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ABSTRACT 

Introduction: Acute aluminum phosphide (AlP) poisoning is a major toxicological 

challenge in developing countries especially in absence of specific antidote. Aim of the study: 

The current study aimed to identify predictive variables of outcome in acute AlP poisoning, then 

propose and validate a prediction model. Patients and Methods: This study was conducted on 

patients with acute AlP poisoning admitted at Tanta Poison Control Center from January 2018 to 

December 2018 (derivation group) and from January 2019 to June 2019 (validation group). For 

each patient, age, sex and toxicological characteristics were obtained. Clinical examination, 

routine laboratory investigations, central venous pressure measurement and electrocardiography 

were also done. Results: Data of the derivation group (110 patients) revealed that, systolic blood 

pressure, central venous pressure, pH and prothrombin time were significant predictive variables. 

Using univariate and multivariate regression analysis, systolic blood pressure, central venous 

pressure and pH were valid to construct the prediction model at cut off ≤85 mmHg, >22 cmH2O 

and ≤7.33 respectively. Variables were given points and the maximum sum points were 10. The 

power of the proposed model to discriminate between survivors and non-survivors at cut off ≥4 

and ≥5 sum points was excellent (AUC: 0.974). The discrimination power in the validation group 

(58 patients) was excellent (AUC: 0.917). Conclusion: This proposed model could be considered 

a simple and excellent tool to predict acute aluminum phosphide poisoning outcome. 

KEYWORDS: Aluminum phosphide, poisoning, outcome, mortality, prediction model. 

ABBREVIATIONS 

AlP: Aluminum phosphide; GCS: Glasgow Coma Scale; ECG: Electrocardiogram CVP: Central 

venous pressure; QTc: corrected QT interval; ROC: receiver operating characteristic; AUC: Area 

under the curve; SBP: systolic blood pressure.  

INTRODUCTION 

Aluminium phosphide (AlP), also 

known as rice tablet, is an inorganic 

phosphide that is used as a fumigant to 

protect stored grains from insects, rodents 

and other pests (Yan et al., 2017). Due to its 

availability and low price, acute AlP 
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poisoning constitutes one of the major 

causes of suicides especially among young 

adults in Egypt and many other developing 

countries (Sagah et al., 2015). 

Acute AlP poisoning is mainly related 

to phosphine gas release when AlP is 

exposed to moisture or gastric acidity. Rapid 

absorption of phosphine gas through the 

gastrointestinal tract and lungs inhibits 

cytochrome-c oxidase enzyme and oxidative 

phosphorylation resulting in adenosine 

triphosphate depletion and then cell death 

occurs (Bansal et al., 2017). 

Usually, very short duration is detected 

between AlP poisoning and the appearance 

of toxic manifestations (Goel and 

Aggarwal, 2007). Impaired myocardial 

contractility, fluid loss, pulmonary edema, 

metabolic acidosis and acute renal failure 

are reported to be the most frequent 

manifestations. However, disseminated 

intravascular coagulation and hepatic 

function impairment may also happen 

(Proudfoot, 2009). Multi-organ failure is 

generally encountered in nearly all deaths of 

acute AlP poisoning; meanwhile, 

myocardial damage is widely reported to be 

the primary mechanism of death (Soltani et 

al., 2016). 

Acute AlP poisoning is a potentially 

fatal condition with no specific antidote and 

treatment is mainly supportive (Bansal et 

al., 2017). The incidence of poisoning is 

increasing steadily every year and it is 

important to predict the outcome of patients 

with acute AlP poisoning for appropriate 

patient setting and use of probable advanced 

procedures. In case of shortage of resources 

and their high cost, it is advisable to select 

patients who will get benefit from different 

resources and improve their outcome 

(Mashayekhian et al., 2016). 

Glasgow Coma Scale (GCS), 

electrocardiogram (ECG), various laboratory 

markers and different scoring systems have 

been studied to predict mortality in acute 

AlP intoxicated patients; however results of 

their utility are still inconsistent (Erfantalab 

et al., 2017). Therefore, the aim of this study 

was to identify different predictive variables 

of acute AlP poisoning outcome. Then, 

propose and internally validate a simple 

outcome prediction model to be applied in 

the emergent clinical settings for cases of 

acute AlP poisoning. 

PATIENTS AND METHODS 

This prospective cohort study was 

carried out on patients with acute AlP 

poisoning admitted to Tanta Poison Control 

Center, Tanta University, Egypt in the 

period from January, 2018 to December, 

2018. These patients were included as 

derivation group. Then, patients admitted 

during the period from January, 2019 to 

June, 2019 were included as validation 

group.  

The protocol of the study was approved 

by the institution research ethical committee. 

