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Abstract: Background: Aluminum phosphide is a severe poisoning that can lead to death.
Easy availability with no specific antidote is the leading cause of the higher mortality with it.
Case report: The study represents a case report of a 5-year-old male who came after oral
ingestion of aluminum phosphide and presented with vomiting, sleep, low blood pressure of
80/20, and a regular and rapid pulse of about 140 per minute. Gastric lavage was done rapidly
with 3 bottles of paraffin oil, then 1 bottle was given every 1 h for 4 cycles. Complete laboratory
investigations were performed for the patient, such as arterial blood gas, liver enzymes,
electrolytes, full blood count, and renal function, which showed normal function except for
metabolic acidosis with overcompensated respiratory alkalosis. The patient was transferred to
the pediatric intensive care unit, where we gave a dose of 1 mEq sodium bicarbonate per kg
with N-acetylcysteine 150 mg/kg in 100 mL of 5% glucose for 2 h under coverage of
hydrocortisone and Avil. Antiemetics and proton pump inhibitors were given regularly every
12 h. After discussion with the pediatric specialist, the ejection fraction of the child by
echocardiography was low, about 40%, and levosimendan was recommended to be given to
the patient. The patient was given a bolus dose of 6 png/kg over 10 min, followed by an infusion
of 0.1 pg/kg/min with excellent response for 48 h. After admission for one week, the patient
recovered completely, the ejection fraction became 55%, and the patient was discharged safely
to home. Conclusion: Acute accidental exposure to AlP, either accidentally or suicidally or
rarely homicidally, presents a significant threat to human life with many toxic effects,
especially on the heart. Levosimendan is a drug that is used in decompensated heart failure and
can be used as an inotropic agent in acute AlP toxicity.
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1. Introduction

In underdeveloped countries, the most often utilized pesticide or rodenticide for
grain preservation is aluminum phosphide (AIP). It is an excellent poison for suicidal
purposes, occasionally for accidental purposes, and infrequently for homicidal
purposes due to its easy availability, low cost, high fatality rate, and lack of a specific
antidote [1,2].

Suicidal intake of wheat-preserving medicines is becoming more common in
Egypt each year [3].

The most deadly of these metal phosphides is AIP, which belongs to the same
family as magnesium, calcium, and zinc phosphide [4].

When AIP is taken orally, it quickly releases the highly poisonous phosphine (PH3)
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gas, which disrupts cellular respiration [5]. Phosphine gas, when inhaled, is involved
in multi-organ failure with various mechanisms [6].

By inhibiting cytochrome oxidase activity and adenosine triphosphate (ATP)
synthesis, PH3 disrupts mitochondrial function. Furthermore, by boosting the
generation of reactive oxygen species (ROS) and blocking enzymatic antioxidants
such as catalase (CAT), glutathione reductase (GR), and superoxide dismutase (SOD),
phosphine induces oxidative stress. Lipid peroxidation, which results from an
unbalanced redox state, damages numerous cellular components and accelerates
cellular death [5].

The toxic effects of AIP poisoning frequently manifest as dysfunction in multiple
organs, with the liver, the kidneys, and the heart being particularly susceptible to its
harmful impact [7].

AIP causes serious poisoning in which severe cardiac suppression is a significant
lethal consequence [8].

Clinically, acute AIP poisoning manifests with severe metabolic acidosis and
refractory cardiogenic shock [9].

Due to the absence of an antidote, the treatment for phosphide poisoning is
limited to providing supportive measures. Regrettably, acute AIP poisoning is linked
to a significant fatality rate [3].

As a calcium sensitizer, levosimendan increases the heart’s sensitivity to calcium,
enhancing cardiac contractility without elevating intracellular calcium levels. A novel
and efficient therapy for abruptly decompensated heart failure is levosimendan [10,11].

