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Introduction

Poisoning is usually caused by swallowing poisons but can 
be caused by injections, inhalations, or exposure to body 
surfaces (skin, eyes, and mucous membranes). The general 
approach to the poisoned patient is divided into five stages; 
1) stabilizing the patient’s condition; 2) laboratory tests; 3) 
gastrointestinal, skin, or eye decontamination; 4) prescribing 
an antidote and 5) enhancing the removal of toxins from the 
body. Among the methods to enhance the removal of toxins 
from the body, the use of extracorporeal treatments (ECTR)  
such as hemodialysis and hemoperfusion play a significant 
function in saving the patient’s life1, 2.

Hemodialysis is the best treatment for water-soluble 
drugs, especially low molecular weight drugs, which have a 
low volume of distribution and low protein binding that can 
be rapidly distributed through the filter membrane. Some 
examples of these drugs are salicylates, ethanol, methanol 
and lithium3,4. In hemoperfusion, blood passes through 
a cartridge containing activated charcoal. Compared to 
hemodialysis, hemoperfusion is more effective in clearing 

the blood from most protein-bound drugs because the 
charcoal in the cartridge competes with the plasma proteins 
to bind to the drug, absorb the drug, and remove it from the 
bloodstream1, 5. 

Abel et al. reported the initial application of extracorporeal 
techniques in 1913, wherein they eliminated salicylates 
from a dog’s body6, 7. Kyle et al. were first successfully 
using hemodialysis to treat barbiturates poisoning6,8. The 
initial extensive examination of employing hemodialysis 
in cases of sudden poisoning was presented by George 
Schreiner in 19586, 9. Physicians and researchers have since 
conducted several studies on these methods, which have led 
to the identification of drugs and toxins that can be removed 
through these methods10-13.

Despite the existence of studies and conferences on 
extracorporeal therapies, the lack of poisonings treated 
with these methods has resulted in weak evidence for their 
effectiveness. Considering that Loghman Hakim Hospital 
is one of the most reference places for the treatment of 
poisoned people, in this study we examined the frequency 
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of extracorporeal methods and the prognosis of using these 
methods in various poisonings.

Methods

This study was performed as a retrospective study. By 
referring to the dialysis ward of Loghman Hakim Hospital 
in Tehran, all cases of poisoning from 2016-2020 were 
investigated and the desired variables were extracted. 
The sampling method was census (All relevant files were 
reviewed). From 68181 patients admitted to the poisoning 
wards, 980 underwent hemodialysis and hemoperfusion that 
were our sample size and 67201 patients were excluded.

The studied variables included age, sex, type of 
poisoning, history of underlying disease, medication use 
and habits, number of times the extracorporeal method was 
used, type of extracorporeal method, patient’s outcome 
(death, healing, sequela or discharge by personal consent), 
laboratory tests result and vital signs.

This study has been approved by the Ethics Committee 
of Shahid Beheshti University of Medical Sciences under 
the code IR.SBMU.RETECH.REC.1400.444.

The data obtained from the study were analyzed by 
IBM SPSS STATISTICS 22 (IBM Corp, Armonk, New 
York, USA). Initially, the statistical population’s normal 
distribution was established through the Kolmogorov-
Smirnov test. Subsequently, the central and descriptive 
indices were computed and articulated. All samples were 
subjected to a significance level of P<0.05.

Results

From 68181 patients admitted to the poisoning wards, 980 
underwent hemodialysis and hemoperfusion that covered 

1.4% of the cases. 793 (80.9%) males and 187 (19.1%) females 
were investigated. Some demographic information is shown 
in Table 1. The mean age of the subjects was 36.5±14 years. 
The age distribution was significantly different (p<0.001). 604 
cases (61.6%) were in the age range of 21-40 years. 117 cases 
(11.9%) had intentional poisoning. As shown in Figure 1, the 
highest cause of poisoning was due to methanol consumption 
(858 cases, 87.6%). 830 cases (84.7%) had no previous history 
of the disease. Two cases had a history of kidney disease. 903 

Figure 1: Cause of intoxication in the studied patients. MDT= Multiple Drug Toxicity.

Table 1: Demographic information of the studied patients.

Variables Frequency (%)

Gender (Male) 793 (80.9%)

Under 20 years old 100 (10.2%)

21-40 years 604 (61.6%)

41-60 years 211 (21.5%)

61-80 years 60 (6.1%)

Above 81 years 5 (0.5%)

Co-ingestion 62 (6.3%)

Smoking 46 (4.7%)

Alcohol consumption 627 (64%)

Opium abuse 75 (7.7%)

Stimulants abuse 13 (1.3%)

History of pervious disease 150 (15.3%)

History of taking medication 77 (7.9%)

Hemoperfusion 9 (0/9%)

Intubation 203 (20.7%)

ICU admission 187 (19.1%)

Antidote therapy 904 (92.2%)

Duration of hospitalization (day). median (min-max) 2 (1-116)

Death 130 (13.3%)



Rahimi et al.
Epidemiological Pattern of Extracorporeal Methods in Acute Poisoning: A-Five-Year StudyEurasian J Tox. 2024; 6(1):1-5 3

cases (92.1%) had no history of taking drugs and 627 (64%) 
cases had a history of alcohol consumption.

