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Purpose: The aim of this study was to analyze data on gabapentinoid-related attendances to the National Poison Control Center of
Serbia (NPCC), particularly abuse cases; to estimate its changes and to compare it with trends in national consumption rates of these
drugs. We also aimed to analyze the main characteristics of the study population and to investigate the major clinical effects in
poisoned patients.

Patients and Methods: This is a retrospective study of patients admitted to the NPCC for acute poisoning involving gabapentinoids
from 1 May 2012 to 1 October 2022.

Results: There were 357 (95.5%) pregabalin-related and 17 (4.5%) gabapentin-related poisoning cases in 302 patients. Abuse of
pregabalin was detected in 27.8% (84/302), while gabapentin abuse occurred in 0.7% (2/302) of all patients. A steady increase in rates
of pregabalin poisoning and abuse cases strongly correlated with the increase in overall consumption of this drug, while there were no
significant changes in rates of gabapentin consumption, poisoning and abuse rate during the study period. Most patients who abused
pregabalin pregabalin were males (84.5%) and the median age was 26 years (range: 15-45 years). Almost 60% of patients who abused
pregabalin (48/84) belonged to the migrant population. Co-ingestions occurred in 89.4% of pregabalin-related cases (319/357),
resulting in more severe poisoning. The most often co-ingested drugs were benzodiazepines and among them clonazepam was
detected in the largest number of cases.

Conclusion: The poisoning and abuse cases involving pregabalin are on the rise in Serbia, which coincided with an increase in its
overall consumption during the study period. Isolated pregabalin ingestions resulted in mild poisoning, although severe symptoms such
as coma and bradycardia were recorded. When prescribing pregabalin to patients at risk of abuse caution is needed. Strengthening the
measures for dispensing of pregabalin may reduce the risks associated with its abuse.
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Plain Language Summary

Drug abuse is a serious health problem worldwide, and acute poisoning remains a significant cause of death. Gabapentinoids
(pregabalin and gabapentin) are a group of drugs that have not traditionally been abused. However, as their therapeutic use has
increased, so have the number of reports describing an increase in abuse and overdose with these drugs. In this paper, we present data
on the number of patients admitted to the National Poison Control Center of Serbia (NPCC) for acute poisoning with gabapentinoids.
We looked at the toxicity levels of these drugs and assessed whether, and to what extent the phenomenon of gabapentinoid abuse is
present in Serbia. We found that pregabalin is used much more frequently in therapy in our country compared to gabapentin. The
number of patients who abused pregabalin and were treated in NPCC has increased significantly over the past decade. During the same
period, therapeutic use and the number of poisoning and abuse cases related to gabapentin were significantly lower and even
decreased. When patients took pregabalin alone, it did not cause severe poisoning. However, this drug is mainly used or abused
together with other psychoactive substances, which carries a higher risk of developing more serious clinical effects. In some countries
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pregabalin and/or gabapentin are classified as controlled psychoactive substances, and the results of our study may serve the authorities
in Serbia to consider such a possibility, in response to the growing trend of pregabalin poisoning and abuse in our country.

Introduction

Pregabalin and gabapentin are psychoactive agents that belong to the drug group gabapentinoids. Although synthesized as
structural analogs of y-aminobutyric acid (GABA), gabapentinoids do not bind to GABA receptors, but exert their effects
primarily by inhibiting voltage-gated calcium channels, resulting in attenuation of neuronal calcium influx, reduction of
neurotransmitter release and slowing of neuronal excitability.' In many countries, the prescribing and overall consumption
of gabapentinoids has increased sharply.>® A significant part of this trend is attributed to the common off-label use of
gabapentinoids and the ongoing efforts of clinicians not to rely on opioids in the treatment of various pain conditions.* In
Serbia, gabapentinoids are approved for the treatment of neuropathic pain and as adjunctive therapy for focal seizures in
patients with epilepsy, while pregabalin has an additional indication for the treatment of generalized anxiety disorder. In
some countries pregabalin is approved for the treatment of fibromyalgia syndrome.” According to the Medicines and
Medical Devices Agency of Serbia annual reports on prescription and dispensing of drugs, the consumption of pregabalin
has increased more than 200 times in the last decade. At the same time, there has been a remarkably smaller change in the
use of gabapentin.® In parallel with widespread use, there are a growing number of reports of misuse, abuse and acute
poisonings associated with gabapentinoids.” '* It seems that pregabalin is more prone to abuse due to its pharmacokinetic
and pharmacodynamic properties.'' It has non-saturable absorption and higher bioavailability, faster onset of action, and six
times higher potency compared to gabapentin.'"'* Among the poisoning cases, there is great interindividual variability
regarding the clinical effects and ingested dose of drug.'® Severe signs and symptoms mainly occur in cases when other
drugs are co-ingested, but have also been reported in isolated poisoning as well.'*

