Database evaluation of paracetamol levels in a toxicology laboratory in Toruń, Poland, 2018-2022
Aleksandra Maria Meger1, Urszula Korbal (ORCID 0000000302474202)1, Joanna Ledwolorz1, Agnieszka Ewa Szymańska1, Paweł Tomasz Korbal2
1Wojewódzki Szpital Zespolony im. Ludwika Rydygiera w Toruniu, Zakład Diagnostyki Laboratoryjnej, Pracownia Toksykologii
2Praktyka Lekarska Paweł Korbal, Bydgoszcz
aleksandrameger95@gmail.com
Abstract
Paracetamol is a commonly used and easily accessible drug with antipyretic and analgesic properties. Its overdose leads to severe liver failure. In diagnostic procedures, an important role is played by the determination of paracetamol concentration in the blood, which not only confirms poisoning, but also helps with assessing the risk of hepatotoxicity. The aim of this study was a statistical analysis of paracetamol concentration tests performed in Toxicology Laboratory of Wojewódzki Szpital Zespolony in Toruń over the period of 2018-2022. The blood serum of patients suspected of poisoning was tested using immunoassay method. The study proved an upward trend in the number of paracetamol concentration tests performed. It was observed that the highest percentage of patients were female and the largest group in terms of age were people ranging from 15 to 30 years old. In the analysed material, the concentrations of the drug most often reached toxic levels.
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Introduction

Paracetamol is one of the most popular and most frequently used painkillers and antipyretics in the world. It is a drug of choice for people who cannot be treated using nonsteroidal anti-inflammatory drugs (NSAIDs), e.g., in cases of bronchial asthma, peptic ulcer disease, haemophilia, children under the age of 12 and pregnant or breastfeeding women. It is also relied upon in cases of allergy to salicylates. In Poland, paracetamol can be obtained without prescription as a single or multicomponent therapeutic [1].
	This compound was first synthesized in 1878 by Harmon Northrop Morse, who reduced p-nitrophenol using tin in glacial acetic acid. However, the substance became widely used as a medicine after the researcher had passed away. The product was first sold in 1955 by McNeil Laboratories as a pain reliever and antipyretic for children. Tablets of 500 mg Paracetamol were introduced for sale in the UK in 1956 and were initially available only by prescription, serving as painkillers and antipyretics. Unlike other painkillers, which contained aspirin, paracetamol did not irritate the stomach [2].
	Despite the popularity of the drug, the mechanism of paracetamol’s effect on pain and fever is still a matter of debate. Unlike NSAIDs, paracetamol does not have a prominent anti-inflammatory activity and does not inhabit the blood clotting process. The effect of the drug comes from the activation of descending serotonergic pathways. It seems reasonable to assume that although the in vivo effect is similar to that of selective cyclooexygenase-2 (COX-2) inhibitors, it is different from the one observed with NSAIDs. Paracetamol also inhibits prostaglandin synthesis in the central nervous system [3, 4].
	Paracetamol is mainly metabolized in the liver. Phase I reactions can occur through oxidation, reduction and hydrolysis. This produces polar drug metabolites. Phase II reactions, known as conjugation reactions (e.g., with glucuronic acid or sulfate), are usually detoxification reactions and involve interactions between the polar form of the phase I metabolite groups and conjugation groups. The end products, which are inactive and non-toxic, are ultimately excreted by the kidneys. The oxidative reactions typically involve cytochrome P450, nicotinamide adenine dinucleotide phosphate oxidase (NADPH) and oxygen. This leads to the formation of a toxic metabolite – N-acetyl-p-benzoquinone imine (NAPQI), which is primarily responsible for the hepatotoxicity of paracetamol [5].
	The first paracetamol poisoning was reported in 1966. Within 10 years antidotes were developed and by 1980 acetylcysteine (NAC) was considered an optimal antidote for use in the treatment of poisonings. In the 40 years since paracetamol was introduced to the market, paracetamol poisoning has become a common cause of emergency hospitalization. The toxic effects of paracetamol are observed in many scenarios: after a single excessive ingestion, as an intentional suicidal effect, after accidental ingestion (usually by a child) or, rarely, by intentional administration by a third party. Paracetamol poisoning can also occur through repeated excessive consumption in an attempt to control medical ailments such as toothache [6]. In Europe, North America and Australia Paracetamol remains the leading pharmaceutical cause of overdose poisoning. It is a relatively common health problem and the most frequent contributor to acute liver failure in many European countries and in the United States. The broad availability of paracetamol has made it one of the most widely taken drugs [7,8].
The aim of the study
The aim of the study was to statistically analyse the results of toxicological tests on the concentration of paracetamol in the blood samples of patients diagnosed and treated in the hospital wards in Kuyavian-Pomeranian Voivodeship in 2018-2022. The analysis also included cases in which the ethanol concertation was determined at the same time.