Levosimendan may reduce cardiovascular toxicity caused by AIP poisoning in
the rat model, according to experimental research. Administration of levosimendan
improved the lowering of heart rate, blood pressure, cardiac output, ejection fraction,
and stroke volume. Additionally, after acute AIP poisoning, levosimendan markedly
enhanced complex mitochondrial IV activity, the ADP/ATP ratio, apoptosis,
malondialdehyde, lactate, and troponin I levels. According to Armandeh et al. [8], they
concluded that levosimendan may improve heart function and reduce AlP-induced
cardiotoxicity by modifying mitochondrial activity, so further research is necessary to
determine levosimendan’s possible clinical application in acute AlP toxicity.

In our case report, we utilized levosimendan to enhance the heart’s contractility
and improve the patient’s medical condition, in addition to standard treatment.

2. Case report presentation

On the 1st of March 2025, at 6 pm, a 22-year-old female, accompanied by her 6-
year-old daughter, 8-year-old son, and 5-year-old son, presented to the Emergency
Hospital in New Sohag, Sohag, Egypt, with a 4-h delay after oral AIP ingestion, and
they presented with acute AIP toxicity signs. The history was that after the three
children came from school, the mother gave them a glass of water after dissolving an
aluminum phosphide tablet, and they all drank from the glass of water. The mother
came with the clinical manifestations of severe cardiogenic shock, non-palpable pulse,
dilated fixed pupil, bradypnea (10 respiratory rates per minute), oxygen saturation of
70%, unconsciousness, poisoning severity score (PSS) of 4, and hypothermia of 34 °C.
Cardiopulmonary resuscitation was started immediately for the mother, but
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unfortunately, she passed away within 1 h in the emergency room. The 6-year-old
female child also came with severe shock, an unpalpable pulse, and monitors attached,
which showed premature ventricular contraction with a slow pulse of 60/min, SPO, <
80%, high random blood sugar, and hypothermia. The female child was intubated and
admitted to the pediatric intensive care unit to be put on mechanical ventilation and
norepinephrine, but she passed away within 6 h after resuscitation.

The 8-year-old male child was vitally stable, Spo, > 97%, HCO:- is 23 mEq/L,
and PCO; = 37 mmHg. He was fully conscious and came only with a history of
vomiting once before arrival at the hospital. Washing with paraffin oil was performed
rapidly on the child using 3 bottles of paraffin oil, followed by 1 bottle administered
every hour for 4 cycles. The child was admitted inpatient for two days on fluids,
antiemetics, proton pump inhibitors, hydrocortisone, and parenteral N-acetylcysteine
as an antioxidant. The child’s general condition was excellent, and his arterial blood
gas (ABQG), electrocardiogram (ECG), echocardiography, and renal and liver function
tests were normal, and he was discharged after two days.

Finally, the last child, 5 years came with vomiting, sleep, low blood pressure
(80/20), and a regular and rapid pulse of about 140 per minute. Gastric lavage was
performed rapidly with 3 bottles of paraffin oil, followed by 1 bottle administered
every hour for 4 cycles.

Complete laboratory investigations were performed on the patient, including
arterial blood gas analysis, liver enzyme levels, electrolyte measurements, a complete
blood count, and renal function tests, which revealed normal function except for
metabolic acidosis with overcompensated respiratory alkalosis. His ABG was pH =
7.46, PCO, = 30 mmHg, PO, = 110 mmHg, and HCOs = 16 mEg/L. Serum
pseudocholinesterase levels were measured and found to be normal.

The patient was transferred to the pediatric intensive care unit, where a dose of 1
mEq of sodium bicarbonate per kg was given with 150 mg/kg of N-acetylcysteine on
100 mL of 5% glucose for 2 h under coverage of hydrocortisone and Avil. Then, 100
mg of N-acetylcysteine per kg was administered over 500 mL of 5% glucose for 16 h
to avoid the load of intravenous fluids that would occur with 1000 mL. Antiemetics
and proton pump inhibitors were given regularly every 12 h. After discussion with the
pediatric specialist, the child’s ejection fraction, as measured by echocardiography,
was found to be low, approximately 40%, and levosimendan was recommended for
the patient.

The patient was given a bolus dose of 6 pg/kg over 10 min, followed by an
infusion of 0.1 pg/kg/min with excellent response for 48 h.

