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The modern view of the use of extracorporeal detoxification
in the treatment of drug poisoning (overdose)
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ABSTRACT

Aim: To analyze the results of the application of extracorporeal detoxification methods in the treatment of drug poisoning and their complications.
Materials and Methods: The studied data of 129 patients aged 18-46 years with severe drug poisoning treated at the Kyiv toxicological center in 2010-2020.
Statistical analysis was performed using the IBM SPSS Statistics 29.0.0.0 program; Kaplan-Meier method, log-rank test, p<0,05.

Results: Patients who started receiving renal replacement therapy 24-36 hours after hospitalization had the highest Kaplan-Meier survival rates. The Kaplan-
Meier hazard ratio for death shows that the chances of survival progressively decrease from the 48th to the 72nd hour from the moment of admission of patients
to hospital, and this trend is observed in patients with both anuria and oliguria. There was a statistically significant difference in Kaplan-Meier survival in patients
receiving selective hemoperfusion on the background of renal replacement therapy (p=0,017); ozone therapy (p=0,051) and plasmapheresis (p=0,131) did

not show statistical significance.

Conclusions: The combination of various methods of extracorporeal detoxification helps to increase the effectiveness of treatment of patients with drug
poisoning due to the acceleration of the elimination of toxic substances and reduces the degree of manifestation of organotoxic effects.

KEY WORDS: acute poisoning, drugs, extracorporeal detoxification

INTRODUCTION

Drug poisoning is a medical and social problem of modern
society which is gaining more and more significance.
According to monitoring centers in the world, about 16
million people aged 15-64 are regular drug users, which
causes more than 500,000 cases of drug poisoning (overdose),
including those with fatal consequences [1, 2].

In Ukraine, since 2010, the number of hospitalizations
in intensive care units of patients with a diagnosis of “drug
poisoning”has increased significantly [3]. Patients often get
admitted not only with drug overdoses, but also with combined
poisonings and complications such as compartment syndrome,
acute renal and hepatic failure, sepsis and other critical
conditions. At the same time, most patients have concomitant
diseases, such as hepatitis, pancreatitis, pneumonia, which
complicates the course of the poisoning [4, 5].

It is important to note that despite the availability of
antidotes (for example, naloxone hydrochloride), their
effectiveness is often insufficient in cases of combined drug
poisoning. For example, the use of naloxone hydrochloride

Pol Merkur Lek,2024;52(5):522-529. doi: 10.36740/Merkur202405107

in poisonings with synthetic opioids, in particular fentanyl,
is often ineffective, and in poisonings with methadone itis
a dangerous means of treatment [6, 7]. Instead, methods
of extracorporeal detoxification, such as hemodialysis,
plasmapheresis, and hemoperfusion are effective in the
treatment of many poisonings, accelerating the elimination
of toxins from the blood and preventing the development
of fatal complications [8].

Considering the above, the search for effective methods
of extracorporeal detoxification in the complex treatment
of drug poisoning and their specific organotoxic effects
is an urgent issue of clinical toxicology.

AIM

The aim of the study was to analyze the results of the
application of extracorporeal detoxification methods in
the treatment of drug poisoning and their complications.

MATERIALS AND METHODS
Systematized medical data of 129 patients aged 18-46
years with the diagnoses of “Acute drug poisoning’, “Acute
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methadone poisoning” (ICD-10:T40.0-T40.3), treated in
2010-2020 in the intensive care unit and extracorporeal
detoxification of the Kyiv City Clinical Emergency Medical
Hospital (ICU-ED); women - 9 patients (6,98%), men - 120
patients (93,02%). Opioids were detected in all cases (100%),
alcohol -in 48 cases (37,21%). Toxicological screening was
carried out using: immunochromatographic analysis, liquid
and gas chromatography, mass spectrometry. Along with
opioids, other psychotropic substances were found in
small quantities: cocaine, amphetamines, benzodiazepines,
phenothiazines, barbiturates, antidepressants, nicotine,
etc. All patients received treatment in accordance with
the requirements approved by the Ministry of Health of
Ukraine. 1069 protocols of detoxification procedures for drug
poisoning were studied. Hemodialysis was performed on
dialysis machines of the following brands: Gambro (model
AK200 Ultra S); Fresenius (models 5003, 5008); B. Braun
(Dialog model); bicarbonate and acetate buffer was used.
These methods of renal replacement therapy (RRT) were
used: continuous veno-venous hemodialysis (CVVHD) with
ultrafiltration (UF); continuous veno-venous hemofiltration
(CVVHF); continuous veno-venous hemodiafiltration
(CVVHDF). The continuous plasmapheresis (PA) procedure
was carried out using the following devices: Hemofenics,
AS-B-02 with a membrane plasmafilter PFM 800 and a set
of Fenix-AMP lines. The discrete plasmapheresis procedure
was carried out on the Haemonetics PCS2 device with a set
of Haemonetics PCS2 lines. Hemoperfusion (HP) was carried
out using non-selective carbon and hydrogel selective
sorbents and ion-exchange resins. Ozone therapy was
carried out on the devices: Bozon H+ (Module “Bozon-
BAGTO-LAZER" (for ozonation of autologous blood), Module
“Bozon MOF” (for ozonation of physiological solution).

