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Abstract

been reported in the literature.

patient.

poisoning with aluminum phosphide and zinc phosphide.

Rodenticides, Zinc Phosphide

Introduction: Rodenticides are considered a global challenge to public health. Two major compounds in this category include
aluminum phosphide and zinc phosphide. However, the simultaneous use of aluminum phosphide and zinc phosphide has not

Case Presentation: We present the case of a 20-year-old female, who was poisoned with both a rice tablet and powdered rat poison.
She was admitted to a university- affiliated hospital, Babol, Iran in July 2016. Resuscitative and supportive measures were applied,
including prophylactic intubation, gastric lavage with a bicarbonate solution, and intravenous administration of N-acetylcysteine
(NAC), magnesium sulfate, calcium gluconate, and bicarbonate compounds. In case of a blood sugar level above 100 mg/dL, regular
insulin was infused. After the diagnosis of phosphine-induced cardiomyopathy, digitization with digoxin was prescribed for the

Conclusions: This case report presents the possible positive effects of digoxin, insulin, and antioxidant therapy on simultaneous

Keywords: Aluminum Phosphide, Antioxidant, Cardiomyopathy, Case Report, Heart Failure, Insulin, Poisoning, Rat Poison,

1. Introduction

Rodenticides are considered a global challenge to pub-
lic health. Annually, 250,000 to 370,000 people die from
deliberate ingestion of pesticides, which is responsible
for about one-third of suicidal attempts worldwide (1).
Metal phosphide compounds are highly effective insecti-
cides and rodenticides used to protect crops. Poisoning
with these compounds is caused either directly through
consumption or indirectly through accidental inhalation
of the released phosphine gas.

The ingested metal phosphide and phosphine com-
pounds react with the acidic stomach content, thereby
releasing the highly toxic phosphine gas (2). Two major
compounds in this category include aluminum phosphide
(AlP) and zinc phosphide (ZnP). AIP can be found as tablets,
pellets, or dark-gray powder. Even 500 mg of this com-
pound can be fatal for humans (3). Today, AIP poisoning,
which is associated with a high mortality rate (30% -100%),
has become a major health concern in many poisoning

management centers in Iran (4, 5). On the other hand, ZnP
is in powder form. It is more slow-acting than AIP and has
a lethal dose of 4 - 8 g (6). Mortality due to ZnP poisoning
reportedly ranges from 37% to100% (6). With respect to the
mortality rates, these compounds are associated with high
mortality, while no specific antidotes have been yet recom-
mended (6, 7).

The clinical symptoms of poisoning vary depending on
the dose, route, and duration of exposure. Symptoms of
acute poisoning include gastrointestinal manifestations,
refractory hypotension and shock, dysrhythmia, palpita-
tions, cardiovascular collapse, and acute respiratory dis-
tress syndrome manifestations (8). Hyperglycemia and
electrocardiographic changes are representative of poor
prognosis in paraclinical variables (9). Within the first
6 hours, the prominent electrocardiographic changes in-
clude sinus tachycardia with altered ST and T-waves. Also,
the rhythm changes include tachycardia, ventricular fib-
rillation, supraventricular tachycardia, atrial fibrillation,
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and atrial flutter (10, 11).

Although various treatments have been suggested to
decrease toxin absorption, all approaches have been only
supportive (12, 13). However, an effective treatment for
phosphide poisoning, using intraaortic balloon pump
(IABP)and digoxin, hasbeenreported in previous research.
In addition, studies have shown that glucagon, digoxin,
and antioxidants independently exert beneficial effects on
poisoning (5,13, 14).

To the best of our knowledge, simultaneous ingestion
of AIP and ZnP has not been reported in the literature.
Therefore, the aim of the current study was to report a case
of acute poisoning due to intentional consumption of AIP
and ZnP in a young female patient.

2. Case Presentation

The patient was a single, high school-graduated, 20-
year-old girl, who was primarily admitted to a local private
clinic with symptoms, including nausea, vomiting, and ab-
dominal pain. She was treated as an outpatient with the
primary diagnosis of viral infection with an unknown ori-
gin. After about one hour, following general deterioration
and escalation of abdominal pain and severe lethargy, she
was referred to Shahid Beheshti Hospital (a poisoning re-
ferral center), affiliated to Babol University of Medical Sci-
ences (Babol, Iran) for further treatments in July 2016.