After admission for one week, the patient recovered completely, the ejection
fraction became 55%, and the patient was discharged safely to home.

3. Discussion

One of the leading causes of acute aluminum phosphide toxicity is phosphine gas,
which results from the catalytic interaction of AIP with gastrointestinal acid (HCI).
The stomach mucosa quickly absorbs the phosphine gas, which enters the bloodstream
and travels to different tissues. It impacts the heart, lungs, kidneys, and liver, exhibiting
severe cardiac arrhythmias and cardiogenic shock that is untreatable in many cases
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and leads to death [11].

Acute AIP toxicity cases have a high mortality rate even in intensive care units
due to early hemodynamic failure and multi-organ failure [12].

Many prognostic factors in acute AIP toxicity indicate poor outcomes, like
suicidal purposes, the delayed time till presentation, increasing the ingested dose of
AIP, metabolic acidosis, abnormal ECG, and hypotension at the time of admission [13].

The mother and the 6-year-old daughter presented with poor prognostic factors
such as low blood pressure, metabolic acidosis, and severe arrhythmia that resulted in
death within less than 24 h.

Shadnia et al. [14] explained that within 24 h, 95% of patients pass away, and
cardiac dysrhythmia is the leading cause of death in this group. After 24 h, shock,
acidosis, acute respiratory distress syndrome, and cardiac dysrhythmia are typically
the causes of death.

Gastric lavage was done to each of the 8-year-old and 5-year-old sons rapidly
using 3 bottles of paraffin oil, followed by 1 bottle administered every hour for 4 cycles.

Previous studies proved that paraffin oil was found to lower the emission of
phosphine gas due to limiting AIP’s reactivity with water and stomach acid and by
lowering phosphine absorption from the gastric mucosa; furthermore, paraffin oil
improves GIT motility, which increases phosphide excretion [3].

The 5-year-old child was found to be sleepy with low blood pressure, 80/20, and
a regular rapid pulse of about 140 per minute. He was admitted to the pediatric
intensive care unit, where echocardiography was approximately 40%, and
levosimendan was recommended for the patient. The patient was given a bolus dose
of 6 pug/kg over 10 min, followed by an infusion of 0.1 pg/kg/min with an excellent
response after 48 h.

Levosimendan is an inotropic drug that is used to treat heart failure. It binds to
cardiac troponin-C and a vascular K+ adenosine, making it a myocardial calcium
sensitizer. Levosimendan may maintain diastolic function due to its distinct troponin-
C interaction. Vasodilation and the positive inotropic effect reduce preload and
afterload and promote cardiac contractility. Levosimendan was favored over
dobutamine because it preserved diastolic function and increased myocardial oxygen
demand [1].

The potential benefits of levosimendan are highlighted by its capacity to make
contractile proteins more sensitive to calcium, which has a positive inotropic effect.
Levosimendan immediately affects the shocked myocardial tissue’s contractility and
enhances its functionality [15,16]. Levosimendan causes coronary and systemic
vasodilation by activating potassium channels susceptible to adenosine triphosphatase [ 17].
Using levosimendan in advanced heart failure was approved to be safe and associated with
clinical improvement despite no effect on mortality rate [18].

Searching for new treatments that increase the ejection fraction became an
important topic; levosimendan was the best drug for improving ventricular
contractility [19].

In a clinical trial on patients with severe, low-output heart failure conducted by
Follath et al. [20], levosimendan improved hemodynamic performance more
effectively than dobutamine. This benefit was accompanied by lower mortality in the
levosimendan group than in the dobutamine group for up to 180 days.
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Levosimendan is a promising, safe drug in cases associated with low ejection
fraction and should be applied in a large clinical study to see its effectiveness [1].

4. Conclusion

This case report in the current study suggests that levosimendan can be used as
an inotropic agent in acute aluminum phosphide toxicity in cases with hypotension
and low ejection fraction with promising effects.

5. Recommendations

Randomized clinical trials are recommended to use levosimendan as a possible
antidote for acute AIP toxicity cases with cardiovascular manifestations in comparison
to the standard treatment, like dobutamine.
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