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ABSTRACT

Background: Over the past few years, there has been a rise in the number of individuals being exposed to
toxic substances, such as pesticides, including rice tablets used for storing grains in warehouses and during
transportation. Medical facilities have documented the success of utilizing peritoneal dialysis (PD) as a
treatment for individuals poisoned by rice tablets. As a result, the present study aimed to investigate the
results of using PD to treat these patients.
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Methods: The present cross-sectional study examined 27 cases of patients who were poisoned with
aluminum phosphide. Data on age, gender, the dosage of tablets ingested, clinical symptoms, and initial
tests —including vital signs, gastrointestinal, respiratory, and neurological—as well as the outcome of the
poisoning were gathered from their medical records and analyzed using the SPSS (version 21) software.
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of Medical Science, Ardabil, Iran. Results: Temperature and respiration rates did not show a significant difference between admission and

clearance. However, there were significant differences in PH, PCO2, bicarbonate, open base, blood
pressure, and electrolytes (K+, Na+) between admission and discharge times. The mortality rate was

14.81% (four cases).
E- mail: b_bashardoust(@yahoo.com Conclusion: The findings indicated that PD may be utilized as a primary intervention in conjunction with

traditional and standard treatments for severe metabolic acidosis caused by aluminum phosphide poisoning.
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Introduction

Aluminum phosphide, commonly called the "rice pill"
in Iran, is a highly hazardous pesticide used to preserve
rice and other grains in storage facilities and during
transportation. Unfortunately, this pesticide is extensively
employed in developing nations [1-3]. The toxicity of this
pill is due to the production of phosphine gas in the
presence of moisture in the air, water, or hydrochloric acid
in the stomach. The main ways to contact this chemical
are oral and respiratory routes [4]. Aluminum phosphide
poisoning is a situation with high mortality due to the lack
of a specific antidote [2, 5]. Poisonings usually manifest
quickly, with most deaths being caused by cardiovascular
problems. Deaths occurring after 24 hours are usually
attributed to liver failure [6]. According to a meta-
analysis, the mortality rate of aluminum phosphide

poisoning is approximately 27%, with men having a
higher mortality rate than women. Poisoning at a
younger age is associated with better results. Severe
hypotension and cardiac poisoning are among the most
serious complications of this poisoning and are
associated with a high rate of death [7].

There has been an increased report of self-poisoning
with aluminum phosphide tablets from Iran in recent
years [8]. Cardiogenic shock is the most important
clinical feature, caused by direct myocardial toxicity of
phosphine gas and severe metabolic acidosis [2, 9, 10].
Various interventions are advised to reduce the
absorption of toxins and raise the blood pH to prevent
or alleviate metabolic acidosis [11]. Correcting
metabolic acidosis may improve the patient's overall
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condition [12].

Several extracorporeal treatments can help remove
poisons from the body. Peritoneal dialysis (PD) is not
considerably effective in treating acute poisoning because
it can only achieve a clearance of <20 ml/min, which is
much lower than the clearance achievable by
hemodialysis (HD). However, PD is easier to perform in
resource-limited areas and newborns [13]. The PD has
been used in Iran as an alternative treatment along with
other methods, but the percentage of its use has been much
lower than HD. Considering the limitations of HD, such
as being time-consuming and complications, such as a
high prevalence of cardiovascular disease and high blood
pressure, PD is more important [14]. In a study,
Bashardoust et al. reported two successful oral aluminum
phosphide treatment cases with PD. Moreover, PD may
restore various body functions by improving acidosis and
possibly aiding in eliminating these toxins [5].

Due to the recent popularity of agricultural poisons,
such as rice tablets, there has been an increase in the
number of people poisoned by these tablets in medical
centers. Additionally, limited information has been
reported on the effect of PD as a treatment method for rice
tablet poisoning. Therefore, the present study aimed to
investigate the results of patients' PD treatment.

Materials and Methods

The present research utilized a cross-sectional design to
retrospectively analyze the medical records of patients
diagnosed with aluminum phosphide poisoning and
treated at Ardabil City Hospital in Iran between April
2015 and March 2017. The study focused exclusively on
patients who had ingested rice tablets containing
aluminum phosphide and subsequently underwent PD as
part of their treatment regimen.

Inclusion and exclusion criteria

Patients were included in the study if they met the
following criteria: confirmed ingestion of aluminum
phosphide (rice tablets), treatment with PD, and
comprehensive medical records detailing treatment
before, during, and after the dialysis procedure. Patients
were excluded if they received treatments known to affect
metabolic parameters significantly before PD, such as
magnesium sulfate and calcium gluconate, to isolate the
effects of PD on the outcomes of aluminum phosphide
poisoning.