After the initial history-taking in the emergency room,
she admitted to the use of a rice pill (i.e., AIP), along with
powdered rat poison at home. She did not have any rel-
evant medical history. Data were collected using a ques-
tionnaire, and laboratory information were gathered from
the medical records. After obtaining the complete med-
ical history and estimating the interval between treat-
ment and rice pill poisoning (about 3- hours), the treat-
ment team applied resuscitative and supportive measures,
including prophylactic intubation, gastric lavage with a
bicarbonate solution, and intravenous administration of
N-acetylcysteine (NAC), magnesium sulfate, calcium glu-
conate, and bicarbonate compounds.

The results of primary physical examination upon
admission were as follows: blood pressure (BP), 110/60
mmHg; pulse rate (PR), 110 beats/min; respiratory rate (RR),
13 per minute; temperature (axillary), 37.1°C; oxygen satu-
ration (O2sat), 94%; and body mass index, 21.27 kg/m?. Due
to deterioration of her general condition and need for in-
tensive care unit (ICU) admission, she was transferred to
the hospital ICU after 12 hours. The vital signs of the se-
dated patient were as follows: BP, 105/50 mmHg (despite
receiving 5 pg/min of vasopressor norepinephrine); PR,
120 beats/min; RR during mechanical ventilation, 12 per

minute (ventilation volume, 350; FiO,, 60%; PEEP, 8); and
axillary body temperature, about 37.1°C.

The oxygen saturation varied between 89% and 92% in
the patient. The arterial blood gas (ABG) analysis upon
admission was as follows: pH, 7.26; HCO3, 20.3; PCO,, 48;
and lactate level > 15. In addition, the laboratory test re-
sults were as follows: hemoglobin level, 9.5; platelet count,
304,000; white blood cell count, 19,800; serum sodium,
150 mEq/mL; serum potassium, 3.9 mEq/mL; serum cal-
cium, 8.5 mg/dL; serum magnesium, 2.6 mg/dL; blood
urea nitrogen, 14 mg/dL; blood creatinine, 1.1 mg/dL; blood
sugar, 175 mg/dL; and negative troponin I (Table 1).

A central venous catheter was inserted in order to as-
sess the central venous pressure (CVP). The patient under-
went treatment with NAC (6 g every 8 hours), calcium glu-
conate (1 g every 8 hours), magnesium sulfate (1 g every 6
hours), vitamin C (500 mg every 12 hours), and infusion
of sodium bicarbonate 7.5% (1 vial per liter of intravenous
fluid) with intravenous hydrocortisone (100 mg every 8
hours), infusion therapy, and continuous administration
of vasopressors. In case of blood sugar level above 100
mg/dL, regular insulin was infused at 3 units per hour.

During hospitalization, the patient developed hy-
potension on the second day (85/45 mmHg). The CVP in-
creased to about 18 mmHg. She also experienced tachycar-
dia episodes in form of atrial fibrillation (Figure 1). Con-
sidering her condition, atrial fibrillation attacks, portable
echocardiography data (i.e., EF 35%, moderate LV enlarge-
ment, mild MR, mild TR, and PAP 30 mm/Hg), and diagno-
sis of phosphine-induced cardiomyopathy, the rapid digi-
tization approach with 0.5 mg of digoxin was used every
six hours on the first day, followed by 0.25 mg per day.

Atthe end of the second day of treatment with digoxin,
the patient was hemodynamically stable and had a sinu-
soidal heart rate pattern. On the fourth day of treatment,
echocardiography showed normal left ventricular func-
tion, and accordingly, digoxin treatment was terminated.
It should be noted that on the second day of hospitaliza-
tion, the patient’s hepatic enzymes were increasingly ris-
ing, reaching their peak level on the third day of hospital-
ization. The enzymes declined after that until the patient
was discharged. Also, the coagulation tests were in the nor-
mal range during hospitalization.

