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Abstract 

Introduction: Aluminum Phosphide (AlP) poisoning is a life-threatening condition that commonly 
occurs in developing countries, often resulting in cardiac, respiratory, and metabolic complications, 
leading to multi-organ failure and mortality. Extracorporeal Membrane Oxygenation (ECMO) has 
been proposed as a potential therapy for severe AlP poisoning cases refractory to conventional 
management, though its use remains controversial. 

Methodology: for this literature review, we conducted a comprehensive analysis of existing 
literature concerning the utilization of ECMO in patients with severe AlP poisoning. We meticulously 
examined available publications to explore the relationship between ECMO initiation and patient 
outcomes. 

Discussion: The review reveals that early ECMO initiation within 6 hours of presentation is 
associated with better outcomes and higher survival rates in severe AlP poisoning cases. However, 
uncertainties persist regarding the optimal timing and duration of ECMO support, and potential 
complications, including bleeding, acute renal injury, and ventilator-associated pneumonia, need 
careful consideration. 

Conclusion: Despite promising results in certain cases, the risks and benefi ts of ECMO in AlP 
poisoning require meticulous evaluation. Ethical considerations, encompassing resource allocation 
and implications for other patients, necessitate appropriate patient selection criteria.

Introduction 

Aluminum phosphide is used in Morocco as a fumigant 
to control rodents and pests in grain storage facilities [1]. 
The trade name of the fumigant is Phostoxin®, and it comes 
in the form of dark gray tablets of 3 g each, consisting of 
aluminum phosphide (56%) and aluminum carbamate 
(44%) [2]. Aluminum phosphide is highly toxic, low cost, and 
easily accessible [2]. This explains why it is the main cause of 
poisoning in developing countries [2]. 

Aluminum phosphide (AlP) poisoning is a serious and 
potentially fatal condition that results from ingestion or 
inhalation of aluminum phosphide [3]. The poisoning can 
occur accidentally or intentionally, and it is particularly 
common in developing countries where regulations on 
pesticide use are less stringent [4,5]. 

A dose of 0.15 – 0.5 g is generally considered a fatal dose. 
The mortality rate is therefore usually above 40% and has 

been reported to be even 90% in some cases [2,6]. It has been 
supposed that using supportive extracorporeal treatment 
may help the patient to pass the irst hours of toxicity which 
are the most critical ones. Giving enough time to the patient 
to survive, these critical hours may help the cardiovascular 
system to recover itself and save the patient’s life. 

Symptoms of AlP poisoning 

Acute AIP poisoning can cause a wide range of symptoms 
that can affect multiple organ systems. The most common 
symptoms include gastrointestinal symptoms such as 
nausea, vomiting, abdominal pain, and diarrhea. These 
symptoms can develop within hours of exposure and can 
lead to dehydration and electrolyte imbalances [7,8]. 

AIP exposure can also affect the cardiovascular system, 
causing symptoms such as hypotension, tachycardia, and 
arrhythmias [9]. Respiratory symptoms are also common 
and can range from mild dyspnea to severe respiratory 
distress and acute respiratory failure [10]. 
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Central Nervous System (CNS) symptoms can develop 
rapidly after exposure and can include agitation, confusion, 
seizures, and coma [11]. AIP poisoning can also affect 
the hematological system, causing abnormalities such as 
leukocytosis, thrombocytopenia and disseminated intra-
vascular coagulation [12]. 

Other symptoms of AIP poisoning can include renal 
failure, liver dysfunction, and metabolic acidosis [13]. It is 
important to note that the severity and onset of symptoms 
can vary depending on the dose and duration of exposure as 
well as individual susceptibility [14]. 

Several studies have reported on the clinical presentation 
of AIP poisoning. In a study, gastrointestinal symptoms were 
present in 94.7% of patients, while cardiovascular symptoms 
were present in 64.4% of cases. Respiratory symptoms were 
observed in 57.9% of patients, and neurological symptoms 
were observed in 31.1% of cases. Hematological abnormalities 
were seen in 52.9% of patients, and renal failure occurred in 
16.5% of cases [15]. Another study reported similar indings, 
with gastrointestinal symptoms being the most common 
(97.5%), followed by cardiovascular (76.2%), respiratory 
(69.2%), and neurological symptoms (29.8%) [16]. 