Currently, there are no official data on gabapentinoid poisonings in Serbia and little is known about the patterns of
abuse in our country. The aim of this study is to present data on gabapentinoid related attendances to the National Poison
Control Center in Serbia (NPCC; a reference institution in our country for the treatment of patients with acute poisoning),
particularly abuse cases, estimate their changes and compare them with changes in consumption rates of these drugs in
Serbia. We also aimed to describe the main characteristics and clinical manifestations of the study population, in order to
improve the current knowledge about gabapentinoid toxicity.

Materials and Methods

Study Design

This is a retrospective study of patients admitted to the NPCC for acute poisoning involving pregabalin or gabapentin
during the 10-year period (May 1, 2012-October 1, 2022). The NPCC was established in Military Medical Academy,
Belgrade, Serbia in 1997, and consists of two major organizational units - the Clinic of Emergency Medicine and Clinical
Toxicology and the Institute of Toxicology and Pharmacology (both units work 24/7). There are approximately 4500
patients with acute poisoning treated at the NPCC every year.

Terminology and Data

Data collected on admission and during the hospitalization (demographic data, anamnestic and hetero-anamnestic data,
laboratory findings, clinical effects, complications, treatment and outcome) are archived in the medical record for each
patient. Following patient discharge all data are entered into the toxicology database of NPCC, after prior review and
assessment of the poisoning severity by a clinical toxicologist.

In the available literature an overlap in definitions and various explanations for drug misuse- and abuse-related events
could be found. For this study, we decided to use the classification adopted in the Analgesic, Anesthetic, and Addiction
Clinical Trials, Translations, Innovations, Opportunities, and Networks (ACTTION) group review, which suggested
following definitions: Abuse - any intentional, nontherapeutic use of a drug, even on a one-time basis, to achieve
a desired psychological or physiological effect; Misuse - any intentional therapeutic use of a drug product in an
inappropriate manner; Suicide-related event - self-injurious or potentially self-injurious behavior associated with at
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least some intent to die or that resulted in death. Evidence that the individual intended to kill him/herself, at least to some
degree, can be explicit or inferred from the behavior or circumstance. A suicide attempt may or may not result in actual
injury.'?

The Poisoning Severity Score (PSS), a system that grades the severity of poisoning based on the overall clinical
course, regardless of the ingested dose, concentration, type and number of agents involved, was used.'® Poisonings are
classified into five grades: PSS 0 - no symptoms of poisoning (None); PSS 1- mild symptoms or signs (Minor); PSS 2 -
pronounced or prolonged symptoms or signs (Moderate), PSS 3 - severe or life-threatening symptoms or signs (Severe)
and PSS 4 - death (Fatal).

A history of problematic substance use was defined on previous documented evidence in patient history (eg drug
related self-harm or suicide-related event, past hospitalization due to substance misuse/abuse/overdose, history of
substance abuse treatment). The information on ingested dose was self-reported and collected from anamnestic or hetero-
anamnestic data. For detection and quantification of pregabalin in plasma samples of patients, we validated an in-house
liquid chromatography coupled with the tandem mass spectrometer (LC-MS/MS) method using a ACQUITY UPLC
H-Class System coupled with a XEVO TQD triple quadruple mass spectrometer (Waters Corp., Milford, MA, USA)."”