Hemodialysis was the most widely used extracorporeal 
method (971 cases, 99.1%). The median number of 
hemodialysis was 1 and the maximum was 18 times. 
Hemoperfusion was performed for 5 cases of methanol, 3 
cases of multidrug and 1 case of methadone poisoning. As 
shown in Figure 2, there is a significant (p<0.05) increase 
in hemodialysis and hemoperfusion cases during 2019 and 
2020. 36.25% and 59.8% of methanol poisoning cases were 
in 2019 and 2020, respectively.

The most used antidotes were ethanol and folic acid, 
which were 38.1% (373 cases) and 32.8% (321 cases), 
respectively. The median duration of hospitalization was 
2 days. 792 cases (80.8%) recovered. In 15 cases (1.5%), 
injury caused by poisoning remained and the mortality rate 
was 13.3% (130 cases). 2 out of 9 individuals who underwent 
hemoperfusion did not survive, while the remaining 7 
individuals successfully recovered. The mortality rate for the 
hemodialysis method was 13.18%, while the hemoperfusion 
method had a mortality rate of 22.22%.

Clinical and laboratory tests results are shown in Table 2. 
Metabolic acidosis was observed in 823 cases (84%). Acute 
kidney injury (AKI) was present in 536 cases (54.7%). 
Hypernatremia, hyperkalemia, increased BUN (Blood Urea 
Nitrogen) and hyperglycemia were observed in 3.3% (32 
cases), 14% (137), 16.8% (165) and 24.1% (236) of patients, 
respectively. 84.3% of acute kidney injury (452) and 63.1% 
of deaths (82) were among patients with methanol poisoning. 

Discussion

There are four categories of extracorporeal therapies 
based on their mechanism: hemodialysis and peritoneal 

dialysis fall under diffusion, hemofiltration is categorized 
under convection, hemoperfusion falls under adsorption, 
and therapeutic plasma exchange is classified under 
centrifugation14, 15. Hemodialysis offers several benefits 
compared to other extracorporeal treatments. It effectively 
and quickly removes toxins from the blood and dialysate 
due to its high flow rates. Additionally, it can simultaneously 
address other medical conditions like uremia, acid-base 
imbalances, and electrolyte abnormalities. Furthermore, 
hemodialysis is the most accessible, cost-effective, and 
time-efficient method available14. 

Figure 2: Frequency of extracorporeal methods during 2016-2020 years.

Table 2: Laboratory and clinical tests results.

Frequency (%)

13 ≤ GCS < 15 659 (67.2%)

8 ≤ GCS < 13 62 (6.3%)

Coma (GCS < 8) 108 (11%)

Bradypnea 46 (4.7%)

Temperature (Mean±SD) 36.9±0.56

Bradycardia 14 (1.4%)

Tachycardia 145 (14.8%)

Hypotension 38 (3.9%)

Hypertension  293 (29.9%)

Metabolic Acidosis 823 (84%)

Acute Kidney Injury (AKI) 536 (54.7%)

Serum HCo3 (Mean±SD) 14.4±23.8

BUN (meq/l) (Mean±SD) 36.7±27.2

Creatinine (meq/l) (Mean±SD) 1.7±4.1

Blood Glucose (mg/dl) (Mean±SD) 132.5±66.6

Blood PH  (Mean±SD) 7.2±0.4

Sodium (meq/l) (Mean±SD) 137.8±10.8

Potassium (meq/l) (Mean±SD) 4.7±3.4
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In this study, the most used method was hemodialysis. 
The most common cause of hemodialysis was methanol 
poisoning (858 cases, 87.6%). 793 males and 187 females 
were investigated. 61.6% of cases were in the age range 
of 21-40 years. The total mortality rate was 13.3%. The 
mortality rate of hemodialysis method was 13.18% and 
hemoperfusion method was 22.22%.

A study has been conducted in Urmia in the same period 
of time in the poisoning center of Taleghani Hospital. This 
research involved the evaluation of 200 patients. The overall 
mortality rate was 31.5%. The main causes of poisoning 
among patients treated with hemodialysis were toxic alcohol 
(methanol, ethylene glycol) 43% and paraquat 29%. The 
most common signs and symptoms among patients were 
loss of consciousness 41% and gastrointestinal discomforts 
such as nausea, vomiting, and epigastric pain 34%16. In our 
study, methanol was the primary cause of poisoning, while 
paraquat was observed in only 1 case. The shift in the pattern 
of poisoning in 2 cities has resulted in a death rate of 13.18% 
among our hemodialysis patients, which is much lower than 
that reported in the aforementioned study.