The toxicity of AIP is dose-dependent, with higher doses 
causing more severe symptoms and a higher risk of mortality 
[17]. The route of exposure can also impact toxicity, with 
inhalation and ingestion being the most common routes of 
exposure [18]. The duration of exposure can also play a role, 
with prolonged exposure increasing the risk of toxicity [17]. 

Individual susceptibility to AIP toxicity can vary, with 
certain populations such as children, pregnant women, 
and individuals with pre-existing respiratory or cardiac 
conditions being at a higher risk of toxicity [19]. 

Mechanism of toxicity of AlP poisoning 

The mechanism of AlP toxicity is complex and not 
completely understood. The main toxic effects of AlP result 
from the release of phosphine gas (PH3) upon contact with 
moisture, which leads to cellular damage through multiple 
pathways [3,20]. 

The toxic effects of phosphine gas are thought to occur 
through several mechanisms, including inhibition of 
mitochondrial respiration and oxidative phosphorylation, 
inhibition of enzymes involved in energy production, 
and generation of Reactive Oxygen Species (ROS) leading 
to oxidative stress and lipid peroxidation (1, 2) [3,20]. 
Additionally, phosphine can induce DNA damage, activate 
apoptotic pathways, and cause cell cycle arrest [21,22]. 

Aluminum Phosphide (AlP) poisoning can cause 
signi icant cardiovascular effects due to the release of toxic 
phosphine gas in the body. The phosphine gas can cause 
myocardial depression, leading to decreased cardiac output, 

hypotension, and bradycardia. In severe cases, AlP poisoning 
can cause cardiogenic shock, arrhythmias, and even cardiac 
arrest [23]. The exact mechanism by which AlP affects the 
cardiovascular system is not well understood, but it is 
believed to be multifactorial. Some studies suggest that the 
toxic effects of phosphine gas on mitochondrial respiration 
and oxidative stress can lead to myocardial damage and 
dysfunction. Additionally, the release of nitric oxide and 
other in lammatory mediators in response to AlP poisoning 
can also contribute to cardiovascular effects [23] (Figure 1). 

Also, AlP toxicity has been reported to cause 
disturbances in the production and metabolism of certain 
neurotransmitters and hormones. Studies have shown that 
AlP poisoning can lead to an increase in acetylcholine levels, 
which can cause a cholinergic crisis and contribute to cardiac 
dysfunction [24]. Additionally, AlP toxicity has been linked 
to an increase in norepinephrine levels, which can result in 
hypertension and tachycardia [25]. 

Furthermore, AlP poisoning has been shown to cause 
disturbances in cortisol metabolism, leading to a decrease 
in cortisol levels [26]. This decrease in cortisol levels can 
result in hypoglycemia, which can further contribute to the 
development of multiorgan dysfunction in AlP-poisoned 
patients [26]. 

The inhibition of cytochrome oxidase by AIP can lead to 
hematological abnormalities, including methemoglobinemia, 
which can further exacerbate tissue hypoxia [18]. 

Figure 1: Flow chart demonstrating the various mechanisms of the cardiovascular 
eff ects of aluminum phosphide poisoning [23].
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In conclusion, AIP is a highly toxic pesticide that can cause 
multi-organ failure and death by inhibiting mitochondrial 
cytochrome oxidase and leading to cellular hypoxia. The 
toxicity of AIP is dose-dependent and can be impacted by 
the route and duration of exposure, as well as individual 
susceptibility. AIP exposure can also affect the production 
and metabolism of certain neurotransmitters and hormones, 
which can have signi icant impacts on physiological functions. 

Conventional therapy in AlP poisoning 

The management of AlP poisoning is challenging and 
requires a multidisciplinary approach, there is currently no 
speci ic antidote for this condition. Therefore, the treatment 
is mainly supportive and focuses on preventing further 
absorption of the poison, maintaining vital organ functions, 
and managing complications. The current management 
strategies for AlP poisoning include: 

• Gastric decontamination: The irst step in managing 
AlP poisoning is to perform gastric lavage to remove 
any unabsorbed AlP in the stomach. Activated 
charcoal can also be given to adsorb any remaining 
AlP. However, the use of gastric lavage is controversial, 
and it may increase the risk of complications such as 
aspiration and perforation [27]. 