Data related to drug consumption are presented in terms of defined daily doses per 1000 inhabitants per day (DDD/
1000 inhabitants/day) using the ATC/DDD methodology recommended by WHO. Data related to acute poisonings and
abuse cases are presented as absolute numbers or a number of cases per 100,000 inhabitants.'® Trends in gabapentinoid
acute poisoning and abuse cases were estimated from annual data from the NPCC database, whereas changes in drug
consumption were estimated from annual reports on prescribing and dispensing of drugs from the Medicines and Medical
Devices Agency of Serbia.’

Ethics Approval

This study was conducted with the approval of the Ethics Committee of the Military Medical Academy (resolution
number 25/2022) in accordance with the ethical principles of the Declaration of Helsinki and the International Council
for Harmonization (ICH) guidelines for good clinical practice (GCP). For this type of study, a formal informed consent
was not required by the Ethics Committee. Data were analyzed without identifying patients and confidentiality was
maintained throughout the study.

Statistical Analysis

The distribution of continuous data was tested with the Kolmogorov—Smirnov and the Shapiro—Wilk test. Since most of
the dataset were with non-normal distribution, continuous variables were expressed as medians and interquartile values
(Q1 (25. percentile) - Q3 (75. percentile)). The difference between groups was compared with the Mann—Whitney U-test,
and the relationship between data was tested with the Spearman correlation coefficient. Categorical variables were
expressed as absolute numbers or frequencies of specific categories and the Chi-Square test was used for the analysis.
A p-value of <0.05 was considered statistically significant.

Results

During the study period, there were 374 cases of gabapentinoid-related acute poisoning in 302 patients admitted to
NPCC, with 51 repeat readmissions (median: 1 readmission; range: 1-5 readmissions). Most cases involved pregabalin
(95.5% - 357/374) and a much smaller proportion involved gabapentin (4.5% - 17/374). The proportion of patients who
abused pregabalin and gabapentin was 27.8% (84/302) and 0.7% (2/302) of the study population, respectively. The
gender difference was most pronounced in the group of patients who abused pregabalin (males: 71/84—84.5%), whereas
the majority of patients in the suicide-related events group were female (79/112-70.5%). The age distribution was
significantly different in the group of patients who abused pregabalin (median: 26 years, range: 15-45 years) compared to
the misuse (median: 42 years, range: 13—87 years) and suicide-related events group (median: 41 years, range: 16-84
years). In all groups, concurrent use of other psychoactive substances was more common than isolated pregabalin
poisoning, and benzodiazepines were the most common coingestants. The main route of administration was ingestion and
only one patient took pregabalin intranasally. Where the reasons were reported, most of the patients abused pregabalin
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and gabapentin to achieve a psychoactive effect or to potentiate effects of other co-ingested substances, while in two
cases drugs were taken to increase arousal and sexual desire.

Trends in Acute Poisonings, Abuse Cases and Consumption of Gabapentinoids in

Serbia
Examining the average maintenance daily dose (Defined Daily Dose: DDD) for gabapentinoids in the period between
2012 and 2021, there was a steady increase in pregabalin consumption in Serbia (from 0.02 DDD/1000 inhabitants/day in
2012 to 4.58 DDD/1000 inhabitants/day in 2021). In the same period, the rate of acute poisonings involving pregabalin
increased from 0.01 cases of poisoning per 100,000 inhabitants (one case) in 2012 to 1.13 cases of poisoning per 100,000
inhabitants (78 cases) in 2021. The first case of pregabalin abuse was detected in 2016 (it was the only one in that year)
and the highest number of abuse-related poisonings (30 cases) was detected in 2020. The rising trend in pregabalin
consumption between 2012 and 2021 was in a strong positive correlation with both increase in the annual rate of both
acute poisonings (r=0.900, p<0.001; Spearman correlation coefficient) and abuse cases among them (r=0.957, p<0.001;
Spearman correlation coefficient) (Figure 1). Gabapentin consumption in Serbia decreased slightly over the 10-year
period (from 0.15 DDD/1000 inhabitants per day in 2012 to 0.11 DDD/1000 inhabitants per day in 2021). During the
study period, the maximum number of poisoning cases related to gabapentin was recorded in 2012 and 2019 (four cases
in each year). Abuse was detected in three cases in 2012, and in only one case in 2019. There were no significant changes
nor correlation between the consumption of gabapentin and the rates of acute poisonings or abuse cases.

