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ABSTRACT

Aluminum phosphide (AP) is a highly toxic pesticide that is commonly used for grain preser-

vation. Acute AP poisoning is a serious public health problem and a real challenge for physi-

cians in developing countries because of the high rates of morbidity and mortality. This study

was conducted to identify predictors that might be useful in determination of prognosis for cas-

es of acute AP intoxication. All cases of aluminum phosphide poisoning that had been referred

to Tanta University Poison Control Center from March 2013 to February 2015 were included.

Patients were subjected to full history taking including demographic features, and their clinical

examination data were reported. Electrocardiography, serum cardiac troponin, arterial blood

gases, complete blood count were recorded, and their associations with the patients’ outcomes

were evaluated. Forty cases (11 males and 29 females) of acute AP poisoning were included in

this study. Mortality rate was 67.5%. A statistically significant association was found between

each of abnormal electrocardiography findings, elevated serum troponin level, low blood pH,

serum bicarbonate, and serum glucose with the risk of mortality. Other alarming risk factors in-

cluded suicidal ingestion, altered consciousness, hypokalemia, and leukocytosis. It could be

concluded that, patients presenting with one or more of these findings are at higher risk of mor-

tality. Early anticipation of these risks by the attending physician may help proper early inter-

vention and might minimize mortality and improve outcome in these cases.
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because of its superior properties. It is
highly potent and toxic to all stages of in-
sects, does not affect seed viability, and
leaves little residue on food grains (Mogh-

INTRODUCTlON

Aluminum phosphide (AP) is one of
the most commonly used grain fumigants
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The specified fatal dose of AP is 0.15-0.5
gram. Most of the patients present with in-
gestion of three or more tablets, which in-
variably results in death. More than 90%
of the patients die within 24 hours and the
commonest cause of death in this group is
heart dysrhythmia. However, the average
time interval between ingestion of AP and
death is three hours. Death after 24 hours
is usually due to shock, acidosis, adult res-
piratory distress syndrome, and cardiac
dysrhythmia. The mortality rate is highly
variable ranging from 37-100% (Chugh  et
al., 1991; Wahab et al., 2009).

In order to provide the best possible
care, any health care system should be ca-
pable of evaluation of the patients’ out-
comes. In medicine, an increased interest
in measuring the severity of illness and
predicting outcome in critically ill patients
has been observed (Henderson, 2004). Ow-
ing to presence of many factors that may
affect the outcome of patients with acute
AP poisoning, besides the lack of specific
antidote for this dangerous toxicity, physi-
cians are in need for recognizing risk fac-
tors and predicting outcome in those pa-
tients soon after presentation. This allows
more intensive treatment and monitoring,
and may thereby decrease morbidity and
mortality. Besides, acute AP toxicity is a
big problem with major consequences es-
pecially in Egypt and other developing
countries, and unfortunately there is a no-
ticeable lack of studies regarding predic-

adamnia, 2012).

Because of its high toxicity, low cost,
and easy accessibility; AP is one of the
main causes of poisoning in developing
countries. Patients commit suicide by in-
gesting tablets, which come in contact
with aqueous solutions in the stomach
and liberate phosphine gas immediately.
The released gas is absorbed via the lungs
causing cell hypoxia as a result of inhibi-
tion of oxidative phosphorylation (Louriz
et al., 2009).

In acute AP poisoning, almost all or-
gans  are  affected  by  the  toxin  leading
to  a variety  of  signs  and  symptoms.
Early symptoms include nausea, vomit-
ing, abdominal  pain, dyspnea, anxiety,
agitation, and  garlic  smell  on  the breath.
Tachycardia, tachypnea,  acidosis,
marked  hypotension, and  shock,  which
is  usually unresponsive to conventional
treatment, are also observed.  Patients  re-
main  mentally clear till cerebral anoxia
due  to  shock  supervenes resulting in
drowsiness, delirium, and coma. Some
common complications of acute AP poi-
soning include arrhythmias, acute renal
failure, and  disseminated intravascular
coagulation. In addition, pulmonary ede-
ma, hepatitis, pericarditis,  congestive
heart  failure, and acute  gastrointestinal
hemorrhage  are occasionally noticed (Ka-
tira et al., 1990; Singh et al.,  1996;  Mogha-
damnia,  2012).
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between exposure and admission to the
hospital, and underlying diseases. In addi-
tion, vital signs, level of consciousness ac-
cording to Glasgow Coma Scale, gastroin-
testinal, neurological, respiratory, and
cardiovascular findings were recorded. In-
vestigations included electrocardiography
(ECG), serum cardiac troponin, arterial
blood gases (ABG), complete blood count
(CBC), and routine blood biochemistry
were done. Each blood sample was collect-
ed under complete aseptic technique with
a disposable syringe. Arterial samples
were collected in heparinized syringes
and used for arterial blood gas (ABG)
analysis, while venous samples were used
for other measurements. ECG analysis in-
cluded the rate, rhythm, ST/T abnormali-
ties, conduction defects, and measurement
of PR and QT intervals. The QT interval
was corrected (QTc) according to the for-
mula of Bazett (Bazett, 1920). QTc was
considered prolonged when it was longer
than 0.440 second (Crotti et al., 2008).