• Mechanical ventilation is a cornerstone in the 
management of severe AlP poisoning. It is essential in 
maintaining oxygenation and preventing respiratory 
failure. However, there is no consensus on the optimal 
ventilation strategy, and different approaches have 
been suggested in the literature, including protective 
lung ventilation and permissive hypercapnia [17]. 

• Vasopressors may be required to maintain adequate 
blood pressure in cases of severe hypotension 
refractory to luid resuscitation. However, their use 
should be cautious as they may worsen cardiovascular 
and respiratory function. Norepinephrine has been 
suggested as the preferred vasopressor in AlP 
poisoning due to its bene icial effects on both the 
cardiovascular and pulmonary systems [28]. 

• Fluid and electrolyte management is essential in 
the management of AlP poisoning. Patients with 
severe poisoning may require large volumes of 
luid resuscitation to maintain organ perfusion. 

However, excessive luid administration may lead to 
pulmonary edema and worsen respiratory function. 
Close monitoring of electrolyte levels, particularly 
potassium, is essential as hypokalemia is a common 
complication of AlP poisoning [17]. 

• Hyperbaric oxygen therapy (HBOT) has been proposed 
as a potential adjunctive therapy in AlP poisoning. 
HBOT may improve tissue oxygenation and reduce 

oxidative stress, which is thought to play a role in the 
pathogenesis of AlP poisoning. However, the evidence 
for the ef icacy of HBOT in AlP poisoning is limited, 
and further research is needed to establish its role in 
the management of this condition [29]. 

• Sodium bicarbonate has been used in the management 
of AlP poisoning due to its ability to correct metabolic 
acidosis and enhance the elimination of phosphine gas. 
However, the evidence for its ef icacy is con licting, 
and its routine use is not recommended [17]. 

• Magnesium sulfate has been proposed as a potential 
therapy for AlP poisoning due to its ability to reduce 
oxidative stress and improve cardiovascular function. 
However, the evidence for its ef icacy is limited, and 
further research is needed to establish its role in the 
management of this condition [30]. 

• Renal replacement therapy may be required in cases 
of severe acute kidney injury (AKI) secondary to AlP 
poisoning. Continuous Venovenous Hemo iltration 
(CVVH) has been suggested as the preferred modality 
due to its ability to correct luid and electrolyte 
imbalances and remove toxic metabolites [28]. 

However, the limitations of existing treatments for AlP 
poisoning are signi icant. First, the toxicity of AlP can rapidly 
progress to multi-organ failure, which limits the effectiveness 
of supportive care. Second, the release of phosphine gas can 
continue even after ingestion, which can lead to further 
toxicity and worsen the clinical condition. Finally, the delayed 
onset of symptoms and lack of speci ic diagnostic tests can 
delay treatment and worsen the prognosis [29,31,32]. 

Potential benefi ts of ECMO in managing AlP poisoning 

ECMO may be bene icial in managing AlP poisoning 
through several potential mechanisms. 

First, AlP poisoning can cause severe respiratory and 
cardiovascular complications, including Acute Respiratory 
Distress Syndrome (ARDS), pulmonary edema, hypotension, 
and shock [33,34]. ECMO provides advanced respiratory 
and circulatory support, which can help alleviate these 
complications and improve oxygenation and ventilation 
in the lungs. By providing extracorporeal oxygenation and 
carbon dioxide removal, ECMO can support the patient's 
respiratory function while minimizing further damage to the 
lungs caused by mechanical ventilation. 

Second, AlP poisoning can also cause severe metabolic 
acidosis, which can lead to multiple organ failure and death. 
ECMO can help correct metabolic acidosis by improving 
oxygen delivery and carbon dioxide removal, which can 
lead to improved tissue perfusion and reduced lactate 
accumulation [35]. 
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Third, AlP poisoning can cause signi icant cardiac 
toxicity, leading to arrhythmias, myocardial dysfunction, and 
hemodynamic instability [36]. ECMO can provide circulatory 
support, which can help maintain cardiac output, perfusion, 
and blood pressure. ECMO can also help reduce the workload 
on the heart and improve myocardial function by decreasing 
the afterload and providing adequate oxygenation to the 
cardiac muscle. 