A written informed consent was obtained 

from each participant or his/her guardian if 

the patient was unfit to give consent. 

Confidentiality of the data was maintained 

by making code number for every patient. 

Diagnosis of acute AlP poisoning was 

based on history of exposure, identification 

of the agent by containers brought by the 

patients’ attendants, clinical manifestations 

suggesting acute AlP poisoning and silver 

nitrate test to detect phosphine gas in the 

gastric content. All patients aged 18 years or 

more admitted with acute AlP poisoning 

were included in the study. However, 

patients presented with mixed toxicological 

exposure, associated trauma and those with 

pre-existing chronic diseases or received any 

medical treatment before admission were 

excluded. 
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Age, sex and toxicological 

characteristics were obtained from all 

patients and the duration of hospital stay 

was registered. Clinical examination 

including vital signs, conscious level using 

GCS and examination of cardiovascular, 

respiratory and gastrointestinal systems was 

performed. Routine laboratory investigations 

including arterial blood gases, serum 

electrolytes, random blood glucose level, 

renal functions, liver functions, complete 

blood count and coagulation profile were 

done and central venous pressure (CVP) was 

measured. A twelve- leads ECG was 

recorded and corrected QT interval (QTc) 

was measured according to Bazett's formula; 

QTc = QT/vRR (normal value up to 440 

milliseconds) (Bazett, 1920; Crotti et al., 

2008). 

All cases were treated according to 

Tanta Poison Control Center protocol based 

on respiratory and cardiovascular support, 

gastric lavage with sodium bicarbonate and 

correction of metabolic acidosis and 

electrolytes disturbance. Cases were divided 

according to their final outcome into 

survivors and non-survivors.  

Statistical analysis: 

Data were fed to the computer and 

analyzed using IBM SPSS software package 

version 20.0. (Armonk, NY: IBM Corp). 

The Kolmogorov-Smirnov test was used to 

verify the normality of distribution. 

Comparisons between groups for categorical 

variables were assessed using Chi-square 

test (Fisher or Monte Carlo). Mann Whitney 

test was used to compare two groups for 

abnormally distributed quantitative variables 

while Student t-test was used to compare 

two groups for normally distributed 

quantitative variables. Univariate and 

multivariate regression analysis were 

applied to detect variables affecting the 

outcome. Receiver operating characteristic 

(ROC) analysis was used to determine the 

diagnostic performance of the variables and 

to calculate the sensitivity and specificity for 

the chosen cut off. Area under the curve 

(AUC) more than 50% gives acceptable 

performance and area about 100% is the best 

performance for the test. Multiple logistic 

regressions were used to detect the most 

independent variables for mortality to 

construct the outcome prediction model. 

Significance of the obtained results was 

judged at the 5% level. Then, ROC 

methodology was used to assess the 

discriminative power of the outcome 

prediction model in both the derivation and 

validation groups. 

RESULTS 

A total of 110 acute AlP poisoned 

patients met our inclusion criteria and were 

included into the study as the derivation 

group. Survivors were 46 cases (41.82%), 

while non-survivors were 64 cases 

(58.18%). Table (1) illustrated comparison 

between survivors and non-survivors 

regarding their age, sex, toxicological 

characteristics and clinical manifestations at 

admission. There was statistical difference 

between survivors and non-survivors 

regarding age, level of consciousness 

measured by GCS, presence of agitation, 

systolic & diastolic blood pressure, 

respiratory rate, temperature, oxygen 

saturation and CVP.  

Both of chest manifestations 

(diminished air entry, wheezes, crepitation 

and pulmonary edema) and cardiovascular 

manifestations (tachycardia, bradycardia, 

hypotension and shock) were significantly 

manifested in the non-survivors. No 

statistical difference was found between 

survivors and non-survivors regarding 

presence of gastrointestinal manifestations 

(vomiting, epigastric tenderness, abdominal 

pain) or detected ECG abnormalities (atrial 
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fibrillation, depressed or elevated ST 

segment, inverted T wave, sinus 

bradycardia, ventricular tachycardia and 1st 

degree heart block). Non-survivors had 

significant prolonged QTc interval. The 

hospital stay was significantly longer in the 

survivors (Table 1). 

Statistical analysis of routine laboratory 

investigations at admission was shown in 

table (2). It revealed significantly lower pH, 

HCO3, PaO2, serum potassium level and 

prothrombin concentration in the non-

survivors. While, random blood glucose, 

serum creatinine, total bilirubin, alanine 

aminotransferase, total white blood cells 

count, red cell distribution width, 

prothrombin & partial thromboplastin time 

and international normalized ratio were 

significantly higher in the non-survivors. 

