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ARTICLE INFO ABSTRACT

Handling Editor: Prof. L.H. Lash Aluminum phosphide (ALP) poisoning is a crucial health problem owing to its easy availability, extreme potency,

and absence of specific treatment modalities. This study aimed to assess the role of the glucose/potassium (Glu-

Keywords: K) ratio in predicting the severity and adverse outcomes of acute ALP poisoning. The current retrospective cohort

Aluminum phosphide poisoning study involved patients with acute ALP poisoning who were admitted to Tanta University Poison Control Center

I(\)Autctoﬁes from June 2022 to June 2024. Sociodemographic and poisoning data, initial findings of clinical examination,
ortality

Glu-K ratio, and calculation of Poisoning Severity Score (PSS), Acute Physiology and Chronic Health Evaluation
II (APACHE II), and PGI score were documented. Patients were categorized into two groups according to mor-
tality outcome. Out of 206 acute ALP-poisoned patients, we recorded 67.5 % fatalities. The median value of the
Glu-K ratio was significantly higher in nonsurvivors than in survivors (44.8 versus 28.9; p < 0.001). The Glu-K
positively correlated with PSS, APACHE II, and PGI scores (p < 0.001). The APACHE II score exhibited the
highest performance for predicting mortality and the need for mechanical ventilation (AUC=0.876 and 0.853,
respectively). However, the Glu-K ratio conveyed a comparable discriminatory power with other scoring systems
(PSS and PGI) for anticipating all unfavorable outcomes. Patients with a Glu-K ratio > 37.07 had significantly
decreased survival duration than patients with a Glu-K ratio < 37.07 (0.38 versus 3 days; p < 0.001). Therefore,
the initial Glu-K ratio is an easily accessible routine biomarker for assessing poisoning severity and outcomes
probability of ALP-poisoned patients, particularly with limited healthcare facilities.

Intensive care unit admission
Mechanical ventilation

1. Introduction either by direct inhalation or liberation from the ingested ALP tablet

after reacting with gastric hydrochloric acid [6]. At the cellular level,

Aluminum phosphide (ALP) is a commonly encountered pesticide
known as a "rice tablet" or "wheat pill" and is used in agriculture and
household settings in many developing countries [1]. Although it pos-
sesses the ideal properties for storing grains, it is considered one of the
leading causes of poisoning deaths worldwide [2]. Accordingly, fatal
outcomes range between 30 % and 100 %, even in highly specialized
hospitals with advanced life support measures [3]. In Egypt, consider-
able rates of ALP poisoning with high mortality rates were observed in
various poison centers [3-5].

The cardinal ALP toxicity mechanism is based on phosphine gas

* Corresponding author.

phosphine gas inhibits the mitochondrial cytochrome C oxidase en-
zymes, causing cellular energy depletion and tissue hypoxia [7]. Addi-
tionally, it induces oxidative stress by increasing the production of
peroxide-free radicals and decreasing glutathione storage, causing
multiorgan lipid peroxidation and protein denaturation [8].

Upon ALP exposure, the initial non-specific mild manifestations
include nausea, vomiting, abdominal pain, dyspnea, and anxiety [9].
However, patients rapidly deteriorate over time, presenting with severe
hemodynamic instability and respiratory failure, altered mental status
arrhythmias, and cardiac arrest [10]. Death eventually occurs within the
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first 48 hours due to primarily cardiac compromise, as well as multi-
organ failure [11].

As a result of the absence of specific antidotes, the treatment stra-
tegies depend on intensive supportive measures for circulatory main-
tenance and administration of available antioxidants [12].
Consequently, many researchers are still searching for instantaneous
outcome predictors to prompt emergent interventions for high-risk pa-
tients, especially in limited hospital settings.

The literature revealed considerable interest in identifying prog-
nostic factors for acute ALP poisoning adverse outcomes, including
different clinical and laboratory parameters, and validating conven-
tional or proposed scoring systems [13-18]. Although the integration of
more than one variable provides a tremendous predictive capacity, the
time-consuming measurement and calculation hampered the prompt
decision-making of ALP-poisoned patients at high risk for poor
outcomes.

Clinically, serum glucose and potassium are routine blood bio-
markers of metabolic status [19]. Substantially, glucose is a chief
cellular energy source for performing essential functions [20]. Likewise,
potassium is considered one of the crucial minerals for regulating
heartbeats, muscle contractions, and neuronal conduction, as well as
preserving the acid-base status and renal function stability [21].

Accordingly, the combined glucose-potassium (Glu-K) ratio has been
previously investigated as a significant predictor of morbidity and
mortality in many medical conditions, including pulmonary embolism
[22], aneurysmal subarachnoid hemorrhage [23], thoracic trauma [24],
acute traumatic spinal cord injury [25], and traumatic brain injury [26].
In clinical toxicology contexts, prior studies have demonstrated the
correlation between the Glu-K ratio and the mushroom poisoning
severity [27], as well as its prognostic significance in identifying inter-
mediate syndrome in cholinesterase inhibitors poisoning [28],
life-threatening events in acute theophylline poisoning [29] and delayed
neurological sequels following carbon monoxide poisoning [30].

Since the relevance of the Glu-K ratio in acute ALP poisoning is still
not defined, our goal was to find out the role of the Glu-K ratio in
assessing poisoning severity and predicting outcomes, underscoring its
correlation with previously validated predictive scoring systems such as
Poisoning Severity Score (PSS), Acute Physiology and Chronic Health
Evaluation II (APACHE II), and PGI score.

2. Patients and methods
2.1. Study design and setting

The current study was a two-year retrospective cohort study con-
ducted on the medical records of ALP-poisoned patients admitted to
Tanta University Poison Control Center (TUPCC) - Tanta Emergency
Hospitals - Egypt, during the period between June 2022 and June 2024.
The TUPCC was the only tertiary poison center in the middle of the delta,
serving all countries in the Gharbia governorate.