Fourth, ECMO can also potentially help remove circulating 
toxins, such as phosphine gas, which is a primary toxic 
metabolite of AlP [36]. By removing these toxins, ECMO may 
reduce the severity and progression of AlP poisoning and 
improve patient outcomes. 

Several case reports and case series have suggested that 
ECMO can be an effective rescue therapy in patients with 
severe AlP poisoning who are refractory to conventional 
management. 

A retrospective study of 36 patients with AlP poisoning 
who were treated with ECMO found that the intervention was 
associated with improved oxygenation, hemodynamics, and 
survival rates [37]. Another retrospective study of 34 patients 
with severe AlP poisoning who underwent ECMO reported a 
survival rate of 82.4%, with signi icant improvements in gas 
exchange and hemodynamics [38]. Similarly, a retrospective 
study in Iran evaluated the outcomes of 45 patients with AlP 
poisoning who were treated with ECMO between 2013 and 
2016. The study reported an overall survival rate of 53%, and 
the authors suggested that ECMO can be an effective therapy 
for AlP poisoning [39]. 

A recent systematic review and meta-analysis of the use 
of ECMO in patients with poisoning, including AlP poisoning, 
found that the intervention was associated with a pooled 
survival rate of 68.7% [40]. The authors noted that while the 
quality of evidence was low, the results suggested that ECMO 
may be an effective option for managing severe cases of 
poisoning, including those caused by aluminum phosphide. 

A meta-analysis of six studies involving a total of 165 
patients also found that ECMO was associated with a 
signi icantly higher survival rate (70.9%) compared to 
conventional therapy (30.8%) (p < 0.01) [41]. 

A more recent systematic review and meta-analysis of the 
available literature found that ECMO was associated with a 
signi icantly higher rate of survival compared to conventional 
management alone (RR 1.96, 95% CI 1.32 - 2.91, p = 0.001) 
[42]. The analysis included seven studies with a total of 94 
patients who underwent ECMO for AlP poisoning. 

Technique 

Extracorporeal Membrane Oxygenation (ECMO) is a 
technique that provides temporary cardiopulmonary support 
by removing blood from the body, oxygenating it outside 

the body using a membrane oxygenator, and returning it 
to the patient's circulation [43]. ECMO can be used in the 
management of severe cases of AlP poisoning, which can 
lead to refractory cardiogenic shock and Acute Respiratory 
Distress Syndrome (ARDS). 

There are two types of ECMO: Veno-Venous (V-V) and 
Veno-Arterial (V-A). V-V ECMO provides respiratory support 
by oxygenating blood outside of the body and returning 
it to the venous system, while V-A ECMO provides both 
respiratory and cardiovascular support by oxygenating the 
blood and pumping it back into the arterial system [44]. 

In patients with AlP poisoning, both V-V and V-A ECMO 
have been used as supportive therapy to improve oxygenation 
and circulation. However, the choice of ECMO modality 
depends on the severity and type of organ failure. V-A ECMO 
is preferred in patients with concurrent cardiogenic shock 
or cardiovascular collapse, while V-V ECMO is preferred in 
patients with isolated respiratory failure [37,44,45]. 

In V-A ECMO, a cannula is inserted into a large artery 
(usually the femoral artery) to draw blood out of the body 
and through the oxygenator. After oxygenation, the blood 
is returned to the body via a cannula placed in the aorta or 
another large artery [46]. The ECMO circuit is connected 
to a pump that provides pulsatile blood low to support 
circulation. In contrast, V-V ECMO utilizes the cannulation 
of two large veins (usually the femoral vein and the internal 
jugular vein) to create a circuit for oxygenation and carbon 
dioxide removal [47]. 

ECMO support can be continued until the patient recovers 
from the acute phase of AlP poisoning and organ function 
improves [48]. However, ECMO is a complex and resource-
intensive procedure that requires specialized equipment, 
trained personnel, and appropriate infrastructure [49].

Figure 2 summarizes the entire circuit of ECMO with the 
possibility of connection with a dialysis machine [50]. 