Construction of an outcome prediction 

model: 

Out of all studied variables, systolic 

blood pressure (SBP), CVP, pH and 

prothrombin time were the significant 

predictive variables after both univariate and 

multivariate regression analysis. Cut off 

value of each of these variables were 

detected from the ROC analysis to be used 

for construction of an outcome prediction 

model (Table 3).  

To test the reliability of these four 

factors at their cut off values, univariate and 

multivariate regression analysis were 

repeated. Table (4) showed that these 

variables were significant when their cut-off 

values were used in univariate analysis, but 

prothrombin time was not included in the 

proposed model because it was not 

statistically significant when multivariate 

regression analysis was done. 

Table (5) illustrated the proposed 

outcome prediction model. Each variable 

was given points according to its correlation 

with the outcome and the maximum sum 

points of the proposed model were ten. 

Using Mann Whitney test, non-survivors of 

derivation group had significantly higher 

median sum points of the model than 

survivors (U: 77.0, p<0.001).  

The accuracy of this model to predict 

the outcome of acute AlP poisoned patients 

was assessed by the ROC analysis. The best 

cut off sum points were ≥4 and ≥5 meaning 

that if the patient had sum points of the 

prediction model ≥4 or ≥5, the patient had 

bad outcome and if it was<4 or <5, the 

patient had a good outcome (Table 6, Fig. 

1).    

Validity of the proposed outcome 

prediction model: 

The proposed model was internally 

validated on a new set of 58 patients with 

acute AlP poisoning matching with the 

derivation group for their age, sex, 

toxicological data and laboratory 

investigations at admission (p value: > 

0.05). It was tested by assessing its ability to 

predict the outcome of patients of the 

validation group at admission corresponding 

to their outcome at discharge. The non- 

survivors of validation group had 

significantly higher median sum points of 

the model than survivors when compared by 

Mann Whitney test (U: 65.50, p<0.001).  

The ROC analysis was performed to 

assess the accuracy of this model to predict 

the outcome of the validation group. The 

AUC for the prediction model was 0.917 

when the best cut off value (≥4 and ≥5 sum 

points) was used (Table 7, Fig. 2).                                                
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TABLE 1 Statistical analysis of derivation group regarding age, sex, toxicological data and 

clinical manifestations at admission  

 Total  
(n= 110) 

Outcome  Test of 
sig. 

P value 

Survivors 
(n = 46) 

Non-survivors  
(n = 64) 

Age (years) 19 (18 – 50) 18 (18 – 46) 20 (18 – 50) U=1061.5
0

*
 

0.009
* 

Sex:       

Male  47 (42.7%) 19 (41.3%) 28 (43.8%) χ
2
=0.065 0.798 

Female  63 (57.3%) 27 (58.7%) 36 (56.3%) 

Delay time (hours) 2 (0.25 – 6) 2 (0.25 – 5.5) 2 (0.25 – 6) U=1432.0 0.806 

Amount (tablets)  1 (0.25 – 3) 1 (0.25 – 2) 1 (0.25 – 3) U=1236.5
0 

0.104 

Route of poisoning:       

Ingestion 108 (98.2%) 44 (95.7%) 64 (100%) χ
2
=2.834 0.173 

Inhalational 2 (1.8%) 2 (4.3%) 0 (0%) 

Mode of poisoning:       

Suicidal 108 (98.2%) 44 (95.7%) 64 (100%) χ
2
=2.834 0.173 

Accidental  2 (1.8%) 2 (4.3%) 0 (0%) 

GCS at admission 15 (3 – 15) 15 (12 – 15) 15 (3 – 15) U=1023.0
* 

<0.001
*
 

Agitation 23 (20.9%) 0 (0%) 23 (35.9%) χ
2
=20.90

2
*
 

<0.001
* 

Systolic blood pressure (mmHg) 76.8 ± 28.8 102.5 ± 18.4 58.3 ± 19.1 t=12.238
*
 <0.001

* 

Diastolic blood pressure (mmHg) 40 (20 – 100) 60 (20 – 100) 30 (20 – 60) U=276.50
*
 

<0.001
* 

Pulse rate (beats/min) 94.3 ± 22.9 98.2 ± 20.2 91.4 ± 24.4 t=1.533 0.128 

Respiratory rate (breaths/min) 24.8 ± 7.1 21 ± 3.5 27.5 ± 7.8 t=5.952
* 

<0.001
* 

Temperature (°C) 36.8 ± 0.4 37 ± 0.3 36.6 ± 0.4 t=6.287
* 

<0.001
* 

Oxygen saturation (%) 88.2 ± 11.2 95.8 ± 2.7 82.8 ± 11.8 t=8.542
* 

<0.001
* 

Central venous pressure (cmH2O) 20 (6 – 33) 16 (6 – 26) 27 (12 – 33) U=400.0
* 

<0.001
* 

Gastrointestinal manifestations 63 (57.3%) 26 (56.5%) 37 (57.8%) χ
2
=0.018 0.893 