In cases of death of patients (7 cases), a forensic medical
examination was conducted; examination of the tissues
and fluids of the deceased for drug content was carried out
using the liquid chromatography and mass spectrometry
method (device - Aligent 6850/5973N, column - HP-5MS).

The studied materials of scientific libraries Elsevier and
PubMed on the topic of research with a search depth of 20
years. Statistical analysis of the obtained data was carried
out using the IBM SPSS Statistics 29.0.0.0 program.

Quantitative parameters were presented as mean *
standard deviation, and qualitative data - in the form of
absolute and relative frequency (%). With the aim to assess
the patients’ survival, we used the Kaplan-Meier method
for estimating the survival curves, and the log-rank test
to compare a survival in two groups. Correlation between
indicators was determined by Spearman’s correlation
coefficient (p). For all tests a p-value <0,05 was considered
as statistically significant.

RESULTS

According to the Institute of Forensic Psychiatry of
the Ministry of Health of Ukraine with reference to the
Report on the Drug and Alcohol Situation in Ukraine for
2022 (according to 2021 data), the practice of using illegal
drugs of various groups, including their simultaneous use

with psychotropic substances and alcohol became more
common [9].

Despite the fact that opioids do not directly possess
nephrotoxicity, their combination with alcohol, amphetamines,
cocaine and other psychotropic substances causes damage
to organs and systems of the body, which leads to the
development of multiple organ failure, in particular, acute
kidney injury (AKI) [10, 11]. The acute renal syndrome is
defined (Kidney Disease Improving Global Outcomes,
KDIGO, 2012) as characterized by an increase in serum
creatinine concentration of >0,3 mg/dL (26,5 mmol/L)
within 48 hours or a =1,5-fold increase within 7 days, or
diuresis <0,5 ml/kg/hour for 6 hours [12].

In case of drug poisoning, AKl is characterized by a wide
range of disorders — from a temporary increase in the
concentration of certain biomarkers of kidney damage to
deep and systemic metabolic disorders that require the
use of other detoxification methods in addition to RRT.
The structure and number of extracorporeal detoxification
procedures performed at ICU-ED in the treatment of patients
with drugs poisoning during the 20-year study period are
shown in Fig. 1. In the period 2015-2020, there was an
increase in the number of selective hemoperfusion (HP),
plasmapheresis (PA) and ozone therapy (OT) procedures.

In recent years, the following detoxification methods
have been used in the conditions of a specialized intensive
care unit for the complex treatment of drug poisoning
(overdoses) and their complications:

1) renal replacement therapy (RRT): CVVHD+UF, CVVHF,
CVVHDF - used to eliminate toxins and maintain ho-
meostasis in patients with acute renal failure of toxic
origin;

2) plasmapheresis (PA), membrane and centrifugal, used
for the purpose of eliminating toxins and correcting
indicators of the hemostasis;

3) hemoperfusion (HP) with the use of non-selective
sorbents (carbon sorbents) and selective sorbents
(hydrogel sorbents with polymyxin B, Hemo-Prote-
azsorb and selective sorbents of the Jafron (HA230,
HA130) effectively ensured the removal of inflamma-
tory mediators at complications and accompanying
diseases such as: pneumonia, sepsis, pancreatitis,
hepatitis, purulent-necrotic processes of soft tissues
due to rhabdomyolysis, etc.;
ozone therapy (ozonized autohemotransfusion, intra-
venous infusion of ozonated physiological solution
and local application of ozone) was used in complex
therapy of infectious and inflammatory processes,
stimulation of healing of infected postoperative wo-
unds, detoxification, improvement of microcirculation
(pneumonia, sepsis, purulent-necrotic processes of
soft tissues, vascular thrombosis).