Timing of ECMO initiation in AlP poisoning 

The optimal timing of ECMO initiation in AlP poisoning 
remains uncertain and is an area of ongoing research. Some 
studies have reported that earlier initiation of ECMO may be 
associated with better outcomes. 

In a retrospective study of 15 patients with AlP poisoning 
who were treated with ECMO, Shahrami, et al. reported that 
patients who received ECMO within 6 hours of admission 
had a higher survival rate compared to those who received 
ECMO after 6 hours (80% vs. 50%, p = 0.11) [51]. Another 
retrospective study of 63 patients with severe AlP poisoning 
who underwent ECMO found that patients who received 
ECMO within 6 hours of presentation had a signi icantly 
higher survival rate compared to those who received ECMO 
after 6 hours (62.5% vs. 30.8%, p = 0.04) [52]. 
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Similarly, Soltaninejad, et al. reported that patients who 
underwent ECMO within 12 hours of presentation had a 
higher survival rate compared to those who underwent 
ECMO after 12 hours (100% vs. 50%, p = 0.13) [53]. Another 
retrospective study of 51 patients with AlP poisoning who 
underwent ECMO found that earlier initiation of ECMO was 
associated with improved survival [54]. In a recent systematic 
review and meta-analysis of ECMO in AlP poisoning, the 
authors concluded that early ECMO initiation was associated 
with better outcomes, including lower mortality rates and 
fewer complications [55]. 

However, other studies have not found a signi icant 
difference in outcomes based on the timing of ECMO 
initiation. For example, a retrospective study of 38 patients 
with AlP poisoning who underwent ECMO found no 
signi icant difference in survival rates between those who 
received ECMO within 24 hours of hospital admission and 
those who received ECMO after 24 hours (63.6% vs. 60%, 

respectively) [56]. Also, a more recent systematic review and 
meta-analysis of the available literature found that there was 
no signi icant difference in survival between patients who 
underwent ECMO early (within 12 hours of presentation) 
and those who underwent ECMO later (after 12 hours) [57]. 
However, it is important to note that the majority of studies 
included in the analysis were retrospective and had small 
sample sizes. 

Overall, while the available evidence suggests that 
early initiation of ECMO may be associated with improved 
outcomes in cases of severe AlP poisoning, further research 
is needed to establish the optimal timing of ECMO initiation. 
Factors that may in luence the timing of ECMO initiation 
include the severity. 

Indication for ECMO in patients with AlP poisoning 

Extracorporeal Membrane Oxygenation (ECMO) is a 
supportive therapy that has been used in the management 
of severe AlP poisoning. ECMO is indicated in patients with 
severe refractory hypoxemia and/or cardiovascular collapse 
despite maximal medical therapy. 

The EOLIA (ECMO to rescue Lung Injury in severe ARDS) 
trial, published in the New England Journal of Medicine in 
2018, demonstrated improved survival in patients with 
severe acute respiratory distress syndrome (ARDS) who 
received early ECMO compared to those who received 
conventional mechanical ventilation alone [58]. The EOLIA 
criteria are used to identify patients with severe ARDS 
who may bene it from ECMO. These criteria include severe 
hypoxemia (PaO2/FiO2 ratio <50 mmHg for more than three 
hours despite protective mechanical ventilation) and a high 
predicted risk of death [58]. 

The CESAR (Conventional ventilatory support vs. ECMO 
for severe adult respiratory failure) trial, published in 
2009, evaluated the use of ECMO in patients with severe 
acute respiratory failure. The trial demonstrated improved 
survival and quality of life in patients who received ECMO 
compared to those who received conventional mechanical 
ventilation [59]. 

The Extracorporeal Life Support Organization (ELSO) 
guidelines provide indications for the use of ECMO in various 
clinical scenarios, including respiratory failure, cardiac 
failure, and Extracorporeal Cardiopulmonary Resuscitation 
(ECPR). The ELSO guidelines recommend ECMO in patients 
with severe respiratory failure who meet EOLIA criteria, 
have reversible disease, and are not moribund [60,61]. 

Table 1 summarizes the main indications for ECMO V-V 
according to the most important studies and recommenda-
tions [58,59,62,63]. 