The main outcome of patients either
survival or death was recorded.

Statistical analysis :
Continuous variables were expressed as

means and standard deviations and cate-
gorical variables as numbers and percent-
ages. For comparisons between patient
groups (survivors and non survivors) Chi-
square test was used for categorical vari-
ables. The normal distribution of quantita-

tors of acute AP toxicity outcomes. Hence
the aim of the present study was to identi-
fy predictors to support determination of
prognosis for cases of acute AP toxicity.

SUBJECTS AND METHODS

This analytical cross sectional study got
the approval of the local Research Ethics
Committee. An informed written consent
was obtained from each patient or pa-
tient’s close relatives for participation. All
individual information was securely pro-
tected and available to investigators only. 

Patients :
All cases with history of exposure and/

or clinical manifestations of acute AP poi-
soning presenting to Tanta University Poi-
son Control Center, from the beginning of
March 2013 to the end of February 2015
were included. Diagnosis of acute AP poi-
soning based on history (self-report or by
attendants) and clinical manifestations.
Patients with history of cardiovascular
disease and those who coingested cardio-
toxic substances such as digitalis, cyclic
antidepressants, antipsychotics, class I an-
tiarrythmics and anticholinergics were ex-
cluded.

Methods :
All patients were subjected to full histo-

ry taking with special regard to demo-
graphic features, circumstances of expo-
sure, compound involved, time elapsed
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Additionally, ECG changes were found in
32 patients (80%) at the time of admission.
Eleven (27.5%) cases had sinus tachycar-
dia. ECG showed atrial fibrillation, elevat-
ed ST segment, depressed ST segment,
right bundle branch block, and prolonged
QTc in 10%, 20%, 5%, 10%, and 7.5% of the
studied patients respectively. In addition,
each of inverted T wave, premature ven-
tricular contractions, and cardiac asystole
were detected in only one case (3.75%)
(Table 1).

Table (2) shows that only 40% of the
studied patients were positive for cardiac
troponin qualitative assay. The evaluation
of ABG showed that the majority of the
patients had metabolic acidosis at the time
of admission. Furthermore, it was found
that 27.5% of the patients had pH ≤ 7.15,
while 50% of them had pH more than 7.15
and less than 7.35. Nearly half (45%) of
cases were hypokalemic, 42.5% of them
showed abnormal serum sodium levels,
and 47.5% showed hyperglycemia. Leuko-
cytosis and elevated serum creatinine,
AST, and ALT levels were reported in
35%, 55%, 37.5%, and 55% of the patients
respectively.

Table (3) shows that 27 patients died
with an overall mortality rate of about
67.5%. Neither gender nor age of the stud-
ied patients showed a statistically signifi-
cant difference between survivors and non
survivors. On the other hand, a statistical-

tive variables was tested by Kolmogo-
rov–Smirnov test. The statistical compari-
son was done with independent Student t-
test and Mann Whitney U-test for para-
metric and nonparametric variables re-
spectively. Correlations of some variables
with mortality were assessed using Pear-
son and Spearman rank correlation coeffi-
cient. P values of 0.05 or less were consid-
ered statistically significant. All analyses
were performed using SPSS 15.0 for Win-
dows (SPSS Inc., Chicago, Illinois, USA).