Chest manifestations  9 (8.2%) 0 (0%) 9 (14.1%) χ
2
=7.045

*
 0.010

* 

Cardiovascular manifestations 90 (81.8%) 30 (65.2%) 60 (93.8%) χ
2
=14.64

7
*
 

<0.001
* 

ECG abnormality:      

Abnormal 71 (64.5%) 25 (54.3%) 46 (71.9%) χ
2
= 3.593     0.058 

Normal 39 (35.5%) 21 (45.7%) 18 (28.1%) 

Qtc (msec) 447.5 ± 55.7 427.4 ± 40.6 461.9 ± 60.7 t= 3.566
*
      0.001

*
 

Qtc evaluation:      

Prolonged (>440msec) 58 (52.7%) 19 (41.3%) 39 (60.9%) χ
2
=4.139

*
       0.042

*
 

Normal 52 (47.3%) 27 (58.7%) 25 (39.1%) 

Hospital stay (hours) 12.5 (0.5 –120) 48 (4.5 –120) 6 (0.5 –72) U=173.50
*
 

<0.001
*
 

Values are presented as mean ±standard deviation, number (%), or median (min.-max.); *: Statistically significant at 

p ≤ 0.05; 
2
:  Chi square test; t: Student t-test; U: Mann Whitney test; GCS: Glasgow Coma Scale; ECG: 

Electrocardiogram; QTc: corrected QT interval 
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TABLE 2 Statistical analysis of derivation group regarding laboratory investigations at 

admission 

 Total  

(n= 110) 

Outcome Test of sig. P value 

Survivors 

(n = 46) 

Non-survivors 

(n = 64) 

pH 7.3 (6.6 – 7.6) 7.4 (7.3 – 7.6)   7.3 (6.6 – 7.4) U=183.0
* 

<0.001
* 

HCO3 (mmol/L) 15 ± 5.2 18.4 ± 4.6 12.6 ± 4.1 t=7.018
* 

<0.001
* 

PaCO2 (mmHg) 26.6 (10 – 71.1) 27.3 (12.7 – 40.8) 26.2 (10 – 71.1) U=1326.0 0.376 

PaO2 (mmHg) 86.5 (14 – 109) 91.4 (36.5 – 109) 74.7 (14 – 99.3) U=770.5
* 

<0.001
* 

Serum sodium level (mmol/L) 142.1 ± 6.2 141.2 ± 5 142.7 ± 6.9 t=1.321 0.189 

Serum potassium  level (mmol/L) 3.6 ± 0.6 3.8 ± 0.5 3.4 ± 0.6 t=4.268
* 

<0.001
* 

Serum magnesium level (mg/dL) 2.1 ± 0.4 2 ± 0.3 2.1 ± 0.5 t=0.772 0.442 

Random blood glucose (mg/dL) 128 (40 – 441) 105 (70 – 348) 154.5 (40 –441) U=696.0
*
 <0.001

*
 

Blood urea (mg/dL) 31.8 ± 7.5 30.8 ± 8.6 32.5 ± 6.6 t=1.184 0.239 

Serum creatinine (mg/dL)   1.1 ± 0.3 1 ± 0.2 1.2 ± 0.3 t=3.891
*
 <0.001

* 

Aspartate aminotransferase (U/L) 24.1 (10 – 128) 21.5 (10 – 101) 25.5 (11 – 128) U=1201.50 0.101
 

Alanine aminotransferase (U/L) 21.5 (7 – 161) 18 (7 – 124) 25 (9 – 161) U=906.50
*
 0.001

* 

Total bilirubin (mg/dL)   0.8 (0.3 – 3.5) 0.7 (0.3 – 1.3) 1 (0.3 – 3.5) U=811.0
*
 <0.001

* 

Total protein (g/dL) 6.8 ± 0.7 6.9 ± 0.7 6.7 ± 0.7 t=1.669 0.098 

Red blood cells count (×10
6
/mm

3
) 4.4 ± 0.6 4.5 ± 0.6 4.3 ± 0.5 t=1.364 0.175 

Hemoglobin (gm/dL) 12.1 ± 1.8 12.4 ± 2.1 11.8 ± 1.5 t=1.746 0.084 

Haematocrite (%) 36.3 ± 5.4 36.4 ± 6.5 36.2 ± 4.6 t=0.10 0.920 

Red cell distribution width (%) 14.2 ± 1.3 13.7 ± 1 14.5 ± 1.3 t=3.919
*
 <0.001

* 

Platelets count (x10³/mm³) 234.6 ± 61 247.1 ± 62.4 225.7 ± 58.8 t= 1.836 0.069 

White blood cells count 
(cells/mm³) 