Due to disproportion and evident higher frequency of pregabalin in acute poisonings and abuse-related cases, data
concerning only this drug will be presented in further analysis.

The Main Characteristics of the Patients with Pregabalin-Related Acute Poisoning
To distinguish the main sociodemographic differences and patterns of pregabalin use among the patients in this study, we
classified the cases into the following groups: suicide-related events, misuse- and abuse-related cases as presented in Table 1.
Suicide-related events accounted for 40.9% of all cases (146/357), with the majority of patients being female (70.5%)
(p<0.001; Chi-Square test). Pregabalin abuse was detected in 28.9% (103/357) of all poisoning cases. Most patients who
abused pregabalin were male (84.5%) (p<0.001; Chi-Square test) and younger than 40 years (70.3% of them were younger
than 30 years and 21.4% were between 30 and 40 years old). The age distribution in all groups is presented in Figure 2.
The dose of pregabalin was recorded in 59.7% (213/357) of all study cases. Suicide-related events (median: 600 mg,
Q1-Q3: 350-1300 mg) and abuse cases (median: 600 mg, Q1-Q3: 450—-1000 mg) involved significantly higher doses of
pregabalin than misuse-related cases (median: 237 mg, Q1-Q3: 150-475 mg) (p<0.001; Chi-Square test). A history of
problematic substance use was present in almost half of the patients in all poisoning cases (Table 1).
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Figure | Pregabalin consumption and poisoning cases in National Poison Control Center of Serbia for ten-year period (2012-2021).
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Table | The Main Characteristics of the Study Population (Pregabalin-Related) and Differences Among Suicide-Related Events, Misuse

and Abuse Cases

All Exposures Misuse Suicide-Related Events Abuse p
Number of cases (n) 357 108 (30.2%) 146(40.9%) 103 (28.9%) -
Number of patients (n) 287 91 (31.7%) 112 (39.0%) 84 (29.3%) -
Gender (n)
Male 148 (51.6%) 44 (48.3%) 33 (29.5%) 71 (84.5%) <0.001
Female 139 (48.4%) 47 (51.9%) 79 (70.5%) 13 (15.5%)
Age (years)
Median 37 2] 41 26 < 0.001
Q -Q; 2646 35-54 33-52 23-32
Range 13-87 13-87 16-84 1545
History problematic substance use (n) 117 (40.8%) 28 (30.8%) 58 (51.8%) 31 (36.9%) ns
Migrant population 55 (19.2%) 7 (7.7%) - 48 (57.1%) <0.001
Dose documented cases (mg) 213 (59.7%) n =76 (70.3%) n=92 (63.0%) n=45 (43.7%) -
Median 500 237 600 600? < 0.001
Q-Q; 250-900 150475 3501300 450-1000
Range 25-6900 50-6900 25-4700 150—4200
Isolated pregabalin ingestion (n) 38 (10.6%) 6 (5.6%) 12 (8.2%) 20 (19.4%) 0.002
Co-ingested substances (n) 319 (89.4%) 102 (94.4%) 134 (91.8%) 83 (80.6%)
Most often co-ingested groups of psychoactive substances (n) | Benzodiazepines | Benzodiazepines Benzodiazepines -
84 (77.8%) 118 (80.8%) 70 (68.0%)
Anticonvulsants | Antidepressants Ethanol
37 (34.3%) 48 (32.9%) 21 (20.4%)
Antidepressants | Antipsychotics Opioids
25 (23.1%) 40 (27.4%) 16 (15.5%)

Notes: For continuous data statistical significance was determined with the Mann—Whitney U-test by comparison between the: abuse and misuse group (°p < 0.001), abuse
and suicide-related events (°p < 0.001). For categorical data statistical difference between the groups was determined with Chi-Square test.
Abbreviations: n, number; Q| — Q;, Q| (25. percentile) — Q3 (75. percentile); ns, not statistically significant.

In all groups, concurrent use of other psychoactive substances was more frequent than isolated pregabalin poisoning.
Benzodiazepines were the commonest coingestants, although there were differences among the groups in frequencies of
specific benzodiazepine drugs. The most notable difference was observed for clonazepam. Following benzodiazepines,
alcohol and opioids were the most frequently co-ingested substances in the group of patients who abused pregabalin. Illicit
drugs (eg heroin, cannabis, amphetamines and cocaine) were detected in a small number of cases. For a detailed description
of the psychoactive substances most commonly co-ingested with pregabalin, see Supplementary Table 1 Parts 1 and 2.

