Successful treatment of severe metabolic acidosis due to acute aluminum phosphide poisoning with peritoneal dialysis: report of two cases
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Abstract

Aluminium phosphide (ALP) poisoning is common in our region. ALP poisoning can cause severe metabolic acidosis and persistent hypotension which lead to cardiogenic shock and later causes mortality. Oliguric or anuric acute kidney injury is almost seen in all patients with ALP poisoning. Renal replacement therapies are recommended in these patients to improve metabolic acidosis and increase the rate of survival. Here we report two cases of severe acute ALP poisoning treated successfully with peritoneal dialysis.     
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Introduction

Aluminium phosphide (ALP) is an effective solid pesticide commonly used for preserving grain. There is an increased report of self poisoning with ALP tablets from Iran and in our region (Ardabil, North West of Iran) in recent years.1 ALP poisoning has high mortality rate due to the absence of a specific antidote.2 The key to treatment lies in rapid decontamination and institution of resuscitative measures.
Its toxicity is due to the release of phosphine gas. Cardiogenic shock is the most important clinical feature in ALP which is caused by direct myocardial toxicity of phosphine gas and severe metabolic acidosis.2-4 There are different treatments recommended for the management of ALP poisoning with the aim of decreasing the toxin absorption and to alkalize blood pH to prevent or improve the inevitable metabolic acidosis.5
Recent articles have recommended aggressive correction of metabolic acidosis can result in significant improvement in the patients’ outcome.6 Renal replacement therapy should be initiated in some cases. Also hemodialysis is recommended to be helpful when renal failure, severe metabolic acidosis is present; although it was not very effective. Continuous renal replacement therapy is reported as another effective method of treating metabolic acidosis and increasing the survival of these patients.7 But peritoneal dialysis is not used in this regard. 
Here, we report successful treatment of two cases of intentional ALP ingestion with peritoneal hemodialysis. 

Case report
Case 1: A 23-year-old woman was admitted to Emergency department (ED) of Imam Khomeini hospital of Ardabil 30 minutes after ingestion of 1 tablet of 3 g ALP. Patient had several vomiting episodes and was conscious, but agitated. In the past medical history, patient had no systemic disease but had history of borderline personality disorder. On physical examination, she was tachypenic (RR=22/min) and had tachycardia (HR=112 bpm). At admission, patient was hypotensive (BP=60/pulse mmHg) and had mild metabolic acidosis (Table 1). Due to the serial atrial blood gas (ABG) measurement, severe metabolic acidosis occurred in the patient in the following hours and 3 vials (132 meq) of sodium bicarbonate was infused at the admission and 88 meq every 6 hour for the next 48 hours (total of 19 vials). During the admission, patient had ventricular fibrillation and DC shock was given and later had ventricular tachycardia which was treated with amiodarone protocol. Due to the severe metabolic acidosis and persistent hypotension regardless of fluid resuscitation and vasopressors, peritoneal dialysis (PD) was initiated. The PD protocol is mentioned below. After 24 hour successful PD, the metabolic acidosis was improved and patient had normal ABG (table 1) and normal hemodynamic state. On day 3 PD was stopped and the patient was discharged on day 5.   
Case 2: A 40-year-old woman presented to ED 3 hours after ingestion of 1 tablet (3gr) of ALP with abdominal pain, multiple vomiting episodes. The patient was conscious, had heart rate of 95 bpm, respiratory rate of 20/minute and hypotension (80/pulse mmHg). Patient had normal ABG at admission (table 1). In the next 6 hours, patient’s status was deteriorated; she had persistent hypotension regardless of vasopressor and fluid resuscitation and severe metabolic acidosis (Table 1). PD was also initiated in this patient with the above mentioned protocol. Before initiation of PD, 10 vials of sodium bicarbonate were given to the patient. The patient status was improved in the first 8 hours of PD and during the next days, she had stable hemodynamic, normal blood pressure, normal ABG and 4 days after PD, the patient was discharged.   
PD surgical insertion:

A flexible permanent catheter for acute peritoneal dialysis was implanted by an expert surgeon. PD catheter was inserted in the right lower quadrant area through the pelvic and its first dacron was inserted over the peritonea and second dacron below the fascia of the external oblique muscle and was fixed. Both PD catheters had good function.   
PD protocol:

The type of peritoneal fluid was selected based on the patients’ status, existence of pulmonary edema and its severity. PD was performed with the following setting:

On the first day: 1000 cc every two hours; Second day: 1000 cc every three hours and from the third to thirteenth day: 1000 cc every four hours. On the fourteenth day two liters in 8 or 6 hours were filtered and dialyzed. 
The PD was discontinued if the renal function was improved with the following criteria: Patients become non-oliguric with creatinine less than 3mg/dl with no acidosis, no pulmonary edema and without any electrolyte abnormality (Na, K).
Fluid replacement was done on basis of urine output, peritoneal additional output, fever and the amount of edema, if existed. Leakage and the returned liquid peritoneal dialysis have been carefully checked. Heparin 500 units intraperitoneal were injected the first day to the second day in every change and one time third day to the fourteenth. The PD fluid leaks or any complications were not seen during the PD. 
Discussion
Suicidal ALP poisoning is common in our country. Toxicity by ALP is caused by the liberation of phosphine gas, which leads to the generation of superoxide radicals and cellular peroxides that causes cell hypoxia and leads to circulatory failure.2 There is no potent antidote for ALP poisoning and supportive and critical care to balance blood PH, electrolytes and arterial blood pressure is the main treatment approach.5 
Most of the patients had low blood pressure refractory to inotropic support.6 Lower bicarbonate levels may require sodium bicarbonate intravenously in order to increase the bicarbonate level to 18–20 mEq/L. Patients may require up to 300–500 ml of sodium bicarbonate.8 It is shown that the correction of metabolic acidosis improve outcomes in ALP poisoning.6 Dialysis may be required for severe acidosis and acute renal failure.8
We used peritoneal dialysis as the main treatment along with conservative and routine treatments of ALP poisoning in the treatment of severe metabolic acidosis and observed significant improvement in PH and bicarbonate levels of these patients with continuous peritoneal dialysis. Both our cases survived and were discharged from the hospital. 

PD was successful in our patients in treating the severe metabolic acidosis. There are few theories that how peritoneal dialysis is effective in this regard:

It seems that the main physiopathology of ALP poisoning is cellular ischemia that results in multi-organ damage and failure and persistent hypotension is the consequence of this process.8 Cellular ischemia, vasodilator and free radicals release can expedite this process and lead to death. Peritoneal dialysis by removing these toxins especially by improving acidosis may lead to restoration of various organ functions. As in our cases, 8 hour continuous peritoneal dialysis caused improvement in acidosis hour by the hour and patients’ hemodynamic state was improved after 18 hours of initiation of the dialysis. 

The phosphine gas is absorbed by the gastrointestinal tract by simple diffusion and is mainly excreted by the kidneys and lungs.9 Removal of phosphine gas from the gastrointestinal tract especially before its absorption could be helpful in these patients treatment. Although the levels of phosphine or its metabolites were not measured in the dialysate fluid, we also hypothesize that peritoneal dialysis could be effective in removing phosphine gas, possibly through the diffusion of phosphine from the intestinal membrane to the dialysate fluid. 
Metabolic acidosis correction is one of the goals of renal replacement therapy. We believe that among renal replacement therapies, PD is more effective in improving metabolic acidosis. In a previous study, it is reported that PD is more effective in the complete correction of metabolic acidosis than intermittent hemodialysis.10
Further studies are recommended on the use of PD for these patients. 
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Table 1. ABG changes during the patients’ admission period

	
	ABG
	At admission
	At the time of PD initiation
	2 h later
	4 h later


	6 h later
	12 h later
	18 h later
	At discharge

	Patient 1


	Ph
	7.32
	7.04
	7.19
	7.26
	7.38
	7.40
	7.46
	7.49

	
	PCO2
	18.0
	57
	25.2
	19.9
	18.0
	20.0
	41.7
	33.4

	
	HCO3
	9.2
	15
	9.7
	9.1
	10.8
	17.4
	29.0
	28.1

	Patient 2
	Ph
	7.23
	6.98
	7.13
	7.23
	7.28
	7.30
	7.42
	7.37

	
	PCO2
	25
	49
	19.6
	22.3
	25.5
	32.2
	27.6
	41.2

	
	HCO3
	10.2
	11.1
	10.1
	16.2
	19.5
	15.2
	21.5
	24.4
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