressor requirements. Statistical analyses used Chi-square, unpaired t-tests, ANOVA, logistic
regression(p<0.05 significant). Results: The mortality rate was 82%, with 18% survival. Young adults (2040 years, 56.2%) and males (66.7%)
were predominantly affected. Common symptoms included nausea/vomiting (85.7%), abdominal pain (71.4%), and hypotension (52.4%).
Metabolic acidosis (66.7%), ARDS (47.6%), and acute renal injury (39%) were frequent. Delayed admission (>4 hours) was associated with 100%
mortality (p=0.001), while treatment within 2 hours improved survival (p=0.001). APACHE-II scores >20 predicted 96% mortality (p=0.001) and
correlated with longer hospital stays (r=0.73, p=0.001). Higher tablet ingestion (2.87 vs. 1.05, p=0.01), fresh tablets (p=0.01), and absence of
immediate vomiting (p=0.01) increased mortality. ICU admission (68.6%) and vasopressor use (55.2%) were common. Conclusion: AlP
poisoning has a high mortality rate, driven by delayed admission, higher APACHE-II scores, and fresh tablet ingestion. Early intervention (<2
hours) and immediate vomiting improve survival. APACHE-II scoring is a reliable prognostic tool. Restricting AIP access and exploring novel
therapies are urgent needs to reduce mortality.
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INTRODUCTION

Aluminum Phosphide (AIP), commonly known as “wheat pill” or “rice
pill,” is a widely used rodenticide in agricultural countries like India,
Pakistan, and Nepal to protect stored grains.' Its accessibility and high
toxicity make AIP poisoning a significant public health issue in South
Asia, contributing to numerous suicidal and accidental poisonings
with mortality rates often exceeding 50%." AP, available as 3-g tablets
(e.g., Celphose, Quickphos), releases lethal phosphine gas (PH3) upon
contact with stomach acid or atmospheric moisture.” This gas is rapidly
absorbed, causing severe symptoms within minutes, including
vomiting, resistant hypotension, metabolic acidosis, myocardial
suppression, and acute respiratory distress syndrome (ARDS). No
specific antidote exists, making aggressive supportive care critical for
survival.'

Phosphine disrupts cellular function by inhibiting mitochondrial
cytochrome c oxidase, inducing oxidative stress, and forming reactive
hydroxyl radicals. This leads to lipid peroxidation, protein
denaturation, and reduced ATP production, causing cell necrosis,
particularly in cardiomyocytes, resulting in refractory myocardial
depression and arrhythmias. ECG changes, such as ST segment
alterations and bundle branch blocks, are common, alongside
biochemical markers like elevated aspartate transaminase (AST),
creatine phosphokinase-MB (CPK-MB), and lactate dehydrogenase
(LDH).’ Histopathology reveals myocytolysis and necrosis.
Hypomagnesemia may exacerbate arrhythmias, with magnesium
sulfate suggested as a therapeutic option. Experimental treatments,
including N-acetylcysteine, melatonin, and coconut oil, show
potential in mitigating oxidative damage but lack clinical validation.’

A=P
t—:hl ."'.
|”/
|

- Mechanisms of tovicin

Phosphine

[ Hla
I/ \ \ Ry
/: /. | '\ H }_{

Early symprams:

Fig. 1. Pathophysiology of aluminum phosphide (AIP) intoxication.
After ingestion, AP reacts with stomach acid and releases phosphine
(PH,) gas. PH, reaches the heart through the systemic circulation and

causes myocardial cell death and arrhythmias.’

The absence of a definitive antidote necessitates supportive measures
like intra-aortic balloon pumps or extracorporeal membrane
oxygenation (ECMO).” Despite such interventions, mortality remains
high (30-100%), even in advanced care settings." AIP's easy
availability and lack of regulatory control exacerbate its misuse,
raising concerns about its potential as a chemical terrorism agent.”
Prognostic tools like the Acute Physiology and Chronic Health
Evaluation IT (APACHE II) and Sequential Organ Failure Assessment
(SOFA) scores are used to predict outcomes in AIP poisoning."

This study evaluates prognostic factors, including personal,
toxicological, clinical, and laboratory variables, to better predict
mortality and guide management in AIP-poisoned patients admitted to
SMS Medical College and Hospital, Jaipur.