9617.9 ± 4044.4 8011.1 ± 2628.8 10772.8 ± 
4485.9 

t= 4.051
*
 <0.001

*
 

Prothrombin time (sec) 14 (11.7 –36) 13.7 (11.7 –16) 14.4 (12 –36) U=848.50
*
 <0.001

*
 

Prothrombin concentration (%) 82 ± 13.8 88.6 ± 9.2 77.3 ± 14.6 t=4.969
*
 <0.001

*
 

International normalized ratio 1.2 ± 0.1 1.1 ± 0.1 1.2 ± 0.1 t=4.758
*
 <0.001

*
 

Partial thromboplastin time (sec) 32.4 (20.8 –
150) 

28.6 (20.8 –40) 35.3 (22 –150) U=818.50
*
 <0.001

*
 

Values are presented as mean ±standard deviation, number (%), or median (min.-max.); *: Statistically significant at 

p ≤ 0.05; 
2
:  Chi square test; t: Student t-test; U: Mann Whitney test 
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TABLE 3 Agreement (sensitivity, specificity) for the significant predictive variables in the 

derivation group to predict mortality 

 AUC P value 95% C.I Cut off Sensitivi

ty 

Specifici

ty 

PPV NPV 

SBP (mmHg) 0.960 <0.001
* 

0.90 – 0.99 ≤85 90.62 89.13 92.1 87.2 

CVP (cmH2O) 0.864 <0.001
* 

0.77 – 0.92 >22 67.19 93.48 93.5 67.2 

pH 0.938 <0.001
* 

0.88 – 0.98 ≤7.33 76.69 93.48 94.4 76.8 

Prothrombin time 

(sec) 

0.712 <0.001
* 

0.62 – 0.79 >14.6 46.88 86.96 83.3 54.1 

AUC: Area under the curve;*: Statistically significant at p ≤ 0.05; CI: Confidence interval; PPV: Positive predictive 

value; NPV: Negative predictive value; SBP: Systolic blood pressure; CVP: Central venous pressure  

 

TABLE 4 Univariate and multivariate analysis for the significant predictive variables affecting 

mortality in the derivation group 

 

 

Univariate 
#
Multivariate 

P value OR (95%C.I) B  P value OR (95%C.I) 

Systolic blood pressure (≤85 mmHg) <0.001
* 

79.267(22.656 – 277.328) 3.528 <0.001
* 

34.053(5.844 - 197.064) 

Central venous pressure (>22 cmH2O) <0.001
* 

29.349(8.148 – 105.711) 2.708 0.011
* 

15.005(1.885 – 119.467) 

pH (≤7.33) <0.001
* 

56.231(15.031 – 210.355) 3.301 0.001
* 

27.137(3.758 – 195.958) 

Prothrombin time (>14.6 sec.) <0.001
* 

5.882(2.189 – 15.809) 0.967 0.316 2.630(0.398 – 17.392) 

*: Statistically significant at p ≤ 0.05; OR: Odd`s ratio; CI: Confidence interval                    

 

 

TABLE 5 The proposed outcome prediction model  
Variables Systolic blood pressure Central venous pressure  PH  

Findings ≤85mmHg >85mmHg >22cmH2O ≤22cmH2O ≤7.33 >7.33  

Points 4 0 3 0 3 0 Maximum sum 

points=10 

 
 

TABLE 6 Agreement (sensitivity, specificity) for the outcome prediction model in the derivation 

group 

 AUC P 95% C.I Cut off Sensitivi

ty 

Specifici

ty 

PPV NPV 

Sum points 

of the 

proposed 

model 

0.974 <0.001
* 

0.947 – 1.0 ≥4 93.75 89.13 92.3 91.1 

≥5 85.94 97.83 98.2 83.3 

AUC: Area under the curve;*: Statistically significant at p ≤ 0.05; CI: Confidence interval; PPV: Positive predictive 

value; NPV: Negative predictive value 
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TABLE 7 Agreement (sensitivity, specificity) for the proposed outcome prediction model after 

application on the validation group   

Sum points of 
the proposed 

model 

Outcome Sensitivity Specificity PPV NPV Accuracy 

Survivors  
(n = 22) 

Non-survivors 
(n = 36) 

<4 16(72.7%) 3(8.3%) 91.67 72.73 84.62 84.21 84.48 

≥4 6(27.3%) 33(91.7%) 

<5 19(86.4%) 4(11.1%) 88.89 86.36 91.43 82.61 89.93 

≥5 3(13.6%) 32(88.9%) 