Method setting

For PD, the catheter was inserted by a general surgeon
parallel to the umbilicus on either the left or right side of
the peritoneum, directed toward the right lower quadrant
(RLQ) area. Due to the inadequacy of the acute catheter,
the surgeon opted for the largest size orange Nelaton
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catheter, featuring additional side holes. A 1.5%
glucose-based solution was administered, with the
dwell time initially set to 1 hour. Once the arterial blood
gas (ABQG) was corrected, the dwell time was extended
to 2 hours. If the acid-base balance remained stable for
6 hours, it was further adjusted to 6-hour and 1-hour
intervals. Finally, after three days of monitoring
pressure and ABG levels with no complications, the
catheter was discontinued.

Additional routine treatments for patients include
gastric lavage, activated charcoal, gluconate
administration, magnesium sulfate, bicarbonate vials,
and vitamins E and C. Intubation was performed when
required.

Data extraction

Data were extracted using a standardized checklist
developed for this study. The checklist included
demographic information (age and gender), the amount
of aluminum phosphide ingested, clinical symptoms
upon arrival (including vital signs and gastrointestinal,
respiratory, and neurological symptoms), laboratory
test results (pH, PCO2, bicarbonate, open base, blood
pressure, electrolytes including K+ and Na+), and the
outcome for the patient (recovery or death). The
comprehensive data collection effort was designed to
fully understand the patient's condition and how they
responded to treatment.

Statistical analysis

The data collected from the 27 patients included in
this study were analyzed using the SPSS (version 21)
software (IBM Corp., Armonk, NY, USA). Descriptive
statistics, including mean + standard deviation (SD) for
continuous variables and frequencies (percentages) for
categorical variables, were used to summarize the
demographic and clinical characteristics of the patient
cohort. The primary aim of the statistical analysis was
to compare clinical and laboratory parameters at the
time of admission and discharge, thereby assessing the
effectiveness of PD in treating aluminum phosphide
poisoning.

The normality of data distribution was assessed using
the Shapiro-Wilk test for continuous variables. According
to these results, paired t-tests (for normally distributed
data) or Wilcoxon signed-rank tests (for data not normally
distributed) were applied to identify significant changes in
clinical and laboratory parameters from admission to
discharge. The choice of test was guided by the
distribution characteristics of each variable, ensuring the
appropriateness of the statistical methods used.

A significance level of p<0.05 was predetermined for
all statistical tests to identify statistically significant
differences. Pearson's correlation coefficient was also
calculated to explore the relationships between patients'
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outcomes (recovery or death) and key biochemical
parameters (e.g., blood pH and bicarbonate levels).

Sample size justification

The study sample comprised all 27 patients meeting the
inclusion criteria during the specified study period. This
sample size was determined by the availability of cases
fitting the study criteria, acknowledging that the relatively
rare incidence of aluminum phosphide poisoning limits
the potential for a larger cohort. The implications of this
sample size for the study's power and generalizability are
discussed in the limitations section.

Results

Among all the patients, 13 (48.13%) were 30 or
younger, and the rest were over 30. Moreover, 13 people
(48.13%) were female. The average age of patients was
35.1+£16.9 years, with an age range from 16 to 73 years.
Patients stayed in the hospital for an average of
3.342.04 days.

The distribution of clinical symptoms is presented in
Figure 1. The most prevalent symptom was nausea and
vomiting, observed in 18 cases (66.67%), followed by
abdominal pain in 11 cases (40.74%). Additionally, six
patients (22.2%) underwent intubation. Patients consumed
an average of 1.5+1.00 tablets of aluminum phosphide.
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Figure 1. Distribution of clinical symptoms in patients with aluminum phosphide poisoning.

There was a significant difference between the values
of acidity (pH), partial pressure of carbon dioxide (PCO?2),
bicarbonate, base excess, blood pressure (BP), creatinine
(Cr), sodium (Na), and potassium (K) at the time of
starting the treatment and at the time of discharge. The pH,
PCO2, bicarbonate, and base excess values increased at
discharge; however, the other variables, including BP, Cr,

Na, and K, decreased. Temperature and respiratory rate
variables did not change significantly (Table 1). It is
noteworthy that the mortality rate was 14.81% (four
cases).