2.2. Sample size calculation

The sample size was computed by the R Statistical language (version
4.4.1; R Core Team, 2024) using the package pROC (version 1.18.5;
Robin X et al., 2011)[31]. One receiver operating characteristics (ROC)
curve power calculation was performed, assuming an AUC of 0.7 or
higher, an alpha level of 0.01, a power of 90 %, and a ratio of control to
cases of 0.43 (3/7). The ratio was based on the incidence of mortality in
AlP (70 % or more), as Anand et al. (2011)[32] reported. The minimal
number was 162 cases. However, convenience sampling allowed us to
recruit 206 patients who fulfilled the eligibility criteria to overcome
incomplete and missing data.
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2.3. Ethical consideration

This study was carried out according to the 1964 Declaration of
Helsinki guidelines after receiving approval from Tanta University’s
Faculty of Medicine’s Research Ethical Committee (REC) (approved
number: 36264PR918/10/24). Due to the retrospective study design,
the necessity of acquiring written informed permission from the patients
was exempted. All patient data were managed anonymously, adhering
to personal and clinical information confidentiality.

2.4. Eligibility criteria

2.4.1. Inclusion criteria

All acute ALP phosphide-poisoned patients over 18 years of both
sexes were included in this study. The diagnostic criteria for enrolment
entailed the history of exposure, the requested pesticide containers if
available, suggestive clinical features, and the distinctive garlic odor of
the breath. The diagnosis was endorsed by detecting phosphonic gas in
the gastric aspirate using a silver nitrate test.

2.4.2. Exclusion criteria

The current study ruled out patients with comorbidities like diabetes,
cardiovascular disorders, and hepatic or renal diseases, as well as those
with a co-exposure history to other pharmaceutical and non-
pharmaceutical preparations. We did not include patients with incom-
plete data or unknown poisoning, asymptomatic patients during the in-
hospital follow-up period, and patients who were deceased on hospital
arrival. Additionally, we excluded all patients taking drugs affecting
serum glucose or potassium levels and those who received any medical
intervention before admission.

2.5. Data collection

Data related to patients who fulfilled the eligibility criteria were
gathered into a specially designed sheet, including socio-demographics
(age, sex, and residence), as well as poisoning data (mode and route of
poisoning, the amount of ingested AIP, and the delay time since expo-
sure till admission). On admission findings of clinical assessment
including Glasgow Coma Scale (GCS), vital signs measurements (systolic
blood pressure [SBP], diastolic blood pressure [DBP], mean arterial
pressure [MAP], pulse rate, respiratory rate [RR], and temperature)
were also documented.

Furthermore, we recorded the initial laboratory investigation results,
including arterial blood gas (ABG) consisting of blood pH, serum bi-
carbonate (HCO3), partial arterial carbon dioxide pressure (PaCOs), and
oxygen (O2) saturation. Likewise, the first reading of random blood
sugar (RBS), serum electrolytes (sodium and potassium levels), liver
enzymes including aspartate aminotransferase (AST) and alanine
aminotransferase (ALT), and kidney function tests were also gathered.
The serum glucose to potassium ratio was calculated by dividing serum
glucose concentration (mmol/L) by serum potassium concentration
(mmol/L) [19]. Electrocardiogram (ECG) findings were also reported on
admission for every included patient.

2.6. Calculation of various scoring systems

2.6.1. Poisoning Severity Score (PSS)

To categorize the degree of the severity of the poisoning, we utilized
the Poisoning Severity Score (PSS) according to the International Pro-
gramme on Chemical Safety (IPCS). PSS stratified the patients according
to the most severe presentations into four groups: grade 0 (no symp-
toms), grade 1 (mild transient with spontaneously resolving symptoms),
grade 2 (pronounced or prolonged symptoms), and grade 3 (severe or
life-threatening symptoms) [33].
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2.6.2. APACHE II score

The APACHE II score incorporates routine physiological variables,
with the total score ranging from 1 to 71 points. It includes twelve pa-
rameters, i.e., pulse rate, respiratory rate, mean arterial pressure, oxy-
gen saturation, temperature, arterial pH, serum sodium, serum
potassium, serum creatinine, leukocyte count, hematocrit, and GCS.
Each parameter is assigned from O (normal) to 4 (worst) points. After-
ward, the total point values were added to adjusting marks of age
chronic health problems (severe organ insufficiency or immune-
compromised patients) [34,35].

2.6.3. PGI score

The PGI score calculation was based on clinical and metabolic
characteristics stratifying the risk of ALP-poisoned patients for poor
outcomes. It includes pH < 7.25, GCS < 13, or SBP<90 mmHg. Each
variable scores with a single point, and the total score ranges from 0 to 3,
where the highest score value refers to severe toxidrome [36].

2.7. Treatment and patient outcomes

All patients received the ordinary treatment according to the TUPCC
regimen adopted from the international guidelines. Since there is no
specific antidote till now, supportive treatment is the cornerstone of ALP
therapy. The supportive treatment includes ensuring a patent airway,
concomitant intravenous fluid administration with vasopressors to
maintain the hemodynamic status, and correcting metabolic acidosis
with sodium bicarbonate. Additionally, according to recent guidelines
recommendations, gastric decontamination was performed using
paraffin oil. All patients with unstable hemodynamics were admitted to
the intensive care unit (ICU), and mechanical ventilation (MV) therapy
was applied in patients with respiratory failure.

Finally, patients were categorized according to the primary out-
comes (mortality) into survivors and nonsurvivors. Additionally, the
predictive role of the Glu-K ratio was investigated in requiring ICU
admission and MV.

2.8. Statistical analysis

Analyses were conducted by the R Statistical language (version 4.4.1;
R Core Team, 2024) using the packages rstatix (version 0.7.2; Kassam-
bara A, 2023)[37], pROC (version 1.18.5; Robin X et al., 2011)[31],
gtsummary (version 2.0.0; Sjoberg D et al., 2021)[38], and ggsurvfit
(version 1.1.0; Sjoberg D et al., 2024)[39], and survival (version 3.7.0;
Therneau T, 2024)[40]. Continuous quantitative variables were
assessed for normality of distribution using the Shapiro-Wilk test and
Q-Q plots. As all variables did not follow the normal distribution, they
were presented using the median and interquartile range (IQR; 25th —
75th percentiles), and comparisons were carried out using the Wilcoxon
rank sum test. Spearman’s rank-order correlation was used to assess the
relationship between the Glu-K ratio and scoring systems (PSS, APACHE
11, and PGI). Categorical variables were summarized as counts and fre-
quencies, and their association with studied groups was evaluated using
either Pearson’s Chi-square test for independence of observations or
Fisher’s exact test. The ROC curve was analyzed to determine the
diagnostic performance of relevant predictors for the studied outcomes,
with reporting of area under the curve (AUC) as well as the optimal
cutoff value with its associated sensitivity, specificity, predictive values,
and overall accuracy. Pairwise comparisons of AUCs of tested predictors
were conducted using DeLong’s test for two correlated ROC curves.
Survival analysis was performed by constructing Kaplan-Meier curves
for assessing the time till death and the potential relationship with the
Glu-K ratio. A log-rank test was performed. A p-value <0.05 was
selected for interpreting the results of significance tests.
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3. Results