RESULTS

During the study period, according to
inclusion criteria, forty patients with acute
AP poisoning (11 males, 29 females), of
age ranging from 1 to 54 years, with a
mean age of 20.67 ± 12.93 years were re-
cruited. Most (67.50%) of the patients were
in the age group "<20 years”. In most
(88%) of the patients, toxicity occurred by
oral ingestion with the majority (72.50%)
of them alleged intentional suicide. Aver-
age time elapsed between poisoning and
admission at the hospital was 5.70 ± 5.90
hours with the highest percentage (82.50
%) of patients came to hospital with a de-
lay of ≤ 6 hours. The majority (80%) of the
studied patients were hypotensive, while
about two thirds (65%) presented with
tachycardia and 70% presented with ta-
chypnea. Most (80%) of the patients had
vomiting, whereas 60% of them presented
to hospital with impaired consciousness.
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um cardiac troponin and outcome where
59.3% of non survivors showed a positive
result. Furthermore, a significant positive
correlation between positive serum cardi-
ac troponin assay and mortality was de-
tected (r = 0.567, p = 0.000).

The means of Glasgow Coma Score
(GCS) and vital signs including the systol-
ic blood pressure (SBP) and respiratory
rate in survivors (100.00 ± 16.83 and 19.30
± 500) and non survivors (67.40 ± 14.83
and 32.44 ± 9.07) were significantly differ-
ent. Furthermore, a significant reverse cor-
relation was found between SBP and mor-
tality (r = -0.721, p = 0.000). Regarding
laboratory investigations, a statistically
significant difference was detected be-
tween survivor and non-survivor groups
regarding each of the following: blood pH,
serum bicarbonate level, random blood
sugar, serum potassium, and total leuko-
cytic count (Table 4). 

ly significant difference between both
groups was observed as regards the route
of intoxication, the manner of toxicity
whether intended suicidal or accidental
exposure, and the time interval between
exposure and hospital admission. In addi-
tion, impaired consciousness at time of ad-
mission showed a statistically significant
association with the outcome where it was
present in 81.5% of non survivors. Con-
versely, history of vomiting did not show
a statistically significant association with
mortality. This work revealed also a statis-
tically significant association between
ECG findings and occurrence of death
where the majority (92.6%) of non survi-
vors showed ECG abnormalities at the
time of admission. Specifically, the pres-
ence of ST segment abnormalities either el-
evation or depression was significantly as-
sociated with mortality and showed also
positive correlation with it (r = 0.398, p =
0.011). In addition, a statistically signifi-
cant association was present between ser-
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Table (1) : Demographic data, characters of toxic exposure, clini-
cal findings, and ECG findings of the studied pa-
tients (n=40).

n : number, CNS: central nervous system, ECG: electrocardio-
gram, QTc: corrected QT interval.
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Table (2) : Baseline laboratory findings of the studied patients (n=40).

n : number, AST: aspartate aminotransferase, ALT: alanine aminotransfe-
rase.
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Table (3) : Association between demographic data, characters of toxic exposure, clinical find-
ings, and ECG findings of the studied patients and the outcome.

n : number, ECG: electrocardiogram., *significant (p < 0.05). 
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management, and prevention.

This study was undertaken to make use
of readily available, easily obtained data
from clinical examination and routine la-
boratory investigations in predicting risks
of mortality in patients with acute AP poi-
soning. Early anticipation of these risks by
the attending physician may help proper,
early intervention and could minimize

DISCUSSION

Aluminum phosphide is a cheap, solid,
and highly toxic pesticide that is common-
ly used for grain preservation. Acute AP
poisoning is characterized by high risks of
major morbidity and mortality (Yatendra
et al., 2014). Therefore, there is an increas-
ing need for improved knowledge of these
risks with an emphasis on recognition,

Table (4) : Differences between survivor and non-survivor groups as regards vital signs, GCS, and
routine laboratory investigations.

n : number, GCS: Glasgow Coma Score, AST: aspartate aminotransferase, ALT: alanine aminotransfe-
rase, *significant (p < 0.05).
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quent poisoning with low severity and
hence better outcome (Shadnia et al.,
2008).

In this study, the majority (72.50%) of
patients alleged intentional poisoning. The
manner of toxicity whether intentional,
suicidal, or accidental, showed a statisti-
cally significant association with outcome.
Most (85.2%) non survivors alleged inten-
tional exposure. Similarly, the use of AP to
commit suicide was reported by other rel-
evant studies (Ferrer et al., 2009). The in-
creased use in agricultural purposes, wide
availability, low cost, and free unrestricted
use in the market may direct persons to
use AP tablets for suicide (Mehrpour et
al., 2012). The amount of the ingested poi-
son, the severity of symptoms and the nec-
essary treatment may differ substantially
between unintentional and intentional
poisonings (Lauterbach et al., 2005).