Material and methods
The analysis focused on 362 paracetamol concentration results. The calculations were based on the results from samples taken 4 hours after the administration of the drug. The paracetamol concentration was determined using Thermo Scientific™ Indiko Plus immunological analyzer and a dedicated set of DRI Acetaminophen Serum Toxicology Assay reagents (method measurement range 2,5 µg/ml - 200 µg/ml), the results of ethyl alcohol concentration were obtained with headspace gas chromatography Shimadzu GC2010 Plus and HS-20. The tests were carried out in the Toxicology Laboratory of the Department of Laboratory Diagnostics of the Szpital Zespolony im. L. Rydygiera in Toruń, Poland (ZDL WSzZ in Toruń). The material used for assessing the paracetamol concentration was blood serum. The ethanol content was measured with whole blood collected in test tubes containing lithium heparin. The data on the age and gender of patients came from the hospital’s IT system and from the information included in the referrals for the toxicological tests. MS Excel program was used for calculations.
Results 
	The acquired results were presented in the form of charts and tables divided into individual years and months.
2018-2022
Over the last 2 years, there has been an significant upward trend in the number of paracetamol concentration tests – in this period of time, most of them were performed in 2022 and least – in 2018 (fig. 1). A division into individual months was also made – it was noted that July was the month in which the fewest tests were made (fig. 2). The suspicion of paracetamol poisoning occurred in 70% of women (253 tests) and 30% of men (109 tests) (fig 3.). The results were divided into the following age groups: 0-14 years old, 15-30 years old, 31-65 years old and over the age of 65. The largest number of tests, 176, were performed on patients in the 15-30 age group. When it came to the patients over 65, only 9 paracetamol concentration tests were carried out (fig. 4). Several ranges were distinguished considering the results in terms of acquired concentrations of paracetamol: 5 µg/ml – 113 tests, 5-20 µg/ml - 74 tests, 20- 100  µg/ml - 125 tests and >100 µg/ml - 52 tests (fig. 5). The number of simultaneously ordered tests for the concentration of paracetamol and ethyl alcohol in the blood of patients suspected of poisoning was also analysed. Amongst the 84 tests ordered for these two parameters, positive results were obtained in 11 cases (paracetamol >2,5 µg/ml and ethanol  >0,2 g/l) (tab. 1). 

Figure 1 Number of paracetamol concentration evaluations in Toxicology Laboratory of ZDL WSzZ in Toruń from 2018 to 2022.

Figure 2 Number of paracetamol concentration evaluations in Toxicology Laboratory of ZDL WSzZ in Toruń from 2018 to 2022 divided into individual months.

Figure 3 Percentage of the number of paracetamol concentration evaluation in the Toxicology Laboratory of ZDL WSzZ in Toruń from 2018 to 2022 divided by gender.
  
Figure 4  Percentage of the number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń from 2018 to 2022 divided into individual age groups

Figure 5 Percentage of the number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń from 2018 to 2022 divided into obtained concentrations
	              
           Year

Test
	
2018
	
2019
	
2020
	
2021
	
2022
	
TOTAL

	Paracetamol + Ethanol (in all)
	
7
	
12
	
11
	
17
	
37
	
84

	Paracetamol >5 µg/ml + Ethanol > 0,2 g/l
	
1
	
1
	
0
	
2
	
7
	
11



Table 1 Number of simultaneously ordered determinations of paracetamol and ethyl alcohol concentrations in the Toxicology Laboratory of ZDL WSzZ in Toruń from 2018 to 2022.