Out of the included patients (206), the mortality rate was 67.5 %.
More than half of the studied patients were females (n = 122; 59 %) with
a median age [IQR] of 19 [18.0-27.0]. The nonsurvivors had signifi-
cantly younger ages than survivors, with predominance among males
(p=0.014 and < 0.001, respectively). Although most of the non-
survivors were from rural regions and alleged suicidal intentions, these
observed findings did not reach statistical significance compared to
survivors (p>0.05). The number of ingested ALP tables significantly
affected the outcomes (p=0.044). Although there was no significant
difference between groups regarding the delay time till hospital
admission, the nonsurvivors had a significantly shorter hospitalization
period than survivors (p<0.001). All of the nonsurvivors were admitted
to the ICU, and most of them required MV (81 %), with a significant
difference compared to survivors (p<0.001 for each), as demonstrated in
Table 1.

Table 2 depicts a summarized overview of the initial clinical
assessment of the studied patients. The nonsurvivors had significantly
lower SBP, DBP, MAP, and pulse rates than survivors (p<0.001).
Conversely, the respiratory rate of nonsurvivors was substantially higher
than survivors (p<0.001). All patients with disturbed consciousness
(30 %) and agitation (7.2 %) belonged to the nonsurvivor group with
significant differences compared to survivors (p<0.001 and 0.032,
respectively). Additionally, most nonsurvivors had abnormal ECG
findings compared to survivors (p<0.001). Accordingly, there was a
significant association between mortality and PSS (p<0.001), where the
majority of nonsurvivors belonged to grade 3 compared to survivors
(88 % versus 28 %). Compared to survivors, the medians of APACHE II
(12 versus 6; p<0.001) and PGI scores (1 versus 0, p<0.001) in non-
survivors were significantly higher.

The results of initial laboratory investigations are depicted in
Table 3. Regarding ABG parameters, the nonsurvivors had significantly
lower median values of pH, HCO3, and O, saturation than survivors
(p < 0.001). Although the median serum sodium level was significantly
higher in nonsurvivors, the serum K level was considerably lower than in
survivors (p < 0.001 and 0.017, respectively). Compared to survivors,
the median values of serum ALT, blood urea, and serum creatinine were
significantly higher in nonsurvivors (p= 0.011, < 0.001, and < 0.001,
respectively). Likewise, RBS and Glu-K medians were substantially
higher in nonsurvivors than survivors (150 mg/dl versus 105 mg/dl and
44.8 versus 28.9, respectively). Significant positive correlations were
observed between Glu-K and each of PSS (r=0.318, p< 0.001),
APACHE 1II score (r=0.372, p< 0.001), and PGI score (r=0.264,
p <0.001), as revealed in Fig. 1.

The predictive ROC curve analyses of the PSS, APACHE II, PGI score,
and Glu-K ratio of potential outcomes with pairwise comparisons were
demonstrated in Table 4 and Figs. 2- 4. The APACHE II score had a
substantially highest performance for predicting the likelihood of mor-
tality and the need for MV (AUC=0.876 and 0.853, respectively)
compared to other scoring systems and the Glu-K ratio (p< 0.05).
Additionally, PSS exhibited the highest discriminatory power (AUC =
0.833) in expecting the need for ICU admission with no significant dif-
ferences from other studied scores and the Glu-K ratio. However, PGI at
cutoff > 1 had fair to good discrimination in predicting all outcomes
without substantial differences from PSS and Glu-K ratio (.p > 0.05).
Although the Glu-K ratio conveyed fair, acceptable performance (0.743,
0.701, and 0.782) for anticipating all unfavorable outcomes, no signif-
icant difference was observed between the Glu-K ratio and scoring sys-
tems (PSS and PGI), highlighting the comparable discriminatory power
between them (p> 0.5).

Analysis of overall survival by Kaplin-Meier curve analysis revealed
that the median time to death or discharge in the studied patients was
0.5 days (95 % CI: 0.38, 0.54). At the end of one week from admission,
the survival probability was only 32 % (95 % CL: 26 %, 39), as shown in
Table 5 and Fig. 5. Survival in subgroups was assessed based on the
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Table 1
Socio-demographics, toxicological data, and outcomes of acute aluminum phosphide-poisoned patients (n = 206).
Characteristics Outcome
Overall Survived Not survived p value*’
n =206 n=67 n=139
Age (years) 0.014**
Median 19.0 20.0 18.0
[IQR] [18.0-27.0] [18.0-30.0] [18.0-21.0]
Range 18.0-55.0 18.0-50.0 18.0-55.0
Sex, n (%) <0.001*°
Male 84 (41 %) 16 (24 %) 68 (49 %)
Female 122 (59 %) 51 (76 %) 71 (51 %)
Residence, n (%) 0.247*
Rural 203 (99 %) 65 (97 %) 138 (99 %)
Urban 3(1.5%) 2 (3.0%) 1 (0.7 %)
Mode, n (%) >0.999"
Suicidal 206 (100 %) 67 (100 %) 139 (100 %)
Accidental 0 (0%) 0 (0%) 0 (0%)
Route, n (%) >0.999"
Oral 206 (100 %) 67 (100 %) 139 (100 %)
Inhalation 0 (0%) 0 (0%) 0 (0%)
Amount (tablet), n (%)
Median [IQR] 1.0 [0.5-1.0] 1.0 [0.5-1.0] 1.0 [1.0-1.0] <0.001%°
Range 0.3-3.0 0.3-2.0 0.3-3.0
1/4 25 (12.1 %) 14 (20.9 %) 11 (7.91 %) 0.044*°
1/2 39 (18.9 %) 18 (26.9 %) 21 (15.1 %)
3/4 1 (0.49 %) 0 (0.0 %) 1 (0.72 %)
1 127 (61.7 %) 34 (50.7 %) 93 (66.9 %)
2 8 (3.88 %) 1 (1.49 %) 7 (5.04 %)
3 6 (2.91 %) 0 (0.0 %) 6 (4.32%)
Delay (hours) 0.050”
Median [IQR] 2.0 [1.5-3.5] 2.5 [2.0-4.0] 2.0 [1.5-3.0]
Range 0.5-6.0 0.5-6.0 0.5-6.0
Length of hospital stay (hours) <0.001*”
Median [IQR] 69.0 [48.0-96.0] 12.0 [6.0-48.0] 7.0 [4.0-12.0]
Range 2.5-324.0 8.0-324.0 2.5-72.0
ICU admission, n (%) <0.001*°
Yes 166 (80.6 %) 27 (40.3 %) 139 (100.0 %)
No 40 (19.4 %) 40 (59.7 %) 0 (0%)
Mechanical ventilation, n (%) <0.001*°
Yes 116 (56 %) 4 (6.0 %) 112 (81 %)
No 90 (44 %) 63 (94 %) 27 (19 %)
! * Significant at p<0.05;
2 Wilcoxon rank sum test;
3 Pearson’s Chi-squared test;
* Fisher’s exact test;
5