In this study, the time interval between
exposure to AP and hospital admission
showed a statistically significant associa-
tion with mortality. The important role of
providing supportive care early after ex-
posure and its impact on improving survi-
val of AP poisoning is emphasized also by
Singh et al. (1997). However, reports from
other studies (Nejad et al., 2012) found in-
significant differences between improved
and expired patients as regards time inter-
val between the poison ingestion and start
of medical interventions. The characteris-

high mortality rates in these cases. In this
regard, the important prognostic factors in
this study were; the route of intoxication,
the manner of toxicity whether intention-
al, suicidal, or accidental, and the time in-
terval between exposure and hospital ad-
mission, in addition to the presence of low
GCS, low SBP, abnormal ECG findings,
high serum cardiac troponin, metabolic ac-
idosis, hypokalemia, hyperglycemia, and
leukocytosis at the time of admission.

In this study, despite early administra-
tion of vasoactive drugs and standard sup-
portive treatment 27 out of 40 patients
died with an overall mortality rate of
about 67.5%. The reported mortality rate
of AP poisoning is highly variable, rang-
ing from 37 to 100%, and can reach more
than 60% even in experienced and well-
equipped hospitals (Moghadamnia, 2012). 

The route of intoxication showed a sta-
tistically significant association with mor-
tality. Most (92.59%) non survivor expo-
sure to AP was by oral ingestion. Six out
of eight cases that reported exposure by
inhalation while placing AP tablets on
stored grains survived. Aluminum phos-
phide tablets on contact with air moisture
or hydrochloric acid in the stomach re-
lease phosphine gas, which is then ab-
sorbed by the gastrointestinal and respira-
tory tracts (Valmas et al., 2008). The foul
and irritating odor of phosphine gas could
lead to short term exposure with subse-
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malities and mortality in AP intoxicated
cases. The pathogenesis of ECG abnormal-
ities including cardiac dysrhythmia and
ST changes can be explained by the action
of phosphine gas on the heart. It causes in-
hibition of mitochondrial cytochrome c ox-
idase resulting in myocardial energy de-
pletion similar to what occurs with
ischemia (Singh et al., 2006). In addition,
phosphine enhances the generation of re-
active oxygen species causing lipid peroxi-
dation with focal areas of myocardial ne-
crosis (Akkaoui et al., 2007). These effects
can cause alterations in cardiac transmem-
brane action potentials leading to dys-
rhythmia, and ischemia-like effect on
ECG.

In the current study, a statistically sig-
nificant association was present between
serum cardiac troponin and outcome. Fur-
ther, it showed a significant positive corre-
lation with mortality. This finding is sup-
ported by Soltaninejad et al. (2012) who
concluded that specific cardiac enzymes
such as troponin are reliable prognostic
markers of cardiac injury in these cases.
This work revealed also that non-
survivors of AP poisoning had a statisti-
cally significant tendency towards hyper-
glycemia when compared with survivors.
This is supported by an earlier study
(Mehrpour et al., 2008), which reported an
increased risk of death in AP poisoning
patients with glucose levels greater than
140 mg/dl at admission.  Suggested mech-

tic fast progression to life threatening
symptoms and the short time interval be-
tween ingestion of AP and death, may ex-
plain this conflicting finding (Yatendra et
al., 2014).

Regarding clinical manifestations, our
work revealed a statistically significant as-
sociation between altered consciousness at
the time of admission and outcome. In ad-
dition, the mean SBP and respiratory rate
in survivors and non survivors were sig-
nificantly different. Soltaninejad et al.
(2012) concluded that SBP is a key risk fac-
tor that can be assessed at admission to
the hospital to predict mortality from AP
poisoning. The mechanism of shock in
these cases is multifactorial. Clinical, bio-
logical, and electrical observations suggest
that myocardial lesion is the main cause of
hemodynamic failure (Siddaiah et al.,
2009).