Study Objectives was:

1. To assess the prognostic factors determining morbidity and
mortality in ALP poisoning

2. To assess the clinical severity of ALP poisoning by using
APACHE-IIscore.

Study Setting and Design

This hospital-based observational study was conducted in the
Department of Medicine, SMS Medical College and Hospital, Jaipur,
Rajasthan, India, from January 2023 to December 2024. The study
universe comprised all patients admitted to the emergency department
with aluminum phosphide (AIP) poisoning.

Sample Size

A sample size of 105 patients was calculated at a 95% confidence level
with an alpha error of 0.05, expecting a significant predictor of
mortality based on prior literature, with 80% study power.

Inclusion Criteria
» Patientsaged>18 years who consumed AIP.
» Patients orrelatives providing written informed consent.

Exclusion Criteria
» Patients with unclear poisoning diagnosis.
«  Patients with multisubstance ingestion.
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»  Patients with pre-existing chronic illnesses.

ETHICAL CONSIDERATIONS

The study protocol was approved by the Institutional Research Review
Board (RRB) and the Institutional Ethics Committee of SMS Medical
College, Jaipur. Permissions were obtained from the Head of the
Department of Medicine. Written informed consent was secured from
participants after explaining the study's purpose, benefits, risks, and
public health significance. A participant information sheet with contact
details for the responsible investigator was provided. Participant
identities were kept confidential through anonymous data entry,
ensuring no disclosure in reports.

Study Tools

Data were collected using: General information schedule, Arterial
blood gas (ABG) analysis, Electrocardiogram (ECG), Serum troponin
1, Acute Physiology and Chronic Health Evaluation II (APACHE II)
score, Liver function test (LFT), Complete blood count (CBC), Renal
function test (RFT), 2D echocardiography and Serum electrolytes
(Na+,K+).

Statistical Analysis

Qualitative data were expressed as percentages and proportions.
Quantitative data were presented as mean + standard deviation.
Differences in proportions were analyzed using the Chi-square test,
while differences in means were assessed with the unpaired t-test. For
comparisons involving more than two means, ANOVA with post hoc
tests was used. Logistic regression determined the effect of associated
factors. Sensitivity, specificity, positive predictive value, negative
predictive value were calculated. A p-value <0.05 was considered
statistically significant.

RESULTS & OBSERVATIONS

Demographic and Clinical Characteristics: Of 105 patients with
aluminum phosphide (AIP) poisoning, 56.2% were aged 2040 years,
followed by 31.4% (>40 years) and 12.4% (<20 years). Males
predominated (66.7%) over females (33.3%). Common symptoms
included nausea/vomiting (85.7%), abdominal pain (71.4%), dyspnea
(57.1%), hypotension (52.4%), and altered sensorium (38.1%). Most
patients (42.9%) were admitted within 2—4 hours, 38.1% within <2
hours, and 19.0% after >4 hours.

Laboratory and Severity Findings: Hypokalemia (49.5%) and
hyponatremia (39.0%) were the most frequent electrolyte
abnormalities, followed by hyperkalemia (20.0%) and hypernatremia
(14.3%). Metabolic acidosis was observed in 66.7% of patients, with
respiratory alkalosis in 33.3%. APACHE-II scores were 11-20 in
42.9%, 0-10 in 33.3%, and >20 in 23.8%, indicating moderate to
severe illness.

Complications and Management
Figure 1: Complications in patients admitted with

ALP Posioning
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Acute respiratory distress syndrome ARDS (47.6%) was the most
common complication, followed by acute renal injury (39.0%) and
cardiac arrest (27.6%). These complications underscore the multi-
organ toxicity of ALP poisoning. ICU admission was required for
68.6% of patients, and 55.2% needed vasopressor support, reflecting
severe hemodynamic instability.

Mortality and Prognostic Factors:
The mortality rate was 82%, with only 18% survival. Higher
APACHE-II scores correlated with increased mortality (p=0.001):

62.8% (0-10), 88.9% (11-20), and 96% (>20). Delayed admission (>4
hours) was strongly associated with mortality (X*=31.6, p=0.001).
APACHE-II scores >20 (OR=6.98, p=0.01) and metabolic acidosis
(OR=2.33, p=0.2) were linked to poorer outcomes. Non-survivors had
higher tablet ingestion (2.87 vs. 1.05, p=0.01), longer reporting time
(2.27 vs. 1 hour, p=0.001), prolonged shock duration (9.12 vs. 6.75
hours, p=0.01), fresh AIP tablets (p=0.01), and absence of immediate
vomiting (p=0.01). Early treatment (<2 hours) was associated with
higher survival (X?>=31.6, p=0.001), with no survivors among those
treated after 4 hours. Higher APACHE-II scores also correlated with
longer hospital stays (r=0.73, p=0.001): 3.2 days (0-10), 5.8 days
(11-20), and 8.5 days (>20).
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Table 1 Linear analysis of APACHE-II Score with Length of
Hospital Stay