PPV: Positive predictive value; NPV: Negative predictive value  

 

 
FIGURE 1: ROC curve for sum points of the outcome prediction model in the derivation group  
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FIGURE 2: ROC curve for the proposed outcome prediction model after application on 

validation group  
AUC: Area under a curve; *: Statistically significant at p ≤ 0.05; CI: Confidence interval   

 

DISCUSSION 

Aluminum phosphide is a widely 

available pesticide that is frequently 

encountered in suicidal and accidental 

poisoning (Rahimin et al., 2018). The 

mortality rate of derivation group in this 

study was 58.2%; generally, the overall 

mortality rate of acute AlP poisoning may 

reach up to 77% (Hena et al., 2018). Age, 

sex and toxicological characteristics of 

patients in the current study were more or 

less comparable to data obtained from other 

studies in different toxicological centers in 

Egypt and worldwide (Masoud and 

Barghash, 2013; Hassanian-Moghaddam 

and Zamani, 2016;  Halvaei et al., 2017; 

Hegazy et al., 2019).  

Manifestations of acute AlP poisoning 

occur rapidly after liberation of phosphine 

gas and death may ensue within 24 to 48 

hours (Navabi et al., 2018). Organs with 

high oxygen requirements (brain, heart, liver 

and kidneys) are more susceptible to damage 

resulting from cytochrome oxidase 

inhibition and hypoxia (Masoud and 

Barghash, 2013). 

In the current study, statistical 

difference was found between survivors and 

non-survivors regarding GCS and 

occurrence of agitation; this was in 

agreement with Sulaj et al. (2015) and El-

Sarnagawy (2017). On the other hand, 

Erfantalab et al. (2017) found that, GCS 

did not significantly affect the outcome. 

Patients may suffer headache, giddiness, 

convulsion and coma; meanwhile 

consciousness may be maintained till late 

stages depending on degree of hypotension 

and hypoxia (Lourizet al., 2009; Gurjar et 

al., 2011). 

Regarding vital signs, both systolic and 

diastolic blood pressure were significantly 

 Total score  

AUC 0.917 

 P value <0.001
* 

95% C.I 0.834 – 1.0 
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lower in non-survivors compared to 

survivors in this study. Shock in acute AlP 

poisoning is multifactorial; myocardial 

damage and fluid loss together with adrenal 

gland damage seem to be the main 

contributing factors (Proudfoot, 2009). In 

the same line, CVP was significantly higher 

in non-survivors; this finding was in 

accordance with Ghazi (2013) and Bansal 

et al. (2017) who stated that, elevated 

jugular venous pressure is one of the 

cardiovascular effects of acute AlP 

poisoning. Meanwhile, pulse rate was not 

found as a significant factor that could 

influence the outcome; this was in 

accordance with El-Sarnagawy (2017). On 

the other hand, Sharma et al. (2018) 

registered that pulse rate was significantly 

higher in non-survivors compared to 

survivors. 

In this regard, abnormal ECG findings 

were observed in 64.5% of the studied cases. 

According to El-Ebiary et al. (2015), acute 

AlP poisoning could induce ECG changes 

due to depletion of myocardial energy that 

alters cardiac trans-membrane action 

potential due to toxic effect of phosphine 

gas. Moreover, prolonged QTc interval was 

observed in 52.7% of the studied patients; 

this was in line with Soltaninejad et al. 

(2012). Prolonged QTc interval indicates 

impending ventricular arrhythmias (Roden, 

2008). 

This study revealed that, respiratory rate 

was significantly increased and oxygen 

saturation was significantly decreased in 

non-survivors. Additionally, chest 

manifestations were significantly manifested 

in the non-survivors. According to Demir et 

al. (2017), respiratory system is commonly 

affected in acute AlP poisoning resulting in 

tachypnea, dyspnea and development of 

rhonchi, crepitation and pulmonary edema. 

Phosphine gas reacts with lung moisture 

producing phosphoric acid that causes 

alveolar membrane damage (Anand et al., 

2011). In the current study, temperature was 

significantly lower in non-survivors; this 

may be attributed to vomiting and shock 

state. For arterial blood gases, non-survivors 

had significantly lower pH and serum 

bicarbonate than survivors; this was in 

accordance with Farzaneh et al. (2018). 

Metabolic acidosis could be attributed to 

lactic acid accumulation due to oxidative 

phosphorylation inhibition and poor tissue 

perfusion (Gurjar et al., 2011). 

In the current study, random blood 

glucose level was significantly higher in 

non-survivors. Mehrpour et al. (2008) 

suggested hyperglycemia as a marker of 

severity in acute AlP poisoning. 