The current study showed significant
differences between survivors and non-
survivors regarding the presence of abnor-
mal ECG findings. Furthermore, the pres-
ence of ST segment abnormalities, either
elevation or depression was significantly
associated with mortality and showed also
positive correlation with it. This finding is
in concordance with previous research
work (Gupta and Ahlawat, 1995; Soltanin-
ejad et al., 2012). However, an earlier
study (Chugh et al., 1991) reported ab-
sence of association between ECG abnor-
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admission, which could be used to detect
patients at greater risk of mortality from
AP were hypotension, abnormal ECG
findings, low blood pH, low serum bicar-
bonate, and hyperglycemia. Other alarm-
ing risk factors included suicidal inges-
tion, altered consciousness, high troponin
level, hypokalemia, and leukocytosis. Be-
cause of unavailability of a specific anti-
dote, early anticipation of these risk fac-
tors and prompt supportive care might
improve outcome. In addition, efforts to
set strict rules for AP use and sales are rec-
ommended. However, this research work
was performed on a small sample size
with regard to the long duration of the
study. Further studies with larger sample
size are encouraged.
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مؤشرات التنبؤ باĠسار اĠرضي في التسمم الحاد بفوسفيد الألومنيوم

اĠشتركون فى البحث

أحمـد عبــد الستـار الابيـارى            فاطمــة محمــد الجــزار
محمد عبد الرحيم سليمـان*             أسـامـه Ęــدوح شعيب**

من قسم الطب الشرعي والسموم الإكلينيكية - جامعة طنطا وقسم الباطنة العامة - مستشفى النهضة - مسقط - سلطنة عمان*

وقسم القلب والأوعية الدموية كلية الطب - جامعة طنطا** 

يعد فوسفـيد الألومنيوم من اĠبيدات شديدة السمية التي تستخدم عادة لحفظ الحـبوبĒوėثل التسمم الحاد  بفوسفيد الأĠونيوم مشكلة صحية

عامة خطيرة وتحديا حقـيقيا للأطباء في البلدان النامية بـسبب  اĠعدلات العالية لحدوث اĠضاعفات والـوفياتĒ ولقد أجريت هذه الدراسة لتحديد

عـوامل التـنبـؤ التي قـد تكون مـفيـدة في تحديـد اĠسـار اĠرضى لحـالات التـسمم الحـاد بفـوسفـيد الألـومونـيومĒ وقـد أدرجت جمـيع حالات الـتسمم

بفوسـفيد الألـومنـيوم التي أحـيلت إلى مـركز علاج التـسمم بـجامعـة طنطـا خلال الفـترة من شهـر مارس ٢٠١٣ إلى فـبراير Ē٢٠١٥ ولـقد ģ أخذ

Ēكمـا سجـلت نتـائج الرسم الكـهربي لـلقلب Ēتسـجيل نتـائج الفـحص السريـرى للـمرضى ģو Ēوجـرافيـةėا فى ذلك البـيانـات الدĖ ـرضىĠالـتاريخ ا

ومستوى التروبـونě في الدمĒ وغازات الدم بالإضافـة إلى صورة الدم الكاملةĒ حـيث ģ تقييم علاقتهـا ومدى ارتباطها باĠـصير اĠرضى للمرضى

محل الدراسـةĒ ولقـد أدرجت أربعـون حالة (مـنهم ١١ من الـذكور) من حـالات التسـمم الحاد بـفوسفـيد الألـومنـيوم في هذه الـدراسةĒ وكـان معدل

Ēفي الدم ěوارتفاع مستـوى التروبون Ēكل من اختلال الرسم الـكهربي للقـلب ěوجـود ارتباط ذي دلالة إحصائـية ب ěالوفيات ٦٧٫٥%  ولقد تب

وانخـفاض درجة الحمـوضة ومسـتوى الببـيكربونـات وإرتفاع الجلـوكوز بالدم وحـدوث الوفاةĒ وكذلك تـبě وجود عوامل أخـرى تنذر بخـطورة الحالة

مثل الـتسمم الانتحـاريĒ ووجود تغير بـدرجة الوعيĒ ونقص الـبوتاسيوم بـالدمĒ وزيادة عدد الكـريات البيضـاءĒ وėكن أن نخلص إلى أن اĠرضى

الذين يعانون من واحد أو أكـثر من هذه اĠتغـيرات هم أكثر عرضة لـلوفاةĒ كما أن توقع هـذه المخاطر من قبل الطبـيب اĠعالج في وقت مبكر ومن

ثم التدخل السليم رĖا يقلل الوفيات ويحسن من نتائج هذه الحالات.