In order to evaluate the effectiveness of the above-
mentioned detoxification methods, an in-depth analysis
of the results of treatment of 129 patients with AKI due to
drug (opium group) poisoning was conducted. RRT was
used in 40 patients with anuria (31,01%) and 49 (37,98%)
with oliguria; against the background of replacement
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Fig. 1. Structure and number of RRT and extracorporeal detoxification procedures performed in patients with drugs poisoning
during 2000-2020 (data from the Kyiv City Clinical Hospital for Emergency Medical Care, ICU-ED): CVVHD+UF - continuous veno-
-venous hemodialysis with ultrafiltration; CYVHF - continuous veno-venous hemofiltration; CVVHDF - continuous veno-venous

hemodiafiltration; PA — plasmapheresis; HP — hemoperfusion.

therapy, the following were used: plasmapheresis —in 28
(21,71%), hemoperfusion - in 34 patients (26,36%), blood
ozonation in 36 patients (27,90%).

The average length of stay of patients in VIT-ED ranged
from 8,9+3,6 days (from 3 to 18 days); a total of 7 people
died (5,42% of all observations); among the deceased:
women - 3 (42,8%), men — 4 (57,1%).

Clinical parameters that had a direct positive correlation
with the fact of death were: the presence of a compression
zone of soft tissues and the level of creatine phosphokinase
>5000 units/l (p=0,743, p<0,01 [n=57]); pneumonia (p=0,664,
p<0,05 [n=511); hypovolemia (p=0,611, p<0,05 [n=48]);
electrolyte disturbances (p=0,553, p<0,01 [n=46]); female
gender (p=0,337, p<0,05 [n=9]); the presence of alcohol in
the blood (p=0,346, p<0,05 [n=41]); time from the moment

Log Survival Function

Log Survival

[+ ] 0 &0

hours

60

of hospitalization to the start of renal replacement therapy
> 48 hours (p=0,311, p<0,05 [n=35]); procalcitonin level
(p=0,131, p<0,05 [n=21]).

According to the Kaplan-Meier method, the survival
rates of all patients with AKI were studied depending on
the start of RRT (Fig. 2). The survival curves of patients with
anuria and oliguria were studied separately (Fig. 3). The
results of the study show that the best survival rates were
in patients who were started with RRT within 24-36 hours
of admission to VIT-ED. After 48 hours of stay in VIT-ED in
patients with oliguria-anuria who did not receive RRT, the
survival rate significantly decreased (Fig. 3).

The Kaplan-Meier cumulative hazard curve of death
shows that the chances of survival progressively decrease
starting from the 48th hour from the moment of admission

——Survival Function
—+—Censored

Fig.2. Kaplan-Meier (log-rank test) survival curve for all treated patients (N=129).
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Fig. 3. Kaplan-Meier cumulative survival curve for patients with drug poisoning complicated by oliguria and anuria (N=129),
depending on the time of initiation of RRT (p=0,039).
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Fig. 4. Kaplan-Meier cumulative hazard curves for patients (N=129) with drug poisoning complicated by oliguria and anuria,
depending on the initiation of RRT (p=0,025).
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Fig. 5. Kaplan-Meier (log-rank test) survival curve of patients on the background of RRT depending on the use of hemoperfusion

(HP) (p=0,017).

of patients to VIT-ED, and such a trend is observed in patients
with both anuria and oliguria (Fig. 4).

Investigating the effectiveness of various methods of
extracorporeal detoxification (hemoperfusion, plasmapheresis,
ozone therapy) on the background of RRT, it was established
that a statistically significant difference in Kaplan-Meier survival
rates was demonstrated by patients who received selective
hemoperfusion on the background of RRT (p=0,017) (Fig.
5), however, ozone therapy (p=0,051) and plasmapheresis
(p=0,131) did not show statistical significance.