Hyperglycemia could be attributed to 

pancreatic β-cells damage by lipid 

peroxidation or the potential associated 

acute pancreatitis that results from extensive 

cytokine release, acidosis and/or ischemia 

(Verma et al., 2007). However, severe 

hypoglycemia has also been reported due to 

adrenal damage and decreased cortisol level 

(Proudfoot, 2009). Serum potassium level 

was significantly lower in non-survivors 

while other electrolytes had no statistical 

difference. Hashemi-Domeneh et al. (2016) 

attributed hypokalaemia in acute AlP 

poisoning to vomiting or catecholamine 

release. Even so, serum electrolytes findings 

in acute AlP poisoning are controversial 

(Louriz et al., 2009; Shadnia et al., 2010; 

El-Sarnagawy 2017).  

Serum creatinine was significantly 

higher in non-survivors of the studied 

patients. Serum creatinine level more than 

1.0 mg/dL was associated with increased 

risk of mortality and considered a poor 

prognostic factor in acute AlP poisoning 

(Bansal et al., 2017; Sharma et al., 2018). 
Renal function impairment in acute AlP 

poisoning is due to hypoxia and shock 

(Masoud and Barghash, 2013). In the 
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current study, alanine aminotransferase and 

total bilirubin were significantly higher in 

non-survivors. Liver is affected in acute AlP 

poisoning due to tissue hypoperfusion or 

direct toxic effect of phosphine gas 

(Soltaninejad et al., 2011). According to 

Memis et al. (2007), elevated hepatic 

enzymes were observed in fatal cases. 

Additionally, jaundice may occur as a result 

of hepatic damage or intravascular 

haemolysis (Mehrpour et al., 2012). 

For hematological variables, total white 

blood cells count and red cell distribution 

width were significantly higher in non-

survivors. Previous studies
 

found that, 

leukocytosis was a prognostic marker that 

could predict the mortality and it may be 

physiological response to stress, hypoxia or 

toxin exposure (Louriz et al., 2009; 

Masoud and Barghash, 2013). According 

to Surana and Sharma (2016), increased 

red cell distribution width was associated 

with high mortality index as acute AlP 

poisoning causes morphological changes of 

erythrocytes elevating red cell distribution 

width. Furthermore, there was statistical 

difference between survivors and non-

survivors regarding prothrombin time, 

prothrombin concentration, international 

normalized ratio and partial thromboplastin 

time. This disturbance of coagulation profile 

could be explained by that disseminated 

intravascular coagulation is a probable 

complication in acute AlP poisoning 

(Anand et al., 2011; Mahajan and Parga, 

2012). 

Univariate and multivariate regression 

analysis detected that, the significant 

variables of acute AlP outcome in the 

present study were SBP, CVP, pH and 

prothrombin time. This was in accordance 

with previous studies that identified the 

predictive variables in acute AlP poisoned 

patients (Wahab, et al., 2008; 

Taghadosinejad et al., 2014). According to 

Navabi et al. (2018), each of blood 

pressure, blood pH, and pre-hospitalization 

period were the most significant 

determinants for acute AlP poisoning 

outcome using multivariate logistic 

regression. Moreover, Rahbar Taramsary 

et al. (2006) demonstrated a mortality rate 

92.1% at SBP below 90 mmHg.  

The current study generated a simple 

outcome prediction model for acute AlP 

poisoning which combined three measurable 

variables (SBP, CVP and pH at cut off ≤85 

mmHg, >22 cmH2O and ≤7.33 

respectively). Refractory cardiogenic shock 

and cardiac dysrhythmia together with 

severe hypotension and metabolic acidosis 

are considered the main mechanism of death 

in acute AlP poisoning that could support 

the incorporation of the previous factors in 

the proposed model (Nejad et al., 2012; 

Taghaddosinejad et al., 2016).
 
 

The performance of the proposed model 

at cut off value ≥4 or ≥5 was excellent 

(AUC: 0.974). Using cut off value ≥4, the 

sensitivity of the model was 93.75 meaning 

low number of false positives together with 

positive predictive value 92.3 that indicated 

the probability of a patient with cut off value 

≥4 to die was 92.3%. Additionally, negative 

predictive value 91.1 indicated that the 

probability of a patient with cut off <4 to 

survive was 91.1%. Furthermore, using a cut 

off value ≥5, the sensitivity of the model 

was 85.94, positive predictive value was 

98.2 and negative predictive value was 83.3. 

High positive and negative predictive values 

reflect the usefulness of the proposed model.  

The discriminatory power of the model 

in the validation group was excellent (AUC: 

0.917) with high positive and negative 

predictive values when the best cut off ≥4 

and ≥5 sum points of the proposed model 

were used. This means that this proposed 

model can be used as a simple method to 
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predict the outcome of acute AlP poisoned 

patients in the emergency room. 