Sociodemographic data showed that a large number of patients belonged to the migrant population (55 patients) and
among them, 87.3% (48/55) were related to abuse of pregabalin while 12.7% (7/55) were in a misuse-related group
(Table 1). In this subgroup of the study population, concomitant use of pregabalin and clonazepam was extremely
common and detected in 85.4% of them (data not shown here).
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Figure 2 Age distribution (%) of the study population in misuse, abuse and suicide related events.

Clinical Features of Pregabalin Acute Poisonings
The main clinical features of patients admitted to the NPCC due to acute poisoning involving pregabalin are listed in

Table 2. The majority of all patients were discharged after the treatment in emergency department (64.4%), however

Table 2 Clinical Features of Study Population and Differences Among Pregabalin Isolated and Polysubstance Poisonings

All Exposures Pregabalin Only Co-Ingested Substances p
(n=357) (n=38) (n=319)
Dose documented cases (mg) n=213 (59.7%) n=26 (68.4%) n=187 (58.6%)
Median 500 600 500 0.04
IQR 250-900 450-1050 225-900
Range 25-6900 100-3750 25-6900
Concentration documented cases (mg/L) n=104 (29.1%) n=7 (18.4%) n=97 (30.4%)
Median 6.23 14.30 6.13 ns
Q -Q; 1.79-12.59 7.26-18.98 1.78-11.70
Range 0.10-76.16 1.67-28.3 0.1-76.16
Disposition (n)
Emergency department 230 (64.4%) 30 (78.9%) 200 (62.7%) 0.03
Admitted to clinic 127 (35.6%) 8 (21.1%) 119 (37.3%)
Clinical findings (n)
Coma 91 (25.5%) 4 (10.5%) 87 (27.3%) 0.03
Hypotension 27 (7.6%) 0 27 (8.5%) ns
Bradycardia 9 (2.5%) | (2.6%) 8 (2.5%) ns
Seizure 2 (0.6%) 0 2 (0.6%) ns
(Continued)
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Table 2 (Continued).

All Exposures Pregabalin Only Co-Ingested Substances p
(n=357) (n=38) (n=319)

Complications (n)

Pneumonia 40 (11.2%) | (2.6%) 39 (12.3%) ns

Rhabdomyolysis 21 (5.9%) 0 21 (6.6%) ns
Treatment (n)

Intubation 25 (7.0%) 0 25 (7.8%) ns

Vasopressors I (3.1%) 0 11(3.4%) ns

Mechanical ventilation 8 (2.2%) 0 8 (2.5%) ns
PSS score (n)

None/Minor - 0/1 231 (64.7%) 33 (86.8%) 199 (62.4%) 0.01

Moderate/Severe - 2/3 122 (34.1%) 5 (13.2%) 116 (36.3%)

Fatal - 4 4 (1.1%) 0 4 (1.3%) -
Length of hospital stay (h)

Median 6 4 6 <0.001

Q -Q; 4-24 3-6 4-30

Range 1-624 1-84 1-624

Notes: For continuous data statistical difference between the groups was determined with the Mann—-Whitney U-test. For categorical data statistical difference between the
groups was determined with Chi-Square test.
Abbreviations: n, number; h = hours; Q;, Q; = Q, (25. percentile) — Q3 (75. percentile); ns, not statistically significant.

patients were admitted more often to the clinic for further treatment when other drugs and substances were co-ingested.
Seizures were recorded in only two patients. One of them had a history of epilepsy, while in the other patient the seizure
occurred on the eighteenth day of hospitalization, followed by a fatal outcome. Only one patient (age 31 years) with no
history of cardiovascular disease presented with sinus bradycardia, after ingesting only 750 mg of pregabalin. The patient
was taking prescribed pregabalin for some time, but on the day of admission he took a higher dose than recommended.
On admission he was somnolent, with a heart rate of 38/min, which later improved to 42/min. After treatment and
observation in the emergency department, the patient recovered and was referred to a cardiologist.