Our practical experience proves that the use of several
methods of extracorporeal detoxification in the treatment of
poisoning is appropriate and justified due to their mutually
reinforcing effects. Each of the methods - be it hemodialysis,
hemofiltration, plasmapheresis, hemoperfusion, or ozone
therapy - has its own unique mechanisms of action that
allow not only to effectively remove toxic substances,
but also to maintain homeostasis, reduce the level of
inflammatory mediators, and correct impaired functions
of organs and systems.

DISCUSSION

Today, the mechanisms of toxicokinetics and toxicodynamics
of most toxic substances are known, which made it possible
to develop recommendations for the use of extracorporeal
detoxification methods. It has been proven that the indications
for the use of extracorporeal elimination of toxins depend
on the dose and concentration of the toxin, the clinical
course of poisoning, the individual characteristics of the
patient, etc. [13, 14].

Forexample, it was proven that extracorporeal elimination
is appropriate if it significantly (by 30% or more) increases
the total detoxification effect, on the basis of which the
modality of extracorporeal detoxification methods for
various poisonings and pathological conditions was
determined [15].

Today, the scientifically proven effectiveness of extracorporeal
detoxification is studied by the international and interdisciplinary
project EXTRIP (extracorporeal treatment of poisoning).
Clinical recommendations for the use of certain methods of
extracorporeal elimination of toxins and their toxic metabolites
are provided by the authors of the project in the form of
detailed tables and guidelines. For each of the common
poisonings, a toxidrome, the mechanism of toxicokinetics
of the poison, a clinical picture, a treatment plan, as well as
the role and indications for the use of the extracorporeal
detoxification method are provided [16]. However, methods
of artificial detoxification have certain limitations for use in
the treatment of poisoning. Limitations are mainly associated
with the risk of such complications as: hypotension; loss of
blood components due to residual blood in the circuit and
partial hemolysis; bleeding against the background of the use
of heparin or other anticoagulants; metabolic and electrolyte
disorders; air embolism; sensitization, etc. [17-19].

Antidotes are an important component of drug poisoning
therapy. Over the past decade, new approaches have emerged
to create antidotes against powerful synthetic opioids,
such as fentanyl and its analogs. Today, pharmacological
antagonists and specific antibodies have been synthesized
that allow effective treatment of opioid poisoning [20-22].

However, their clinical effectiveness in combined poisoning
is quite limited and requires additional research. In recent
years, information has been appearing regarding the use of
artificial intelligence (Al) in the selection of a detoxification
method. According to some scientists, the creation of
prognostic models based on“machine learning” (ML) will
make it possible to predict the survival of patients receiving,
for example, hemodialysis with high efficiency. Based on
vast amounts of data and evidence, newly developed ML
models have great potential to become a practical tool
for decision-making in the treatment of patients requiring
artificial detoxification. Further large-scale multicenter
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studies will confirm the effectiveness of these models Al
for further implementation in practice [23].

In the conditions of constant changes in the spectrum of
toxic substances, in particular, the rapid spread of highly
toxic drugs, psychotropic substances and their precursors,
the constant improvement of traditional technologies of
extracorporeal blood purification remains relevant. An
actual direction of research is the study of the effectiveness
of the combination of various methods of efferent therapy,
including extracorporeal detoxification in complex intensive
therapy of poisoning.

CONCLUSIONS
1. The increase in the number of combined drug poi-
sonings and the limited effectiveness of naloxone
hydrochloride led to the need to improve methods
of artificial detoxification (hemodialysis, plasmapher-
esis, hemoperfusion, ozone therapy) by developing
methods of their combined use.

2. It was found that patients who received selective
hemoperfusion against the background of renal re-
placement therapy (CVVHD+UF, CVVHF, CVVHDF)
had better survival rates (p=0,017) according to the
Kaplan-Meier method.

3. The combination of different methods of artificial de-
toxification, taking into account their modality, can
contribute to the detoxification process and minimize
organotoxic effects.

PROSPECTS FOR FURTHER RESEARCH

The specific toxicity of synthetic opioids, new psychotropic
substances and their precursors remains an area that requires
additional research. In particular, a promising direction of
scientific research is the development of techniques for the
combined use of extracorporeal detoxification methods (for
example, hemodialysis, hemoperfusion, plasmapheresis,
ozone therapy, etc.) to accelerate the process of eliminating
toxins and correcting homeostasis.
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