2018
In 2018, there was an increase in the number of performed paracetamol concentration analyses in the fourth quarter of the year (fig. 6). However, it is worth noting that no tests were carried out in July that year. Women accounted for 65% (24 tests) and men for 35% (13 tests) of all analyses of this parameter conducted that year. In the age groups of 0-14 and 15-30, 14 tests were performed and in the 31-65 age group – 9 tests. No tests were performed in the age group of >65 years old that year. Analysing the results in terms of the obtained concentrations, the following numbers were found: <5 µg/ml -13 tests, 5-20 µg/ml - 9 tests, 20-100 µg/ml - 10 tests and >100 µg/ml - 5 tests (Fig. 9). 

Figure 6  Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2018 divided into individual months


Figure 7 Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2018 divided by gender


Figure 8 Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2018 divided into individual age groups

Figure 9 Number of paracetamol concentration evaluations in Toxicology Laboratory of ZDL WSzZ in Toruń in 2018 divided into obtained concentrations
2019
In 2019, a downward trend in the number of determinations was observed in the first quarter (fig. 10). Similarly to the year before, paracetamol tests in women accounted for 68% (39 tests) and in men for 32% (18 tests) of all analyses of this parameter (fig. 11). Most tests were performed in the age group of 15-30 (27 tests) and the fewest were conducted on patients over 65 years of age (2 tests) (fig. 12). The following results were obtained when analysing the results in terms of the obtained concentrations: <5 µg/ml - 16 tests, 5-20 µg/ml - 12 tests, 20- 100 µg/ml - 22 tests, over 100 µg/ml - 7 tests (fig. 13).

Figure 10  Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2019 divided into individual months

Figure 11 Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2019 divided by gender

Figure 12  Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2019 divided into individual age groups

Figure 13 Number of paracetamol concentration evaluations in Toxicology Laboratory of ZDL WSzZ in Toruń in 2019 divided into obtained concentrations

2020
In 2020, most paracetamol concentration evaluations were made in September and December, while none were made in August (fig. 14). Similarly to previous years, paracetamol tests in women accounted for 63% (31 determinations) and in men for 37% (18 determinations) of all analyses of this parameter (fig. 15). It was found that: 14 tests were performed in the 0-14 age group, 23 in the 15-30 age group, 11 in 31-65 age group and the fewest tests in patients over 65 years of age – 1 test (fig. 16). The ranges of obtained paracetamol concentrations were as follows: <5 µg/ml - 17 tests, 5-20 µg/ml - 9 tests, 20-100 µg/ml - 20 tests and over 100  µg/ml  - 5 tests (Fig. 17).

Figure 14 Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2020 divided into individual months

Figure 15 Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2020 divided by gender

Figure 16 Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2020 divided into individual age groups

Figure 17  Number of paracetamol concentration evaluations in Toxicology Laboratory of ZDL WSzZ in Toruń in 2020 divided into obtained concentrations
2021
In 2021, most paracetamol concentration tests were made in October (fig. 18). As in previous years, the vast majority of paracetamol tests were performed on women – 77% (63 tests).  Analyses conducted on men accounted for 23% (19 tests) (fig. 19).  Examining the results in various age groups, it was found that: in the 0-14 age group, 25 tests were performed, 15-30 age group – 47 tests, 31-65 age group – 7 tests, and the lowest number of tests were done on patients over 65 years of age – 3 tests (fig. 20). The following results were acquired when analysing the results in terms of the obtained concentrations of the drug: <5 µg/ml - 20 tests, 5- 20 µg/ml - 17 tests, 21-100 µg/ml - 26 tests, over 100 µg/ml - 19 tests (fig. 21).








Figure 18 Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2021 divided into individual months


Figure 19 Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2021 divided by gender


Figure 20  Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2021 divided into individual age groups

Figure 21 Number of paracetamol concentration evaluations in Toxicology Laboratory of ZDL WSzZ in Toruń in 2021 divided into obtained concentrations

2022
In 2022, most paracetamol concentration analyses were performed in March and October (fig 22).  The percentage of women among the patients tested was 70% (96 tests), while men accounted for 30% (41 tests) (fig. 23). When it comes to the age groups, the following results were as found: 0-14 age group – 37 tests, 15-30 age group – 65 tests, 31-65 age group – 32 tests, the lowest number of tests were performed on patients over 65 years of age – 3 tests (fig. 24). The following results were obtained when analysing the results in terms of the obtained concentrations of the drug: <5 µg/ml - 47 tests, 5-20 µg/ml - 27 tests, 21-100 µg/ml - 47 tests, over 100 µg/ml - 16 tests (Fig. 25).