CONCLUSION AND 

RECOMMENDATIONS 

From data of the current study, it could 

be concluded that, SBP, CVP, pH and 

prothrombin time were significant predictors 

for acute AlP poisoning outcome. This 

proposed model could provide excellent 

survival-mortality discrimination power for 

cases of acute AlP poisoning. Other studies 

are recommended for external validation and 

evaluation of the proposed model.  
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 العربيالولخص 

 هنيىم: نوىرج هقترح جذيذىاألل بفىسفيذالحاد  لتسوننتائج اللوتغيراث التنبؤيت ا

 ، د. هبه ابراهين الشينسارة ابراهين الشرقاويد. هنً هحوذ غنين، *د. 

 جايعح طُطا -لسى انطة انششعٙ ٔ انسًٕو االكهُٛٛكٛح كهٛح انطة 

 جايعح طُطا – انمهة ٔاألٔعٛح انذيٕٚح*لسى 

فٙ غٛاب ˝ فٙ انثهذاٌ انُايٛح خاطح فٙ يجال انسًٕوكثٛش  ٍفٕسفٛذ األنٕيُٕٛو ْٕ ذحذت انحاد  انرسًى الوقذهت:

  هرسًى انحاد تفٕسفٛذ األنٕيُٕٛونانذساسح انحانٛح إنٗ ذحذٚذ انًرغٛشاخ انرُثؤٚح  دْذف الهذف هن الذراست: .خاصذشٚاق ٔجٕد 

تفٕسفٛذ جشٚد ْزِ انذساسح عهٗ يشضٗ انرسًى انحاد أ الورضً وطرق البحث:  .رّرُثؤ ٔانرحمك يٍ طحنهثى الرشاح ًَٕرج 

)يجًٕعح االشرماق(  8102إنٗ دٚسًثش  8102يٍ ُٚاٚش فٙ انفرشج  رسًىًكافحح انن طُطايشكض نٗإ دخانٓىإاألنًَٕٕٛو انزٍٚ ذى 

. نكم يشٚض ٔانخظائض انسًٛح انعًشانسٍ ٔذى انحظٕل عهٗ  حٛث )يجًٕعح انرحمك( 8102إنٗ َٕٕٚٛ  8102ٔيٍ ُٚاٚش 

انكٓشتائٙ  خطٛظٔانفحٕطاخ انًخثشٚح انشٔذُٛٛح  ٔلٛاط انضغظ انٕسٚذ٘ انًشكض٘ ٔانر كهُٛٛكٗذى إجشاء انفحض اإلٔكزنك 

 دسجح( أٌ ضغظ انذو االَمثاضٙ ٔانضغظ انٕسٚذ٘ انًشكض٘ ٔٚضايش 001كشفد تٛاَاخ يجًٕعح االشرماق ) النتائج: نهمهة.

تاسرخذاو ذحهٛم االَحذاس أحاد٘ انًرغٛش ٔيرعذد ٔ. ًعرذ تٓاانثشٔثشٔيثٍٛ كاَد انًرغٛشاخ انرُثؤٚح ان صئٍ انذو حًٕضح

عُذ  انرُثؤٖ نثُاء انًُٕرج ٍٛطانح انذو حًٕضح دسجحكاٌ ضغظ انذو االَمثاضٙ ٔانضغظ انٕسٚذ٘ انًشكض٘ ٔٔانًرغٛشاخ  

انحذ األلظٗ نًجًٕع كاٌ أعطٛد انًرغٛشاخ َماط ٔٔلذ هٗ انرٕانٙ. ع 3.77≥ٔ  ياءسى  88يى صئثك ،<  28≥ يسرٕٚاخ

 :AUCيًراصج ) 8≤ٔ  4≤ يجًٕع َماطلٕج انًُٕرج انًمرشح نهرًٛٛض تٍٛ انُاجٍٛ ٔغٛش انُاجٍٛ عُذ ٔكاَد . 01انُماط 

ًٚكٍ  الخالصت: (. (AUC: 0.917يشٚضا( يًراصج  82كاَد لٕج انرًٛٛض فٙ يجًٕعح انرحمك يٍ انظحح )ٔكزنك (. 0.974

 اعرثاس ْزا انًُٕرج انًمرشح أداج تسٛطح ٔيًراصج نهرُثؤ تُرٛجح انرسًى انحاد تفٕسفٛذ األنٕيُٕٛو.

 ، انٕفٛاخ ، ًَٕرج انرُثؤ. انُرائجانرسًى ،  ، فٕسفٛذ األنًَٕٕٛو الكلواث الوفتاحيت:

 