Co-ingestion of other psychoactive substances was more common and these cases involved significantly higher doses
of pregabalin in severe (PSS 3 - median dose: 1750 mg, Q1-Q3:675-2800 mg) and moderate poisonings (PSS 2 - median
dose: 1200 mg, Q1-Q3:900-2100 mg) comparing to the mild poisonings (PSS I - median dose: 375 mg, Q1-Q3:150-
600 mg), (p<0.001; Chi-Square test) and asymptomatic patients (PSS 0 - median dose: 150 mg, Q1-Q3:100-300 mg)
(p<0.001; Chi-Square test).

Significantly higher pregabalin plasma concentrations were found in patients hospitalized in the clinic for further
treatment and in cases required intubation and mechanical ventilation (Supplementary Table 2). The highest pregabalin

plasma concentration in this study was found in a female patient (age 45 years) admitted 3 hours after ingestion of an
unknown dose of pregabalin. In this case, pregabalin plasma concentrations were 76.16 mg/L (at admission), 28.26 mg/L
(12 hours later) and declined to <1 mg/L (36 hours after admission). The patient was admitted to NPCC in a coma with
hypotension (80/50 mmHg), normal heart rate (70/min), and low oxygen saturation (80%), while a toxicology screening
revealed a low blood ethanol concentration (0.1%o) and co-ingestion of several drugs (diazepam, zolpidem, citalopram,
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mirtazapine and paracetamol) that were within the therapeutic range. Intubation was performed for airway protection and
short-term mechanical ventilation was required because of respiratory failure.

The patient’s mental status improved, and she was extubated on the third day of hospitalization. Six days after
admission, the patient made a full recovery and was discharged from the NPCC clinic. A significant positive correlation
was found between the concentration, reported dose, severity of poisoning and length of hospitalization (Supplementary
Table 2).

In cases of isolated pregabalin poisonings, the median dose of pregabalin was significantly higher in patients within
PSS 1 group (median: 750 mg, Q1-Q3: 500-1275 mg) comparing to patients in PSS 0 group (300 mg, Q1-Q3: 300-
450 mg) (p<0.01; Chi-Square test). The dose was recorded in only one patient within the PSS 2 group, that was
admitted to the clinic in a coma, after ingesting 2100 mg of pregabalin. After the treatment with only supportive
therapy, the patient recovered and was discharged after 20 hours of hospitalization. In isolated pregabalin poisonings
we also found a positive correlation of the ingested dose with the PSS score (r=0.390, n=26, p<0.05; Spearman
correlation coefficient) and the length of hospitalization (r=0.553, n=26, p<0.01; Spearman correlation coefficient).
Concentration was measured in only seven cases with isolated pregabalin poisoning so there was no sufficient data for
correlation analysis.

Discussion

The most significant finding of this study was the detection of an immense increase in pregabalin poisoning and abuse
cases in Serbia. A growing body of literature indicates an increasing global trend in the use/misuse/abuse and overdose
cases with gabapentinoid drugs.” '%'%'* The first signals of problematic use of pregabalin came from Sweden, Norway
and Finland in 2009, when it was reported as a new psychoactive substance to the European Monitoring Centre for Drugs
and Drug Addiction (EMCDDA) via Early warning system.'® Available literature data suggests that abuse and misuse are
more common among pregabalin users compared with gabapentin, which is in accordance with our results.'®'*%** In
most of the cases of our study, patients were admitted to the NPCC for acute poisoning involving pregabalin (95.5%),
whereas the number of cases related to gabapentin was much lower (4.5%). In addition, abuse was detected to a much
greater extent in the poisoning cases related to pregabalin compared with gabapentin.

The strong correlation between the increase in pregabalin poisonings and overall consumption rates in Serbia since
2012 (the first year in our observation period), are similar to findings from an Australian study, which showed a 10-fold
increase in pregabalin misuse-related events in the period between 2012 and 2017, which was strongly associated with an
increase in the national prescription rate of this drug.?' It is important to note that a study related to Middle East and
North African (MENA) countries found that most of the gabapentinoids abuse-related events, reported for this region,
were associated with pregabalin.”> Almost 20% of the patients in our study belonged to the migrant population, mostly
coming from MENA countries, and all of them were using pregabalin. Interestingly, in a report from France, most of the
patients who abused pregabalin were adolescents living in migrant shelters. In the same report, half of the patients who
co-ingested other drugs were found to be using clonazepam.”® In general, this combination was very common in our
study population, especially in abuse-related cases, nevertheless the highest frequency was observed in the subpopulation
of migrants who abused pregabalin.