Pearson's correlation results showed a significant
correlation between patients' outcomes and blood pH and
bicarbonate levels (P=0.0001 and 0.022, respectively).

Table 1. Comparison of measurements of evaluated parameters at admission and discharge

Parameters Admission (Mean£SD) Discharge (Mean+SD) P-value
pH 7.35+0.21 7.45+0.12 0.04
Partial pressure of carbon dioxide (PCO,) mmHg 22.64£2.5 41.17+3.03 0.001™
Bicarbonate (mmol/L) 11.16+2.84 23.842.77 0.001""
Base excess -14.82+2.72 1.38+2.86 0.001"
Blood pressure (mmHg) 14.940.18 13.840.15 0.02"
Creatinine (Cr) mg/dl 1.11£0.39 1.01+0.37 0.001"
Sodium (Na) mmol/L 146.6+1.83 140.57+1.11 0.001"
Potassium (K) mmol/L 4.7£0.13 4.16+0.1 0.001™
Temperature 36.76+0.37 36.85+0.22 0.16
Respiratory rate 18.52+5.5 18.26+3.65 0.41
*P<0.05 indicates statistical significance; ***P<0.001 indicates high statistical significance.
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Discussion

The present study represents one of the most
comprehensive evaluations of PD as a primary treatment
option for severe metabolic acidosis resulting from
aluminum phosphide poisoning, offering new insights into
its efficacy and mechanism of action in this context. It was
observed that there was a significant difference between
pH, PCO2, bicarbonate, base excess, blood pressure, and
blood electrolytes (K+, Na+t) at admission and after PD.

The timely detection and initiation of treatment are
crucial in addressing the effects of phosphine gas, which
can lead to organ failure and other serious complications
[15]. The research conducted by Taramsary et al. and
Pajoumand et al. concluded that in cases of poisoning with
rice tablets, rapid emptying of stomach contents and
gastric lavage with a potassium permanganate solution as
an oxidant are recommended. In addition, intravenous
administration of magnesium sulfate and calcium gluconate
solution is considered an effective oxidant [3, 16]. Other
studies obtained some promising results using high-dose
insulin therapy, Extracorporeal Membrane Oxygenation
(ECMO) with Trimetazidine and Magnesium, Intra-aortic
Balloon Pump (IABP), and N-acetyl cysteine (NAC) [17-
23].

In this recent research, following the findings of
previous studies, all patients underwent rapid gastric
emptying and lavage upon admission. Additionally,
patients were administered activated charcoal, calcium
gluconate, magnesium sulfate, and a vial of sodium
bicarbonate.

A study by Mehrpour et al. previously demonstrated
that among individuals poisoned and presenting with
hyponatremia, hypokalemia, hyperkalemia, bicarbonate
levels below 15, and bicarbonate levels between 15 and
20, the mortality rates were 66%, 87.5%, 100%, 74.19%,
and 64%, respectively. These findings underscore the
significance of electrolyte disorders in determining
patient prognosis [24]. The results of the present research
indicated a significant relationship between mortality and
pH and bicarbonate.

Several theories suggest that PD effectively treats
severe metabolic acidosis. Only Bashardoust et al.
reported two cases successfully treated with PD.
Following the PD procedure, there was an improvement
in the PH, PCO?2, bicarbonate level, and base excess [5].
The present study also indicated that PH, PCO2,
bicarbonate level, and base excess increased significantly
after PD, indicating the treatment's effectiveness. In
addition, the levels of sodium, potassium, and creatinine
decreased significantly. While previous research has
pointed to the potential of PD in treating aluminum
phosphide poisoning, the findings of the present
investigation extend this knowledge by quantitatively
assessing changes in key biochemical parameters, thereby
providing a clearer picture of the treatment's physiological
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impact.

The primary pathology of aluminum phosphide
poisoning involves cellular ischemia, leading to
multiorgan failure, and persistent hypotension is a
result of this process. Cellular ischemia, vasodilation,
and the release of free radicals can accelerate this
process and result in death. The PD may improve
acidosis and potentially remove these toxins, restoring
various organ functions [5, 25]. The significant
correlations identified between patients' outcomes and
blood pH and bicarbonate levels post-PD treatment
underscore the importance of metabolic correction in
managing aluminum phosphide poisoning, a connection
that has not been thoroughly explored in earlier studies.
The current work contributes to novel findings on the
role of PD in mitigating the effects of severe metabolic
acidosis induced by aluminum phosphide. It suggests
that PD can be more than just a supportive treatment; it
can be a lifesaving intervention in critical cases.