According to methanol is the most common cause of 
poisoning, it can be assumed that these cases have increased 
due to the prevalence of coronavirus. Other studies confirm 
that methanol poisoning increased during the COVID-19 
pandemic17-21.

Methanol poisoning can happen through various means, 
such as ingestion, inhalation or skin contact. The symptoms of 
methanol poisoning can include digestive issues, suppression 
of the central nervous system, metabolic acidosis, and vision 
problems including blurred vision and even blindness22, 23. Data 
that was gathered by Hassanian Moghadam and colleagues in 
2019 on individuals suffering from methanol poisoning across 
the globe revealed that the use of hemodialysis and antidotes 
could be a safe and effective treatment for patients affected by 
poisoning24. In our study, the most common toxin treated with 
hemodialysis was methanol. Also, most of the antidotes were 
related to the treatment of methanol poisoning.

A study has been done in Urmia on patients undergoing 
hemodialysis. In that study, 200 patients (158 males, 42 
females) were studied. The reported mortality rates were 
31.5%, with 79% of the deaths being male and 21% being 
female. The main reasons for poisoning in patients were toxic 
alcohols such as methanol and ethylene glycol, accounting 
for 43%, and paraquat, accounting for 29%16. Our research 
also found that methanol, a toxic alcohol, had the highest 
number of cases requiring hemodialysis, while paraquat was 
only associated with 1% of the substances.

Vivek et al. conducted a study on methyl alcohol 
poisoning and hemodialysis. They reported that 91 males 
with mean age 40 ± 8.5 years underwent hemodialysis, and 
13 patients required a second session. Before hemodialysis, 
the mean pH was 7.11 ± 0.04 (range 6.70– 7.33) and mean 
bicarbonate levels were 8.5 ± 4.9 mmol/L (range 2–18). 
Three patients died due to methanol intoxication 25. In 

our study, 147 people (17.13%) of people poisoned with 
methanol needed hemodialysis more than once. 85 people 
(9.56%) of people poisoned with methanol died, which is 
higher than the above study (nearly 9 times).

A study on extracorporeal treatments for child and 
adolescent poisoning was conducted in California in 2013. 
90 patients were examined. Hemodialysis was the main 
method of using extracorporeal treatments26. Our study also 
showed that hemodialysis is the main extracorporeal method 
for the treatment of poisoned people.

A study was conducted on the methanol outbreak in 
Rafsanjan in 2013. A total of 694 subjects were observed. 
Resistant metabolic acidosis was the primary reason for 
hemodialysis in 175 patients, out of which eight patients 
passed away. The serum methanol levels were only accessible 
for the deceased cases and not for the rest27. Our research 
also revealed that 84.2% of the patients (825 individuals) 
exhibited acidosis, indicating that one of the primary purposes 
of hemodialysis and hemoperfusion was to address acidosis.

In the case of opioid poisoning, extracorporeal treatment 
is not the best treatment. Typically, antidote and supportive 
treatments are enough to address the issue. Nevertheless, 
individuals who have reached end-stage kidney disease 
(ESKD) may experience an accumulation of specific opioids 
and their byproducts. To prevent toxicity in such cases, 
hemodialysis could be the solution. One of the primary active 
byproducts of morphine, morphine 6-glucuronide, may lead 
to lasting effects in ESKD patients, but it can be removed 
through dialysis6. Patients with renal impairment may 
experience accumulation of hydromorphone-3-glucuronide, 
which can be removed through hemodialysis28. In our study, 
after methanol, methadone (32 cases, 3.2%) and opium (14 
cases, 1.4%) were the most hemodialysis toxins.

A man, aged 34, who had suicidal thoughts and took 
methadone, was studied. The patient’s condition showed 
metabolic acidosis, acute renal failure, and rhabdomyolysis, 
which indicated the need for hemodialysis. After 11 days 
of hemodialysis, his metabolic disorders resolved but his 
hearing loss remained29. In our study, there were 32 cases 
(3.2%) with methadone poisoning. 81.25% of these cases 
had AKI and 68.75% had metabolic acidosis.

Although hemodialysis and other extracorporeal removal 
methods are performed for a limited number of toxins, 
they are very important and can save patients’ lives and 
eliminate the effects of poisoning. Our study at the Loghman 
Hakim Center showed that methanol, multidrug and opioid 
(methadone & opium) poisoning are the most common 
causes of hemodialysis. Further studies (even case reports) 
on other toxins are recommended to increase the scope of 
knowledge about these methods and their effectiveness.

Limitation

One major constraint of this study was the inadequate 
documentation of certain laboratory information.
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