In summary, ECMO is an important supportive therapy in 
the management of severe AlP poisoning, particularly in cases 

Figure 2: Extracorporeal membrane oxygenation. A: The circuit for veno-venous 
ECMO (VVECMO). B: The circuit for veno-arterial ECMO (VA-ECMO). C: Continuous 
renal replacement therapy, such as continuous veno-venous hemodialfi ltration/
hemodialysis (CVVHDF/HD) can be performed simultaneously [50].
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of refractory hypoxemia and/or cardiovascular collapse. The 
EOLIA criteria, CESAR trial, and ELSO guidelines provide 
valuable information for the use of ECMO in various clinical 
scenarios. It is important to note that the decision to initiate 
ECMO in patients with severe AlP poisoning should be made 
on a case-by-case basis, taking into account the individual 
patient's clinical presentation, comorbidities, and response 
to initial therapies. A multidisciplinary team approach, 
including toxicologists, intensivists, and ECMO specialists, 
should be utilized to determine the most appropriate 
treatment strategy for each patient. 

Complications of ECMO in patients with AlP poisoning 

ECMO is a complex and invasive technique, and patients 
who receive it may experience a variety of complications. In 
patients with severe AlP poisoning who received V-V ECMO 
or V-A ECMO, complications can be even more common and 
severe due to underlying toxicity and in lammation. The 
mechanism of ECMO-related complications in patients with 
AlP poisoning is not completely understood, but it is likely 
multifactorial [64-66]. 

One possible mechanism of ECMO-related complications 
is the activation of the coagulation system, which can lead 
to thrombus formation and subsequent organ damage. AlP 
poisoning has been shown to induce a hypercoagulable state, 
and the use of ECMO can further exacerbate this by activating 
platelets and the coagulation cascade [67]. Additionally, 
ECMO can cause mechanical damage to the blood cells and 
vessel walls, leading to the release of procoagulant factors 
and further contributing to the development of thrombosis 
[68]. 

Another possible mechanism of ECMO-related compli-

cations is the development of infections. ECMO is associated 
with a higher risk of infections due to the invasive 
nature of the procedure, prolonged hospital stays, and 
immunosuppression caused by the underlying disease [69]. 
Patients with AlP poisoning are particularly susceptible to 
infections due to the direct toxic effect of AlP on the immune 
system, as well as the use of antibiotics and corticosteroids 
during treatment [67]. 

Other potential mechanisms of ECMO-related compli-
cations in patients with AlP poisoning include hemolysis, 
hemorrhage, and organ dysfunction caused by ischemia-
reperfusion injury [68]. The speci ic mechanisms and risk 
factors for each complication may vary depending on the 
type of ECMO used (V-V or V-A) and the individual patient's 
condition. 

Overall, the use of ECMO in patients with severe AlP 
poisoning is a complex and risky procedure that requires 
careful consideration of the potential bene its and risks. 
The management of ECMO-related complications requires a 
multidisciplinary approach involving critical care specialists, 
infectious disease experts, and hematology consultants to 
ensure the best possible outcomes for the patient. 

Recent studies have reported on the complications of 
ECMO in patients with severe AlP poisoning who received 
V-V ECMO or V-A ECMO. A retrospective study conducted 
by Zhang, et al. on 38 patients with acute AlP poisoning who 
received ECMO found that 52.6% of patients experienced 
complications, including bleeding, acute renal injury, and 
ventilator-associated pneumonia [70]. 

Another retrospective study conducted by Khan, et al. on 
60 patients with AlP poisoning who received ECMO reported 

Table 1: Indications for VV-ECMO [58,59,62,63].
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that the most common complications were bleeding, acute 
renal injury, and sepsis [71]. 

Another study of 57 patients with AlP poisoning who 
received ECMO found similar results, with a survival rate of 
47.4%. The study also found that the incidence of bleeding, 
thrombosis, and infection was high, occurring in 38%, 26%, 
and 18% of patients, respectively. However, the study found 
a lower incidence of neurologic injury, occurring in only 
5.3% of patients [72]. 

In a systematic review and meta-analysis by Wang, et 
al. the overall incidence of ECMO-related complications in 
patients with AlP poisoning was found to be 45.5%, with 
bleeding being the most common complication. The study 
also found that patients who received V-A ECMO had a higher 
incidence of complications than those who received V-V 
ECMO [73]. 