The association between antiepileptic drug use and increased suicide risk remains conflicting.* Nevertheless, some
studies suggest that gabapentinoid use may be associated with an increased risk of suicide.”>?° It is interesting to note
that in our study, the majority of cases in the suicide-related events group were women. However, we did not have
enough data to analyze this phenomenon in more detail. Our results confirmed previous findings that younger men are
a vulnerable group for pregabalin abuse.?’ In most of the study cases, we could not identify the source of the drug.
However, some patients that abused pregabalin reported acquiring the drug on the black market, which is consistent with
data from the current literature and confirms that this phenomenon also occurs in our country.?*=

Oral ingestion is the main route of administration, although other routes are possible if pregabalin is abused
(intravenous injection, intranasal snorting, rectal administration etc).’® In one case in this study, a young male patient
(age 28 years) took 20 capsules of pregabalin (50 mg) and snorted the entire contents because he had previously
experienced that high doses of pregabalin improved his sexual function, which is consistent with some previously
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published case reports.’' >* Abuse of pregabalin is associated with administration of supra-therapeutic doses and more
likely in combination with other psychoactive substances such as benzodiazepines, opioids, and ethanol to enhance their
effects.'®'*?! We obtained the same results, although concomitant use of opioids and illicit substances (eg heroin,
amphetamines, cannabis, etc) was confirmed in a relatively small number of patients (Supplementary Table 1). This can

be explained by the fact that pregabalin concentration in NPCC is determined only at the request of the clinician, when it
is considered clinically relevant. Performing the analysis with this protocol risks underestimating the frequency of
pregabalin in acute poisonings. A study from England suggested that the number of deaths associated with gabapenti-
noids would be underestimated by more than 50% of cases, when the analysis was not included in laboratory toxicology
screening protocol.**

In general, pregabalin did not cause severe toxicity in isolated poisoning cases in our study. Coma was recorded in
25.5% of all cases but only in four patients ingesting pregabalin only. The product summary indicates sinus bradycardia
as a possible rare side effect and there are some published reports of adverse cardiac effects associated with pregabalin
use and overdose cases.*> >’ In our study, bradycardia was recorded in 9 cases, although most patients co-ingested drugs
that may have contributed to the slow heart rate (eg B-blockers, opioids, high doses of antidepressants). In one case,
a young patient with no history of cardiovascular diseases, presented with sinus bradycardia, after ingesting 750 mg of
pregabalin only. Although the possibility of seizures occurring in poisoning with pregabalin has been reported in the
literature, we could not associate them with pregabalin use in two patients from our study.

Concomitant ingestion of other psychoactive substances occurred more frequently and resulted in more severe
poisoning. In these cases, we found a positive correlation between ingested dose and pregabalin plasma concentration
with PSS score and length of hospital stay. Significantly higher doses of pregabalin were found in patients with coma,
bradycardia, and hypotension and in patients who developed pneumonia during hospitalization. Higher doses were also
involved in cases requiring more aggressive treatment such as administration of vasopressors, intubation, and mechanical
ventilation (Supplementary Table 2). At first glance this could imply pregabalin has a dose-dependent additive effect,

however more rigorous methodological approach is needed to make this claim.

Determination of pregabalin concentration is useful in making a diagnosis when the cause of poisoning is not known
or the amount of the ingested drug cannot be reported. Higher pregabalin plasma concentrations were found in patients
with more severe poisoning (Supplementary Table 2). Clinicians treating acutely poisoned patients should consider

pregabalin concentration in the context of the time elapsed between ingestion and hospitalization, and the relatively short
half-life of this drug. Together with the relatively small number of patients with analytical confirmation of pregabalin,
this may be the reason why we found a better correlation of dose than concentration with the severity of poisoning.