APACHE-II |Average Hospital Stay (days)- Y Axis|r |P value
Score- X Axis

0-10 32 0.73[0.001
11-20 5.8
>20 8.5

—— Linear Regression and Correlation ——

n: 106

Slope 0.3322

v Int 0.0448

SE Slope: 0.03052

SE Int: 0.4887

SE Est: 1.917

T 0.7297

1 10.88

DF: 104

P

20

Line of best fit

Higher APACHE-II scores correlated with longer hospital stays
(r=0.73, p=0.001). Average stays were 3.2 days (0-10), 5.8 days (11-
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20), and 8.5 days (>20), indicating increased resource utilization in
severe cases.

Table 2 Summary of Study outcomes

Characteristics Survivors |Non-survivors|P
(n=19) (n=86)

Age (years) 22.25+8.82[25.7+7.12 0.07

Male 13 57 0.9

Female 6 29

No. of Tablets Ingested 1.05+0.8 |2.87+0.07 0.01

Time Interval in Reporting 1+0.5 2.27+0.78 0.001

(hours)

Duration of Shock (hours) 6.75+6.53 [9.12+ 7.3 0.01

Status of ALP Tablets

Fresh 1 74 0.01

Old 18 12

Immediate Vomiting

Yes 11 8

No 8 78 0.01

APACHE -1

<20 18 62

>20 1 24 0.01

*  Non-survivors had higher tablet ingestion (2.87 vs. 1.05, p=0.01),
longer time to reporting (2.27 vs. 1 hour, p=0.001), and prolonged
shock duration (9.12 vs. 6.75 hours, p=0.01).

»  Fresh ALP tablets (p=0.01) and absence of immediate vomiting
(p=0.01) were associated with higher mortality.

*  APACHE-II scores >20 were significantly linked to non-survival
(p=0.01).

DISCUSSION

This study at SMS Medical College, Jaipur, analyzed prognostic factors
in 105 aluminum phosphide (AIP) poisoning cases, revealing an 82%
mortality rate. Young adults (20-40 years, 56.2%) and males (66.7%)
were predominantly affected, consistent with prior studies (Anbalagan et
al., 2023; Mohanchand et al., 2017)""*. Common symptoms included
nausea/vomiting (85.7%), abdominal pain (71.4%), dyspnea (57.1%),
hypotension (52.4%), and altered sensorium (38.1%), aligning with
Kandeel etal. (2024) and Louriz etal. (2009)"™".

Delayed hospital admission (>4 hours) was linked to 100% mortality
(p=0.001), while treatment within 2 hours improved survival
(p=0.001). Immediate vomiting was associated with better outcomes
(p=0.01). Higher APACHE-II scores (>20) predicted 96% mortality
(p=0.001) and longer hospital stays (r=0.73, p=0.001), supporting its
prognostic utility (Banderas-Bravo et al., 2017)". Metabolic acidosis
(66.7%) showed a weaker association with mortality (p=0.2). ARDS
(47.6%), acute renal injury (39%), and cardiac arrest (27.6%) were
frequent, with 68.6% requiring ICU admission and 55.2% needing
vasopressors. Hypokalemia (49.5%) and hyponatremia (39%) were
common but not directly tied to mortality. Fresh AIP tablets and higher
ingestion (2.87 vs. 1.05 tablets, p=0.01) increased lethality.

CONCLUSION

AIP poisoning exhibits high lethality (82% mortality) due to multi-
organ toxicity. Early admission (<2 hours), lower APACHE-II scores,
and immediate vomiting predict survival. APACHE-II scoring is
reliable for triage, while metabolic acidosis, ARDS, and cardiac
complications worsen prognosis. Fresh tablets and higher doses
exacerbate outcomes. Rapid intervention, restricted AIP access, and
public awareness are critical. Future research should explore
antioxidants or antidotes to reduce mortality.

Recommendations

* Restrict AIP Access: Enforce regulations to limit fresh AIP tablet
availability.

* Public Awareness: Educate communities on AlP risks and early
symptoms.

« Early Intervention: Ensure treatment within 2 hours to enhance
survival.

e APACHE-II Scoring: Use routinely for triage and prognosis.
« Intensive Care: Prioritize ICU and vasopressor support for severe
cases.
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