Overall, while ECMO can be effective in treating severe 
cases of AlP poisoning, it is associated with signi icant risks 
and complications that must be carefully monitored and 
managed. 

Weaning from ECMO in patients with AIP poisoning 

Weaning from ECMO in patients with AIP poisoning is a 
critical process that requires careful monitoring and gradual 
reduction in support. The optimal strategy for weaning from 
ECMO in these patients has not been well established, but 
several studies have reported successful outcomes using 
different approaches. 

One strategy that has been reported in the literature 
involves a gradual reduction in the ECMO low rate over 
a period of several days while monitoring oxygenation, 
hemodynamics, and metabolic parameters. This approach 
has been used successfully in several case reports and small 
case series [74-76]. 

Another strategy involves using the ELSO guidelines for 
ECMO weaning, which recommend a stepwise approach that 
involves reducing ECMO support while increasing ventilator 
support and monitoring patient response [77]. This approach 
has also been used successfully in several case reports and 
case series [78,79]. 

Regardless of the strategy used, close monitoring 
of the patient's clinical status, including oxygenation, 
hemodynamics, and metabolic parameters, is essential 
during the weaning process. Some studies have reported that 
patients with AIP poisoning may have delayed recovery of 
lung function after ECMO support, and prolonged ventilator 
support may be necessary [74,79]. 

In summary, the optimal strategy for weaning from 
ECMO in patients with AIP poisoning remains uncertain, 
but several approaches have been reported in the literature 

with successful outcomes. Close monitoring of the patient's 
clinical status and the use of a stepwise approach are key 
components of any weaning strategy. 

Long-term evolution of patients receiving ECMO for 
AlP Poisoning 

There are several studies that have reported long-term 
outcomes of patients who received ECMO for severe AlP 
poisoning. 

One study from China reported on 31 patients with AlP 
poisoning who received ECMO, and found that 19 (61.3%) 
survived hospital discharge. Of these survivors, 14 were 
followed up for a mean of 21.6 months, and all were found 
to have good long-term outcomes, with no signi icant 
neurological de icits or other complications. However, the 
study had a small sample size and lacked a control group [80]. 

Another study from India reported on 24 patients with 
AlP poisoning who received ECMO, and found that 18 (75%) 
survived hospital discharge. Of these survivors, 16 were 
followed up for a mean of 6 months, and all were found to have 
good long-term outcomes, with no signi icant neurological 
de icits or other complications. However, this study also had 
a small sample size and lacked a control group [81]. 

A larger retrospective study from Iran reported on 
136 patients with AlP poisoning who received ECMO, and 
found that 63 (46.3%) survived hospital discharge. Of these
survivors, 47 were followed up for a mean of 22.5 months, 
and 44 (93.6%) were found to have good long-term 
outcomes, with no signi icant neurological de icits or other 
complications. However, this study was also limited by its 
retrospective design and lack of a control group [82]. 

Overall, these studies suggest that patients who survive 
hospital discharge after receiving ECMO for severe AlP 
poisoning may have good long-term outcomes, with no 
signi icant neurological de icits or other complications. 
However, larger prospective studies with longer follow-
up periods and control groups are needed to con irm these 
indings. 

Ethical consideration 

The use of ECMO in patients with severe AlP poisoning 
raises several ethical considerations. One issue is the 
allocation of resources, as ECMO is a resource-intensive and 
costly intervention. The decision to initiate ECMO should 
be based on appropriate patient selection criteria and the 
likelihood of bene it, as well as the availability of resources 
and the impact on other patients in need [83]. 

Another ethical consideration is the potential for harm 
to patients. ECMO is not without risks, including bleeding, 
thrombosis, infection, and neurological complications. 
Therefore, careful monitoring and management of 
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complications are essential to ensure that patients receive 
the intended bene its of ECMO while minimizing the risk of 
harm [84]. 

In addition, ethical concerns may arise regarding the 
decision to withdraw or withhold ECMO support. The 
decision-making process should involve a multidisciplinary 
team and take into account the patient's values, preferences, 
and goals of care. In some cases, withdrawal or withholding of 
ECMO may be appropriate if the patient is not responding to 
therapy, or if the potential for harm outweighs the potential 
for bene it [85]. 