studied predictor’s cutoff values. We demonstrated a significant
decrease in survival probability and time to death or discharge in pa-
tients with a Glu-K ratio > 37.07 compared to those with a ratio < 37.07
(0.38 versus 3 days; p < 0.001), as depicted in Table 5 and Fig. 6.

4. Discussion

Acute ALP poisoning is particularly prevalent in various low-income
countries and constitutes one of the most challenging medical emer-
gencies [41]. Given the steadily increasing incidences of related
morbidity and mortality, the prognostic stratification of patients
intoxicated with ALP is advisable to triage patients and allocate re-
sources appropriately for prompt initiation of therapeutic interventions
that could contribute to better outcomes [13,42].

We aimed to assess the Glu-K ratio’s predictive potential for unfa-
vorable outcomes (mortality, ICU admission, and MV) and the power of
its correlation with the severity of ALP poisoning and with other con-
ventional scores such as APACHE II and PGI. The Glu-K ratio performs
comparably to PSS and PGI in assessing poisoning severity and fore-
casting various outcomes, suggesting its practical ability for clinical
decision-making in resource-limited emergencies.

As revealed in the current study, 67.5 % of the patients did not
survive. The higher mortality incidence in our study could be explained

Chi-squared Test for Trend in Proportions; n: Number; IQR: Interquartile range; ICU: Intensive care unit

by potent ALP poisoning, which is in line with El-Sarnagawy et al.
(2024)[16], Khalaf et al.(2023), [3], and Elhosary and Hodeib (2020)
[43] who recorded 70 %, 72 %, and 73.9 % ALP fatalities, respectively.
However, lower mortality rates (39 % and 43 %) were reported by
Anbalagan et al. (2023)[42] and Sheta et al. (2019)[44], respectively,
due to discrepancies in poisoning-related factors, poisoning severity
degree, and early patient presentation, permitting rapid initiating
treatment [45].

In the current study, mortality was significantly observed at a young
age, with males predominance compared to survivors (p = 0.014 and <
0.001, respectively). Accordingly, Saravani et al. (2024) [46] demon-
strated that the highest number of ALP-poisoned patients (35 % and
33 %) belonged to two age groups (11—20) and (21—30), respectively.
However, Sheta et al. (2019) [44], Bogale et al. (2021)[47], and Deraz
et al. (2022) [48] observed a significant association between ALP mor-
tality and young females. Furthermore, we detected suicidal ALP
ingestion in all patients without substantial differences between groups.
The young age group usually experiences anxiety resulting from stressful
life conditions, especially family problems, failure in love, and education
difficulties, making them a vulnerable group to commit suicide [49,50].
Additionally, the rural residents’ predominance in our study could be
explained by the broad farming region in our locality, as well as
affordable prices and easy ALP accessibility without strict regulation of



G.N. El-Sarnagawy et al.

Toxicology Reports 14 (2025) 101947

Table 2
Initial clinical characteristics, scoring systems, and electrocardiograms of acute aluminum phosphide-poisoned patients (n = 206).
Characteristics Outcome
Overall Survived Not survived p value*®
n =206 n=67 n=139
Consciousness, n (%) <0.001*"
Normal 164 (80 %) 67 (100 %) 97 (70 %)
Disturbed 42 (20 %) 0 (0%) 42 (30 %)
Grading of GCS, n (%) <0.001*¢
Normal 164 (80 %) 67 (100 %) 97 (70 %)
Mild 25 (12%) 0 (0%) 25 (18 %)
Moderate 8 (3.9%) 0 (0%) 8 (5.8%)
Severe 9 (4.4 %) 0 (0%) 9 (6.5 %)
Agitation, n (%) 0.032*¢
Yes 10 (4.9 %) 0 (0%) 10 (7.2 %)
No 196 (95 %) 67 (100 %) 129 (93 %)
Vomiting, n (%) 0.541"
Yes 120 (58 %) 37 (55 %) 83 (60 %)
No 86 (42 %) 30 (45 %) 56 (40 %)
Systolic blood pressure (mmHg) <0.001*¢
Med 80.0 100.0 60.0
[IQR] [40.0-100.0] [90.0-110.0] [40.0-80.0]
Range 40.0-160.0 40.0-160.0 40.0-120.0
Diastolic blood pressure (mmHg) <0.001*¢
Median 40.0 60.0 30.0
[IQR] [20.0-60.0] [50.0-70.0] [20.0-50.0]
Range 20.0-100.0 20.0-100.0 20.0-90.0
Mean arterial pressure (mmHg) <0.001*¢
Median 56.7 73.3 46.7
[IQR] [26.7-70.0] [63.3-80.0] [26.7-56.7]
Range 26.7-120.0 26.7-120.0 26.7-100.0
Pulse rate (beats/minute) <0.001%¢
Median 90.0 96.0 86.0
[IQR] [76.0-110.0] [89.0-120.0] [72.0-106.0]
Range 36.0-148.0 67.0-148.0 36.0-140.0
Respiratory rate (cycles/minute) <0.001*¢
Median 24.0 20.0 26.0
[IQR] [20.0-30.0] [19.0-24.0] [22.0-31.0]
Range 14.0-48.0 14.0-40.0 16.0-48.0
Temperature (Celsius) 0.062°
Median 37.0 37.0 37.0
[IQR] [37.0-37.0] [37.0-37.0] [37.0-37.0]
Range 36.0-39.0 36.5-39.0 36.0-38.5
ECG findings, n (%) <0.001%"
Normal 80 (39 %) 47 (70 %) 33 (24 %)
Abnormal 126 (61 %) 20 (30 %) 106 (76 %)
PSS categories, n (%) <0.001*"
1 22 (11 %) 21 (31 %) 1 (0.7 %)
2 42 (20 %) 27 (40 %) 15 (11 %)
3 142 (69 %) 19 (28 %) 123 (88 %)
APACHE 1I score <0.001%¢
Median 10.0 6.0 12.0
[IQR] [6.0-15.0] [4.0-8.0] [10.0-16.0]
Range 3.0-37.0 3.0-19.0 4.0-37.0
PGI Score <0.001%¢
Median 1.0 0.0 1.0
[IQR] [0.0-1.0] [0.0-0.0] [1.0-2.0]
Range 0.0-3.0 0.0-2.0 0.0-3.0

a
b

* Significance at p<0.05;
: Pearson’s Chi-squared test;
¢ : Wilcoxon rank sum test;

d : Chi-squared Test for Trend in Proportions;
e

Physiology and Chronic Health Evaluation II

its sale [51].