The present research fills a critical gap in the literature
by presenting detailed outcomes of PD treatment in a
larger cohort of aluminum phosphide poisoning cases than
previously reported, offering robust evidence of its
potential benefits and limitations. By demonstrating the
effectiveness of PD in improving patient outcomes in a
resource-limited setting, this study challenges existing
paradigms and advocates for a broader consideration of
PD in the standard treatment protocols for aluminum
phosphide poisoning, especially where HD is not feasible.

The methodology employed constitutes its primary
strength. By conducting a comprehensive analysis of
patient data before and after PD treatment, the authors
have established a replicable framework for future
research. This framework is poised to validate and
enhance the findings of the present study, potentially
culminating in the formulation of standardized treatment
guidelines.

Limitations and future research directions

While the present study presents new insights into
treating aluminum phosphide poisoning with PD,
several limitations must be addressed to enhance the
robustness and applicability of findings to broader
contexts.

1. Small Sample Size and Generalizability: The
study was conducted with a relatively small population
of 27 patients, limiting the statistical power and
generalizability of the results. Future studies should
aim to include larger sample sizes by possibly
conducting multicenter research. This approach would
not only increase the number of participants but also
diversify the patient population, thereby enhancing the
generalizability of the findings.

2. Retrospective Design: The study's retrospective
nature restricts the control over variables and reliance
on the accuracy and completeness of medical records.
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Prospective studies are recommended to allow for
standardized data collection, more rigorous control of
confounding variables, and the ability to adjust the study
design and data collection methods in real time.

3. Lack of Control Group: The present study did not
include a control group of patients treated without PD,
making it difficult to isolate the effect of PD from other
treatments or the natural progression of the poisoning.
Future research should consider employing a comparative
design, including control groups receiving alternative
treatments, to ascertain PD's efficacy more definitively.

4. Incomplete Data: Excluding cases due to incomplete
information highlights the challenge of relying on existing
medical records. Implementing more stringent data
collection and management protocols in clinical settings
can mitigate this issue. Additionally, future studies could
employ more rigorous inclusion criteria and methods to
handle missing data, such as multiple imputation
techniques, to maximize the use of available information.

5. Geographic and Demographic Limitations: The
findings of the present study are based on a specific
geographic region and demographic, which may not fully
represent populations in other areas where aluminum
phosphide poisoning is prevalent. Expanding future research
to include a broader range of geographic locations and
demographic groups would help assess PD's effectiveness
across different settings.

6. Detailed Mechanistic Insights: While the study
provides evidence of the efficacy of PD in treating severe
metabolic acidosis caused by aluminum phosphide
poisoning, it lacks a detailed exploration of the underlying
mechanisms. Further research should aim to elucidate the
physiological and molecular mechanisms by which PD
exerts its beneficial effects, possibly by including more
detailed biochemical analyses and exploring toxin
removal rates.

Engaging in multicenter and international collaborations
can enhance the robustness and generalizability of research
on the effectiveness of PD in treating severe metabolic
acidosis by enabling the collection of larger, more diverse
datasets. Future research may prioritize prospective study
designs to standardize data collection and manage
confounding variables effectively, incorporating control
groups to provide comparative insights into PD's efficacy.
Additionally, adopting enhanced data collection protocols
will improve data quality and completeness, while
mechanistic studies on PD's role in treating specific
conditions like aluminum phosphide poisoning could
offer critical insights into optimizing treatment protocols.

Conclusions

The present work compellingly demonstrates that PD
offers a viable and effective treatment for severe metabolic
acidosis resulting from aluminum phosphide poisoning,
emphasizing the integration of PD with conventional

treatments as a promising management strategy for this
critical condition. It highlights the importance of rapid
and specific treatment interventions to correct severe
metabolic disturbances caused by the poisoning. A
comprehensive approach is recommended to improve
patient outcomes and advance the treatment of aluminum
phosphide poisoning, incorporating multidisciplinary
strategies that merge the latest research findings,
innovative treatment modalities, and patient-focused
care. This approach should cover a spectrum of
interventions, from immediate clinical actions, including
swift medical response, thorough laboratory testing, and
early treatment initiation, to more extensive preventive
efforts, such as controlling the substance's distribution,
public education to reduce exposure risks, introducing
safer agricultural practices, and researching PD's
potential for toxin removal. This integrated strategy aims
to enhance patient care and prevent future poisoning
incidents by addressing the immediate and broader
challenges associated with aluminum phosphide
poisoning.
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