In order to control acute liver failure, some supportive
measures were applied, such as volume control, avoidance
of drugs with hepatic metabolism, and NAC treatment un-
til the patient’s discharge. Finally, after six days of hospi-
talization, she regained hemodynamic stability,and use of
vasopressor was terminated. Following that, the tracheal
tube was removed, and she was discharged from the hos-
pital with a good general condition. The laboratory mea-
sures during admission are presented in Table 1.
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Table 1. The Laboratory Test Results in a Patient with Simultaneous AIP and ZnP Poisoning on Admission and Follow-Ups in Shahid Beheshti Hospital

Laboratory Oon Six Hours Twelve Hours One Day After Two Days Three Days Four Days Five Days
Findings Admission After After Admission After After After After
Admission Admission Admission Admission Admission Admission
pH 7.26 732 7.45 7.40 7.57 7.57 750 7.48
PCO,, mmHg 48 57 47 50 54 47 45 44
HCO;, mEq/L 203 25.8 30 30.6 43.6 39.8 36.3 29.8
Lactate, >15 9.3 6.6 4.6 2.6 17 1.2 13
mmol/L
Na, mEq/L 155 ND ND 152 145 144 139 140
K, mEq/L 3.9 ND ND 33 3.7 3.6 29 3.6
BUN, mg/dL 14 ND ND 21 18 19 16 15
Cr, mg/dL 11 ND ND 125 12 1 0.9 0.8
BS 175 ND ND 135 147 140 136 130
ALT, IU/L 10 ND ND 83 ND 895 546 395
AST, IU[L 12 ND ND 140 ND 580 252 75
AlK, IU/L 170 ND ND 179 ND 768 640 550
INR 1.4 ND ND 1.5 ND 1.4 1.4 13
PTT, s 34 ND ND 36 ND 33 32 32
CPK, U/L 121 ND ND 220 ND 3700 2030 950

Abbreviations: Alk, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BS, blood sugar; BUN, blood urea nitrogen; CPK, creatine
phosphokinase; Cr, creatinine; HCO3, serum bicarbonate; INR, international normalized ratio; K, potassium; Na, sodium; ND, not determined; PCO2, partial pressure of

carbon dioxide; PTT, prothrombin time.

3. Discussion

Despite the release of phosphine gas and the related
symptoms, AlP and ZnP poisoning may be associated with
different symptoms. Consistent with our findings, previ-
ous studies have shown that the most common clinical
signs of AIP and ZnP poisoning include vomiting, abdom-
inal pain, palpitation, dyspnea, tachypnea, metabolic aci-
dosis, shock, and hypotension. Furthermore, studies have
indicated that hepatic enzymes mightincrease during poi-
soning (6, 15). The most important dissimilarity of ZnP
and AIP poisoning is the relatively longer time of symptom
appearance upon poisoning by ZnP. Also, development of
acute liver failure has been almost exclusively reported in
the first week after ZnP poisoning (16).

Acute ZnP or AIP poisoning produces phosphine gas
within 30 minutes of consumption. It is a highly toxic sub-
stance, which can be harmful to the respiratory tract and
lead to serious systemic poisoning. Cardiogenic shock and
cardiovascular collapse in phosphine gas poisoning may
be due to the direct effects of poisoning on heart muscle
cells, intravascular fluid leakage into the third space, se-
vere metabolic acidosis, and poor tissue perfusion (17). An-
other significant adverse side effect of poisoning with rice
tablet is cardiac arrhythmia (about 36%), besides other fac-
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tors such as refractory hypotension, acidosis, kidney fail-
ure, multiple organ failure, and respiratory distress syn-
drome (13). Therefore, in addition to routine support-
ive care, control of cardiogenic shock and oxidative stress
seems necessary.

There is no potent antidote for AIP poisoning. Support-
ive critical care for balance blood pH, electrolyte, and ar-
terial blood pressure is the main treatment approach. In
some cases of severe acidosis and acute renal failure, dial-
ysis for the correction of metabolic acidosis has shown im-
proved outcomes in AIP poisoning (12). High-risk cases in-
clude older patients, patients with delayed admission or
delayed initial treatment, and patients with abnormal vi-
tal signs or electrolyte levels at presentation; accordingly,
they should be closely monitored. In addition, shock and
mental status changes were prognostic factors in patients
(18).

The idea of using digoxin in the treatment of acute
heart failure due to phosphide poisoning was first intro-
duced by Sanaei-Zadeh and Farajidana (19) in 2011, when
the first report of the positive effects of digoxin on acute
heart failure due to phosphide poisoning was published
by Mehrpour and colleagues (7). In the present case, treat-
ment with digoxin in combination with other supportive
therapies led to improved heart function, which was also
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Figure 1. The Patient’s Electrocardiography (Tachycardia Attacks in Form of Atrial Fibrillation in a Patient with Simultaneous AIP and ZnP Poisoning at Shahid Beheshti Hospi-

tal)

approved by echocardiography. In a study by Gupta, pa-
tients who survived AlP poisoning regained normal car-
diac functioning on echocardiography on the fifth day
(20). In our study, the patient’s heart rhythm became sinu-
soidal on the second day after the onset of digoxin treat-
ment (fourth day of hospitalization). Evidence of normal
echocardiography was reported on the fourth day after the
onset of digoxin treatment (sixth day of hospitalization).