Regarding the amount of ingested ALP, the current study showed a
significant association between mortality and the number of tablets,
aligning with Navabi et al. (2018) [11]. The amount of ingested dose
was considered the most predominant poisoning-related factor affecting
severity grade and outcomes in ALP poisoning [42].

Consistent with Farzaneh et al. (2018)[52] and Vijay Kumar et al.
(2024)[53], our study revealed impaired hemodynamic status in non-
survivors, which was represented by lower median values of SBP, DBP,

: Fisher’s exact test; n: Number; IQR: Interquartile range; GCS: Glasgow coma scale; ECG: Electrocardiography; PSS: Poisoning Severity Score; APACHE II: Acute

pulse, and MAP compared to survivors. The occurrence of
ALP-associated hypovolemia is a well-recognized causative mechanism
resulting from dehydration and substantial intravascular fluid loss
consequential to increased capillary permeability and adrenal damage
inducing peripheral vasodilatation. Additionally, direct
phosphine-inducing myocardial suppression is another postulated cause
[54].

Similarly, we observed a significant association between morality
and impaired consciousness, including lower GCS and agitations. All
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Table 3
Initial laboratory investigations of acute aluminum phosphide-poisoned patients (n = 206).
Characteristics Outcome
Overall Survived Not survived pvalue*”
n =206 n==67 n=139
pH <0.001*"
Median [IQR] 7.3 [7.3-7.4] 7.4 [7.4-7.5] 7.3 [7.2-7.4]
Range 6.9-7.6 7.1-7.5 6.9-7.6
Serum HCO3 (mEq/L) <0.001*"
Median [IQR] 14.0 [10.9-18.0] 18.0 [14.8-20.0] 12.0 [9.9-16.5]
Range 3.9-31.0 7.2-31.0 3.9-26.0
PCO, (mmHg) 0.071°
Median [IQR] 26.0 [20.0-32.0] 26.5 [22.3-32.0] 24.8 [19.0-31.5]
Range 7.0-53.0 12.7-44.8 7.0-53.0
0, saturation (%) <0.001*"
Median [IQR] 92.0 [83.0-96.0] 96.0 [94.0-98.0] 87.0 [79.0-93.0]
Range 35.0-100.0 67.0-100.0 35.0-100.0
Serum Na level (mmol/L) <0.001*"
Median [IQR] 142.0 [138.0-146.0] 139.0 [136.0-143.0] 144.0 [140.0-146.0]
Range 120.0-160.0 132.5-152.0 120.0-160.0
Serum K level (mmol/L) 0.017*"
Median [IQR] 3.5 [3.1-3.9] 3.7 [3.3-4.0] 3.5 [3.1-3.8]
Range 2.1-5.2 2.1-5.2 2.2-4.4
Serum RBS level (mg/dL) <0.001*"
Median [IQR] 129.0 [100.0-171.0] 105.0 [91.0-129.0] 150.0 [114.0-196.0]
Range 42.0-441.0 42.0-348.0 42.0-441.0
AST (U/L) 0.538"
Median [IQR] 24.0 [17.5-32.0] 24.0 [18.0-29.0] 24.0 [15.0-35.0]
Range 6.0-151.0 10.0-45.0 6.0-151.0
ALT (U/L) 0.011*"
Median [IQR] 18.0 [14.0-27.0] 18.0 [13.0-21.0] 19.0 [15.0-30.0]
Range 5.0-161.0 5.0-44.0 8.0-161.0
Blood urea (mg/dL) <0.001*"
Median [IQR] 32.0 [27.0-38.0] 30.0 [23.0-35.0] 35.0 [28.0-40.0]
Range 16.0-65.0 17.0-51.0 16.0-65.0
Serum creatinine (mg/dL) <0.001*"
Median [IQR] 1.1 [0.9-1.6] 0.9 [0.7-1.0] 1.3 [1.0-1.7]
Range 0.4-2.4 0.4-1.6 0.6-2.4
Glucose potassium ratio <0.001*"

Median [IQR] 36.9 [27.1-51.6]
Range 11.1-113.6

28.9 [24.6-36.7]
14.0-94.1

44.8 [31.0-54.4]
11.1-113.6

 *Significance at p < 0.05;

b . Wilcoxon rank sum test; n: Number; IQR: Interquartile range; HCO3: Bicarbonate; PaCO: Partial arterial carbon dioxide pressure; O: Oxygen; Na: Sodium; K:
Potassium; RBS: Random blood sugar; AST: Aspartate aminotransferase, ALT: Alanine aminotransferase

these neurological presentations can be explained by cerebral anoxia
resulting from phosphine-inducing hypoxia and systemic hypoperfusion
[8].

Additionally, the current study conveyed some laboratory parame-
ters as significant indicators for mortality in acute ALP poisoning,
including lower pH and HCOs, referring to metabolic acidosis status.

Correlation with Glu-K ratio

P = 0.0000033, Pspeaman = 0-318, Closs; [0.185, 0.439]
® ®

100 » . @ J

Glu-K ratio

P = 0.000000233, Pspeaman = 0.372, Clogs, [0.235, 0.494]

Previous studies have documented that metabolic acidosis is a signifi-
cant prognostic indicator of mortality [9,44,52]. The ALP-inducing
metabolic acidosis is explained by lactic acid accumulation resulting
from blockage of oxidative phosphorylation and poor tissue perfusion
[55]. Accordingly, we detected the respiratory compensation mecha-
nism for metabolic acidosis in nonsurvivors by significantly increasing

P= 0.000128, Bspeaman = 0.264, Clgss, [0.128, 0.39]

@ ® ®

APACHE Il PGI

Fig. 1. Correlation between glucose-potassium (Glu- K) ratio and scoring systems (PSS: Poisoning Severity Score, APACHE II: Acute Physiology and Chronic Health

Evaluation II, and PGI score) in acute aluminum phosphide poisoned patients.
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Table 4
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The receiver operating characteristic (ROC) curve analysis of scoring systems and glucose potassium ratio for predicting outcomes in acute aluminum phosphide

poisoned patients (n = 206).