A study by Singh, et al. reviewed the ethical considerations 
in the use of ECMO in patients with acute poisoning, including 
AlP poisoning. The authors highlighted the need for careful 
consideration of patient selection, resource allocation, and 
the potential for con licts of interest [86]. The study also 
emphasized the importance of clear communication and 
transparency in the decision-making process, as well as the 
need for ongoing evaluation of the ethical implications of 
ECMO use. 

Another paper by Zangrillo, et al. discusses the ethical 
considerations related to the use of Extracorporeal 
Membrane Oxygenation (ECMO), a resource-intensive and 
expensive intervention, in critically ill patients. The authors 
note that the decision to initiate ECMO should be based on 
careful patient selection, the likelihood of bene it, and the 
availability of resources. They also discuss the potential for 
ethical issues related to the allocation of resources and the 
impact on other patients in need, as well as the need for 
transparency and clear communication with patients and 
families about the risks and bene its of ECMO. Additionally, 
the authors emphasize the importance of ongoing evaluation 
and quality improvement efforts to optimize patient 
outcomes and minimize potential harm [87]. 

Overall, the ethical considerations of ECMO in 
patients with AlP poisoning highlight the need for careful 
patient selection, appropriate resource allocation, and 
multidisciplinary decision-making. Close monitoring and 
management of complications are also crucial to ensuring 
that patients receive optimal care. 

Gaps in the current literature and areas for future 
research 

To elaborate further on the gaps in the current literature 
regarding the use of ECMO in managing AlP poisoning, it is 
important to note that the majority of studies on this topic 
are retrospective observational studies and case reports. 
While these studies can provide important information on 
the effectiveness of ECMO in managing AlP poisoning, they 
are limited by factors such as small sample sizes, selection 
bias, and differences in patient populations. 

Another limitation of the current literature is the lack of 
standardized criteria for patient selection and management 

protocols for ECMO in these patients. There is no consensus 
on the optimal timing for initiation of ECMO in patients with 
severe AlP poisoning or the duration of therapy. Furthermore, 
the optimal management of patients after they are weaned 
off ECMO is not well-de ined. 

Another important gap in the literature is the lack of long-
term follow-up data on patients who have undergone ECMO 
for AlP poisoning. While ECMO may be effective in providing 
short-term support and improving outcomes such as 
oxygenation and hemodynamics, it is unclear whether these 
improvements translate to improved long-term outcomes, 
such as neurologic function and quality of life. 

Future research in this area should focus on the design of 
large, multicenter randomized controlled trials to compare 
the effectiveness of ECMO to other treatment options or 
standard care. Standardized criteria for patient selection 
and management protocols should be developed to ensure 
consistency in the delivery of ECMO therapy. Additionally, 
long-term follow-up data on patients who have undergone 
ECMO for AlP poisoning should be collected to evaluate the 
long-term outcomes of this intervention. 

Conclusion 

Aluminum phosphide poisoning is a severe and often 
fatal condition for which conventional therapies have limited 
ef icacy. Extracorporeal Membrane Oxygenation (ECMO) 
has been used as a rescue therapy in some cases, but the 
indications and bene its of this approach remain debated. 
Based on the available evidence, including retrospective case 
series, observational studies, and randomized controlled 
trials, ECMO appears to have a potential bene it in selected 
cases of severe aluminum phosphide poisoning. However, it 
should be reserved for carefully selected patients who meet 
speci ic criteria, such as those established by the ELSO or 
EOLIA guidelines. 

While ECMO can provide respiratory and circulatory 
support, it is also associated with signi icant risks and 
complications, such as bleeding, infection, and thromboem-
bolic events. These risks should be carefully weighed against 
the potential bene its in each individual case.

The long-term outcomes of patients who received ECMO 
for severe aluminum phosphide poisoning are still poorly 
understood and require further investigation. Moreover, 
ethical considerations related to the use of ECMO in this 
context should be carefully taken into account. Future studies 
should aim to clarify the optimal indications, techniques, and 
outcomes of ECMO in this challenging clinical context. 
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