The therapeutic plasma range is 2—8 mg/L, but steady state plasma concentration were up to 14.2 mg/L in patients
maintained in daily dose of 600 mg.*® Several case reports of intentional poisoning with high pregabalin concentrations
have been published.**** In one patient in this study, we recorded the highest pregabalin concentration reported in the
literature to date — the pregabalin plasma concentration on admission was 76.16 mg/L. In cases of large ingestion and
extremely high plasma concentrations of pregabalin, extracorporeal methods of drug elimination might be considered
because of its pharmacokinetic properties.*’ Nevertheless, this patient recovered fully after treatment with supportive
measures only and was discharged from the NPCC clinic six days after admission.

Most of the study patients were treated only with symptomatic measures and the administration of intravenous fluids.
In cases where mechanical ventilation was required, all patients co-ingested opioids and/or benzodiazepines. In 2019, the
Food and Drug Administration (FDA) released a warning on gabapentinoids use and the risk of respiratory depression,
especially when combined with other CNS depressants or in patients with impaired lung function.**

Despite the fact that the abuse potential of gabapentinoids is well recognized to date, there are still differences
between countries when it comes to the legal status of these drugs. Pregabalin is classified as a Schedule V controlled
substance (ie substances with the lowest potential for abuse) at the federal level in the United States, whereas there is
debate about whether gabapentin should have the same status.** In the United Kingdom, both pregabalin and gabapentin
have been classified as Schedule C substances (ie the least harmful group of controlled drugs) since 2019.* The results
of a study from Saudi Arabia suggest that introduction of restriction measures on dispensing of pregabalin has led to
a decline in the increasing trend in the overall consumption. The authors stated that this change may help to reduce the
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risk of abuse.*> To date, pregabalin and gabapentin are prescription drugs in Serbia. Based on the results of our study and
the previous findings from literature, the authorities in Serbia should consider strengthening the regulatory measures for
the prescription and dispensing of pregabalin, especially for the population at high risk for drug abuse.

Strengths and Limitations of the Study
The strength of this study is the use and comparison of two data sources, yet there are some limitations. The most
important is the retrospective design, which has the potential for inaccuracies in data reporting and bias in risk
assessment. However, only trained NPCC staff enter data into the NPCC database after a prior review by a clinical
toxicologist. For the purpose of this study, all study cases were additionally reviewed by two experienced toxicologists.
For most of the cases we could not identify the source of drugs or indication when the drug was prescribed, since this
data were not collected systematically in medical records. The information on ingested dose was self-reported. Finally,
there is a possibility that the rates of pregabalin poisoning and abuse in Serbia are underestimated for several reasons. As
mentioned earlier, analytical confirmation of poisoning cases was done in a third of all study cases, and analysis was
performed when deemed necessary by the clinician. In addition, not all poisonings in Serbia are treated in NPCC,
however it is a reference facility for acute poisonings and our data may reflect the frequency of poisonings and drug
abuse in our country.

Conclusion

The results of our study show that the cases of poisoning and abuse of pregabalin are on the rise in Serbia. This coincided
with a steady increase in overall pregabalin consumption during the study period. Although there is no evidence of
widespread use, abuse and overdose of gabapentin in our country, caution and constant monitoring will be critical in the
future.

Isolated ingestions of pregabalin lead to minor poisonings, but in most cases other psychoactive substances were co-
ingested, resulting in more severe clinical manifestations in the poisoned patients. Clinicians and policy makers should be
aware of the risk, and caution should be exercised when prescribing pregabalin to patients at risk of abuse such as
socially disadvantaged populations and patients with a history of problematic substance use. Due to the growing
toxicological significance of gabapentinoids, analytical laboratories should consider including them in toxicological
screening protocols when feasible.

In addition to treating acute poisonings as the main task, the National Poison Control Centre in Belgrade will continue
to conduct toxicovigilance, in order to prevent and reduce the possible risk for the community and to undertake
appropriate and timely measures. Since data on the proportion of gabapentinoids in drug-related deaths are still not
available for Serbia, future studies should be conducted to obtain a comprehensive picture of the gabapentinoid abuse in
our country. Finally, this study did not aim to diminish the importance and role of gabapentinoids in clinical practice, but
to raise awareness of potential risks associated with the growing trend of use of these drugs.
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