Predictors AUC* Cutoff value TP FP TN FN Sensitivity Specificity PPV NPV Accuracy
(95 % CI) ) (N) N) ) (%) (%) (%) (%) (%)

Mortality

PSS 0.816 >3 123 19 48 16 88.49 71.64 86.62 75.00 83.01
(0.756-0.877)

APACHE II 0.876 > 8.5 98 14 53 17 85.22 79.10 87.50 75.71 82.97
(0.822-0.930)

PGI score 0.815 >1 113 16 51 26 81.29 76.12 87.60 66.23 79.61
(0.759-0.870)

Glu-K ratio 0.743 > 37.07 88 14 53 51 63.31 79.10 86.27 50.96 68.45
(0.671-0.814)

Mechanical ventilation

PSS 0.779 >3 108 34 56 8 93.10 62.22 76.06 87.50 79.61
(0.723-0.835)

APACHE II 0.853 >9.5 64 19 79 20 76.19 80.61 77.11 79.80 78.57
(0.795-0.910)

PGI Score 0.763 >1 95 34 56 21 81.90 62.22 73.64 72.73 73.30
(0.702-0.823)

Glu-K ratio 0.701 > 36.90 76 27 63 40 65.52 70.00 73.79 61.17 67.48
(0.629-0.773)

ICU admission

PSS 0.833 >3 133 9 31 33 80.12 77.50 93.66 48.44 79.61
(0.757-0.910)

APACHE II 0.819 >8.5 106 6 34 36 74.65 85.00 94.64 48.57 76.92
(0.744-0.893)

PGI Score 0.775 >1 121 8 32 45 72.89 80.00 93.80 41.56 74.27
(0.705-0.845)

Glu-K ratio 0.782 > 37.07 98 4 36 68 59.04 90.00 96.08 34.62 65.05

(0.712-0.852)

AUC: Area under the curve; CI: Confidence interval; FN: False negative; FP: False positive; NPV: Negative predictive value; PPV: Positive predictive value; TN: True
negative; TP: True positive; PSS: Poisoning severity score; Glu-K: Glucose potassium ratio; ICU: intensive care unit; APACHE II: Acute Physiology and Chronic Health

Evaluation II.

" Pairwise testing of AUCs using Delong’s test for paired ROC curves: PSS vs. Glu-K ratio (p = 0.101 for predicting mortality, 0.068 for predicting mechanical
ventilation, and 0.349 for predicting ICU); PSS vs. APACHEII (p = 0.038 for predicting mortality, 0.031 for predicting mechanical ventilation, and 0.822 for predicting
ICU admission); PSS vs. PGI (p = 0.969 for predicting mortality, 0.600 for predicting mechanical ventilation, and 0.083 for predicting ICU); Glu-K ratio vs. APACHE II
(p = 0.004 for predicting mortality, 0.001for predicting mechanical ventilation, and 0.476 for predicting ICU); Glu-K ratio vs. PGI (p = 0.121 for predicting mortality,
0.171for predicting mechanical ventilation, and 0.881 for predicting ICU); APACHE II vs. PGI (p = 0.010 for predicting mortality, 0.001for predicting mechanical

ventilation, and 0.051 for predicting ICU).
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Fig. 2. Receiver operating characteristics (ROC) curve of Poisoning Severity
Score (PSS), Acute Physiology and Chronic Health Evaluation II (APACHE II),
PGI score and glucose potassium ratio (Glu-K) for predicting mortality in acute

aluminum phosphide poisoned patients.
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Fig. 3. Receiver operating characteristics (ROC) curve of Poisoning Severity
Score (PSS), Acute Physiology and Chronic Health Evaluation II (APACHE II),

PGI score and glucose potassium ratio (Glu-K) for predicting the need for me-
chanical ventilation in acute aluminum phosphide poisoned patients.
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Prediction of ICU admission
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Fig. 4. Receiver operating characteristics (ROC) curve of Poisoning Severity
Score (PSS), Acute Physiology and Chronic Health Evaluation II (APACHE II),
PGI score and glucose potassium ratio (Glu- K) for predicting the intensive care
unit admission requirement in acute aluminum phosphide poisoned patients.

the RR.

Compared to the survival group, liver enzymes, renal function tests,
and total leucocytic count were significantly higher in the mortality
group. Although liver damage manifestations are less severe, transient
elevation of liver enzymes is a common finding [56]. Furthermore,
hypoxia and shock-associated ALP poisoning commonly predispose to
renal impairment [57]. Additively, Fayyaz. [58] has documented that
infections, inflammation, stress, metabolic imbalance, cardiac infarc-
tion, and acute renal failure are the commonly assumed mechanisms for
ALP-inducing leucocytosis, which is supported by previous studies [18,
55].

We noted that all the nonsurvivors were admitted to the ICU, with a
considerable portion requiring MV (81 %). A noticeable increase in the
percentage of non-survived 123 (88 %) in severe poisoning grade ex-
plains these higher incidences of poor outcomes. Likewise, higher per-
centages of nonsurvivors were admitted to the ICU (94.6 % and 86.4 %)
and mechanically ventilated (86.4 % and 43.6 %) in ALP-poisoned pa-
tients as reported by El-Sarnagawy et al. (2024) [16] and Zaki et al.
(2024) [4], respectively.

In the current study, the median value of RBS was significantly
higher in nonsurvivors than in survivors (150 mg/dL versus 105 md/
dL). Likewise, Sharma et al. (2018) [9] recorded a significant elevation
of mean blood glucose level (159.7 + 92.5 mg/dL versus 119.9 + 35.7
mg/dL) and frequency of blood glucose alteration (42% versus 5%) in
nonsurvivors compared to survivors, respectively. Furthermore,
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Mehrpour et al. (2008) [59] and Kadamati et al. [60] observed a sub-
stantial increase in blood glucose levels in fatal ALP cases compared to
survived patients (222.6 + 20 mg/dL versus 143.4 + 13.7 mg/dL and
223.1 mg/dL versus 142.5 mg dL, respectively).