Considering the negative effects of hyperglycemia and
hypoinsulinimia on the prognosis of poisoning with phos-
phide compounds and the positive effects of insulin ther-
apy in form of different regimens (21), we initiated insulin
therapy from the first day of hospitalization up to the fi-
nal day (with accurate control of blood glucose to avoid
possible hypoglycemic complications) to contribute to the
recovery process. In a recent prospective interventional
study, the glucose/insulin/potassium protocol produced
better outcomes in AIP poisoning and increased the length
of hospital stay (22).

A notable point of the present case was liver damage
in form of elevated liver enzymes. Our patient showed
some evidence of acute liver failure, which was controlled
by supportive therapies as previously mentioned. Hepato-
toxicity as aresult of poisoning with AIP (more prevalentin
ZnP poisoning) has been previously reported. It has been
also revealed that AIP poisoning can cause histopatholog-
ical changes in the human liver, mostly as central venous
congestion, degeneration of hepatocytes, and mononu-
clear infiltration (23).

Blood lactate level is another factor, which is generally
considered in the diagnosis and management of patients
with signs and symptoms of sepsis or shock, and is recog-
nized as a sign of tissue hypoperfusion. It has been also
studied as a prognostic factor in drugand chemical poison-
ing. The latest studies have indicated that AlP-poisoned pa-
tients generally have higher levels of blood lactate within
the first hours post-ingestion; therefore, this factor could
be a prognostic marker in the evaluation of acute AIP poi-
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soning, particularly within 8 to 16 hours post-ingestion
(24). In our case, the lactate level was high (> 15 mmol/L),
which gradually decreased until the fifth day of admission
(1.3 mmol/L).

It has been reported that ZnP can lead to acute liver
failure. Under certain circumstances, where standard sup-
portive treatment is not successful and the patient suffers
from an irreversible acute liver failure, liver transplanta-
tion is the only approach which can save the patient’s life.
In addition, several studies have shown that the levels of
aspartate aminotransferase and alanine aminotransferase,
as important liver enzymes, can increase in case of ZnP
poisoning. It should be noted that NAC can be used for
the treatment of poisoning, especially hepatotoxicity, ow-
ing to the mechanisms which can preserve multiple organ
functions and decrease liver enzymes. It can be also used
to treat hyperbilirubinemia from encephalopathy due to
hepatotoxicity.

In addition, it has been revealed that NAC prevents or-
gan toxicities, such as hepatotoxicity by acting as a glu-
tathione precursor or glutathione restorer. It can change
into cysteine or mercaptate conjugates in acetaminophen
(N-acetyl-p-benzoquinone imine) or poisoning due to mer-
cury consumption. Therefore, many poisoned patients,
who are treated with NAC, do not show hepatotoxicity and
are only hospitalized for a short period (6, 16).

Based on the findings of the present study, NAC can be
an appropriate antidote for the treatment of patients with
ZnP poisoning, which protects them against electrolyte de-
fects or even death. NAC and other antioxidants are effec-
tive in the treatment of AIP poisoning, inducing cardiovas-
cular toxicity (25). However, few studies have reported the
positive effects of NAC on hepatotoxicity from ZnP poison-
ing. The present study confirmed the effectiveness of this
treatment for phosphide poisoning. In addition, because
of the antioxidant effects of NAC, it can be considered a
valuable option for AIP and ZnP poisoning.

3.1. Conclusions

This case report demonstrated the possible positive ef-
fects of digoxin therapy on acute heart failure, as well as
the positive effects of insulin therapy on simultaneous poi-
soning with AIP and ZnP. Application of NAC can have posi-
tive effects on the treatment of AIP and ZnP poisoning. The
current study had certain limitations, including our in-
ability to generalize the findings or establish a cause-effect
relationship. Further research is required to investigate
the protective mechanisms of these treatments in metal
phosphide-induced poisoning.
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