Subsequently, Lionate et al. [61] revealed a significant association
between multiple glycemic parameters and in-hospital adverse out-
comes in acutely poisoned patients. Notably, Tawfik. [62] concluded
that hyperglycemia was one of the crucial determinants for predicting
mortality in acute AIP poisoning using logistic regression analysis.
Furthermore, Mehrpour et al. [59] and Kadamati et al. [60] demon-
strated that the existence of hyperglycemia increased the risk for ALP
fatalities by 5.7 times after adjusting other significant predictors (age,
gender, ingested amount, pH, and HCO3 concentration).

Overall survival
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Fig. 5. Kaplan-Meier overall survival analysis curve of aluminum phosphide
poisoned patients.
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Fig. 6. Kaplan-Meier analysis of the survival probability of acute aluminum
phosphide poisoned patients stratified by glucose-potassium ratio (Glu-K) cut-
off level.

Table 5
Kaplan-Meier curve analysis for overall survival duration and survival probability according to glucose-potassium ratio in acute aluminum phosphide-poisoned
patients.
Characteristics 0S% (95 % CI) Median survival (days)
1 Day(s) 3 Day(s) 7 Day(s) Median (95 % CI) p-value'
Overall 34 % 32% 32% 0.50 (0.38, 0.54)
(28 %, 41 %) (26 %, 39 %) (26 %, 39 %)
Glu-K ratio <0.001*
<37.07 54 % 50 % 50 % 3.0 (0.50, 3.0)
(45 %, 64 %) (40 %, 61 %) (40 %, 61 %)
> 37.07 14 % 14 % Not reached

(8.4 %, 22 %) (8.4 %, 22 %)

0.38 (0.29, 0.50)

! :Log-rank test;
" significant at p < 0.05; CI: confidence interval; Glu-K: Glucose potassium ratio
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Various hypothesized pathways are postulated for how ALP causes
hyperglycemia. Noticeably, ALP induces cellular oxidative phosphory-
lation impairment, causing a decrease in energy production and ATP
levels [59]. Another suggested mechanism is ALP-associated acute
pancreatitis either directly or via oxidative stress-mediated generalized
inflammatory response, triggering insulin resistance, pancreatic p-cell
dysfunction, and glucose tolerance impairment. As always happens in
cases of acute poisoning, ALP-linked stress reactions promote sympa-
thetic overstimulation, cause catecholamine release, and induce glucose
production by glycogenolysis and gluconeogenesis activation [61,63].
Many previous experimental and human studies support all these the-
ories through decreased ATP production, increased cortisol levels, and
degenerative alteration in both adrenal glands and pancreas of fatal ALP
poisoning [60,63,64].

The interconnection of hyperglycemia with electrolyte disturbances,
reduced immune response, and increased risks of infectious complica-
tions may explain hyperglycemia’s substantial association with poor
outcomes [61]. Noticeably, hyperglycemia was associated with neuro-
logical adverse outcomes in CO poisoning [30], the intermediate syn-
drome in organophosphorus poisoning [65], methanol mortality [66],
and poisoning severity of calcium channel blockers [67].

Although hyperglycemia is frequently observed in acute ALP
poisoning, mild hypoglycemia has also been reported in acute ALP,
though severe hypoglycemia is relatively rare [68]. Hypoglycemia is
attributed to hepatic injury inhibiting gluconeogenesis and glycogen-
olysis, as well as adrenal cortex damage associated with decreased
cortisol, glucagon, and epinephrine production [9]. Additionally,
ALP-induced vomiting may reduce the patient’s appetite and exacerbate
the effect of hypoglycemia. Other suggested mechanisms contributing to
hypoglycemic status include failure of glucagon secretion and
epinephrine synthesis and the release of insulin-like growth factors in
response to severe shock [69].

The existence of vomiting as an initial GIT presentation and trans-
cellular serum K shifting caused by stress-mediated released catechol-
amines are advocated mechanisms for hypokalemia in acute ALP-
poisoned patients [70]. Accordingly, we noted a substantial reduction
in serum K in nonsurvivors compared to survivors, which aligns with
previous studies [16,55].

The relation between alteration in potassium levels and adverse
cardiac outcomes is well known in the medical field and poisoning
contexts. In hypokalemic patients, Kjeldsen [71] declared that the risk of
ventricular fibrillation incidence and mortality rates were found to be
increased up to five and 10-fold, respectively [71]. Additionally, Liu
et al. [72] and Chang et al. [73] revealed that hypokalemia is an inde-
pendent predictor of mortality in acute paraquat-poisoned patients [72,
73]. Basant et al. [74] concluded that remarkable hypokalemia is an
alarming sign of adverse outcomes in organophosphoruspoisoned pa-
tients secondary to potentially aggravated cardiac arrhythmias and
respiratory muscle paralysis [74].

As a result of the reciprocal connection between RBS and K level,
incorporating the two parameters into the Glu-K ratio represents a better
indicator for excessive catecholamine release than individual measure-
ments. Previously, an increased Glu-K ratio has been investigated as an
indicator of clinical outcomes of cerebral ischemic and traumatic in-
juries [26,75]. Although the Glu-K ratio has attained considerable in-
terest from clinical toxicologists, assessing its predictive performance in
poisoning severity and outcomes in acutely ALP-poisoned patients has
not been addressed yet. Owing to a substantial increase in RBS and a
decrease in serum K between the two groups, there is a significant
elevation of the Glu-K median values among nonsurvivors rather than
survivors (44.8 versus 28.9).

Our study recorded that the APACHE II score exhibited the best
discriminatory power in predicting the likelihood of mortality and the
need for mechanical ventilation (AUC=0.876 and 0.853, respectively).
Similarly, Farzaneh et al. [52], Dorooshi et al. [76], and Zaki et al. [4]
have demonstrated good to excellent performance of APACHE II score
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for mortality prediction in ALP poisoning (AUC = 0.939, 0.779, and
0.969, respectively).

Additionally, we observed that PSS had the highest performance
(AUC = 0.833) in predicting the need for ICU admission with no sig-
nificant differences from other studied scores and the Glu-K ratio.
However, El-Sarnagawy et al. [17] recorded a substantial increase in
discriminatory performance in PSS versus APACHE II for predicting ICU
admission in ALP-poisoned patients (AUC=0.987 versus 0.907;
p < 0.001).

Our study recorded that the PGI score had moderate performance
comparably to PSS and Glu-K ratio in adverse outcomes prediction.
Similarly, Pannu et al. [77] demonstrated a strong positive correlation
between PGI score and other conventional scores (APACHE II, SOFA,
and SAPS-II) on admission and 24 hours later in ALP-poisoned patients.
Although El-Sarnagawy et al.[16] illustrated that the PGI score at cutoff
> 1 displayed good discriminatory ability in outcome prediction, Sakr
et al.[78] verified that the PGI score had excellent discrimination of
mortality prediction (AUC = 0.951) in ALP-poisoned patients.

Furthermore, our study revealed that the Glu-K ratio exhibited fair
discriminatory power (0.743, 0.701, and 0.782) for anticipating mor-
tality, the MV, and ICU admission requirements, respectively. Likewise,
Demirtas et al. [30] and Yal¢in et al. [79] reported fair predictive ability
(0.791 and 0.796, respectively) of Glu-K ratio for the likelihood of
delayed neuropsychiatric syndrome following acute carbon monoxide
poisoning [30,79]. However, Sharif and Fayed [28] and Sharif et al. [29]
revealed that the Glu-K ratio had an excellent predictive ability for
anticipating intermediate syndrome after acute anticholinesterase
intoxication (AUC = 0.971) and life-threatening events of acute meth-
ylxanthine intoxication (AUC = 0.906), in the same order [28,29].

Additionally, we revealed that the Glu-K ratio had a significant
positive correlation with PSS, PGI, and APACHE II scores (p< 0.001)
and exhibited comparable prognostic ability with PSS and PGI for pre-
dicting adverse outcomes in ALP-poisoned patients (p > 0.05). Howev-
er, incorporating several complex clinical and laboratory parameters in
calculating PSS and APACHE II scores limits their clinical utility for
timely emergency decision-making [80,81]. Furthermore, a recent study
by El-Sarnagawy et al. [16] defined the PGI shortcomings that depend
on certain cutoff levels (blood pH < 7.25, GCS score < 13, and SBP<
87 mmHg) underestimating high-risk ALP-poisoned patients with
initially higher physiological variables over PGI cutoff levels. Conse-
quently, given the abovementioned results, the Glu-K ratio provides a
reliable, simple, objective bedside marker for assessing ALP poisoning
severity and outcomes probability.

Furthermore, this study investigated the impact of the Glu-K ratio
cutoff on the survival duration of ALP-poisoned patients using Kaplan-
Meier curve analysis. Our study demonstrated that patients with a
Glu-K ratio > 37.07 should be rapidly allocated to emergent treatment
resources as they have a significantly lower median survival time (0.38
days) than patients whose Glu-K ratio was < 37.07 as they had pro-
longed survival duration (3 days). This finding adds weight to the pre-
vious results, highlighting the importance of early Glu-K ratio detection
for triaging the high-risk ALP for intensive supportive management.

In ALP-inducing circulatory shock, there is concomitant impairment
in myocardial glucose uptake and metabolism, resulting in further
myocardial suppression [82]. Accordingly, rational
glucose-insulin-potassium infusion (GLK) therapy depends on
improving cardiac inotropic and hemodynamic status by increasing
myocardial glucose uptake, promoting energy production, and restoring
calcium flux [83,84]. This protocol may also refine ALP-inducing
metabolic acidosis by endorsing lactic acid metabolism. Furthermore,
insulin may improve peripheral vascular resistance by activating the
adrenergic receptors and causing vasoconstriction that limits vaso-
pressor use [85].

In this context, our findings could highlight researchers’ interest in
evaluating the role of GLK regimen in acute ALP poisoning. Hassanian-
Moghaddam and Zamani (2016) revealed that the GIK protocol
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improved ALP-poisoned patient outcomes and survival [86]. Likewise,
Pannu et al. [82] observed a 26.6 % reduction in mortality rate and
improved survival and hemodynamics with GIK therapy without
altering metabolic acidosis [82]. Furthermore, Adel et al. [85] docu-
mented that insulin-euglycemia therapy is safe and effective and asso-
ciated with a substantial improvement in primary and secondary
outcomes in ALP-poisoned patients [85]. Correspondingly, Ullah et al.
[84] reported incorporating GIK therapy with the standard treatment
reduces 54 % of ALP fatalities and enhances overall survival rates [84].
Subsequently, a systematic review by Shukla et al. [10] concluded that
effective insulin therapy reduced the mortality rates of AIP poisoning
[10].

5. Limitations

Although this study’s results offered a preliminary, easily objective
parameter for assessing poisoning severity and unfavorable outcomes in
ALP-poisoned patients, being a single-center study on a considerably
small sample size may limit the result’s generalizability and validity.
Therefore, we recommended further multicenter studies on a large pa-
tient scale to validate our study’s clinical applicability. Additionally,
advanced studies should assess stress-related factors, including cate-
cholamines and cortisol levels, to support the earlier theories.

Despite the silver nitrate test being used to confirm phosphine
poisoning, false negative and false positive results challenged the test’s
sensitivity. Noticeably, a false negative result may occur in patients
receiving oxygen as phosphine may be converted to phosphorus pent-
oxide. On the other hand, a false positive result may ensue if hydrogen
sulfide is in the air [2]. These misleading results account for the lower
sensitivity of testing the breath with silver nitrate-impregnated strips
(50 %). However, the silver nitrate test was conducted on gastric aspi-
rate samples in the current study since all included cases were poisoned
by suicidal ingestion of ALP tablets. Despite the test demonstrating a
sensitivity of 100 % on gastric aspirate, sulfide derivatives may inter-
fere, resulting in false positive outcomes. To differentiate, applying
ammonium molybdate on dark filter paper induces a bluish discolor-
ation solely in the presence of phosphine gas [87,88].

6. Conclusion

ALP is a well-known fatal pesticide poisoning with substantial mor-
talities and adverse outcomes. The Glu-K ratio exhibited a significant
correlation and a comparable outcome prediction to PSS and PGIL
Additionally, assessing the on-admission Glu-K ratio indicates the sur-
vival duration of ALP-poisoned patients. Accordingly, our study rec-
ommends adopting the initial Glu-K ratio as a reliable routine biomarker
for assessing poisoning severity and outcomes probability to stratify the
high-risk ALP-poisoned patients for appropriate intensive management,
especially with limited hospital resources.
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