Figure 22 Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2022 divided into individual months

Figure 23 Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2022 divided by gender

Figure 24 Number of paracetamol concentration evaluations in the Toxicology Laboratory of ZDL WSzZ in Toruń in 2022 divided into individual age groups

Figure 25 Number of paracetamol concentration evaluations in Toxicology Laboratory of ZDL WSzZ in Toruń in 2022 divided into obtained concentrations
Discussion
An assessment of paracetamol concentration is an important diagnostic phase when poisoning is suspected, as it precedes the implementation of an appropriate treatment. This is due to the correlation between the drug concentration in the blood and a requirement to use a specific antidote – acetylcysteine. It is also possible to predict toxicity based on the concentration of the drug in the blood [9]. It should be remembered that in case of poisoning, lack of or delay in acetylcysteine administration most often leads to liver damage. It is believed that paracetamol is completely absorbed into the body after 4 hours, therefore, it is recommended to collect blood for testing within the aforementioned timespan, which is particularly important when assessing the toxicity. By being aware of the concentration of paracetamol in the blood and the time that has passed since its administration, a clinician is able to determine the degree of exposure to liver damage and decide on the use of the antidote with the help of the Rumack-Matthew nomogram. If there is no information provided about the potential time of ingestion, the test sample is collected promptly after a patient’s admission to the hospital. The nomogram is not applicable in this case.
	Additionally, the Rumack-Matthew nomogram divides patients into separate risk groups after acetaminophen overdose. The decision to implement treatment is therefore most often based on the classification into the initial risk group. However, there are studies indicating the possibility of changing the interpretation of the results in relation to the nomogram during a series of tests performed on the poisoned patient (line-crossing). This phenomenon is poorly understood and one of its potential causes may be delayed elimination due to an already existing liver damage. In the context of these reports and the frequent difficulties in descerning the amount of time since intoxication, recommendations call for a series of paracetamol concentration tests until an individual risk of liver damage is clearly determined [10]. 
	Non-specific symptoms in the early stages of poisoning contribute to difficulties in formulating a diagnosis and delaying the treatment implementation. In his study on paracetamol toxicity, Scott J. Saccomano emphasizes the importance of performing key laboratory tests at every stage of poisoning. In addition to assessing the drug concentration in patients’ blood, attention should be paid to the basic parameters of liver function (alanine and aspartate aminotransferase concentrations and total bilirubin levels), biochemical parameters (electrolytes, creatinine, blood urea nitrogen content) and the level of amylase in the serum. Moreover, it is recommended to perform complete blood count and to assess coagulation parameters [11].
	There are many reports that paracetamol hepatotoxicity is increased in people chronically abusing ethyl alcohol. Not only are these individuals at an increased risk of severe and fatal liver damage following acute overdose, but they may also experience serious liver problems associated with the use of the drug at therapeutic concentration levels. Chronic ethanol administration has been proven to induce microsomal enzymes in animals, which, as expected, increased the metabolic activation and the hepatotoxicity of paracetamol. In these circumstances, it is reasonable to suspect that a similar increase of toxicity can occur in case of alcoholics. Such relationship was suggested in a Prescott’s study, in which the outcomes of severe paracetamol poisonings in potentially addicted patients were worse than in similar patients from the control group [12]. It has also been shown that simultaneous short-term consumption of ethyl alcohol and standard doses of paracetamol may contribute to an increased risk of toxic liver damage [8]. However, it should be remembered that the effect of alcohol depends on the order in which the aforementioned substances are taken. Based on scientific experience, it has been concluded that ethanol could have a protective effect on hepatocytes when consumed in large amounts and taken after paracetamol, although this depends on the doses and the time between the intakes of both substances [13]. This study shows that in 11 cases out of 84, the ethanol concentration was above 0,2 g/l, however, there is no data on the order in which these xenobiotics were taken. It is important to make the public aware of the risk of simultaneous use of ethanol and paracetamol and the ingestion of paracetamol after alcohol consumption. It is no less important to spread knowledge about the composition of individual OTC drugs, most often containing the same active substance under different trade names, as wide access to them combined with lack of awareness on the subject contribute to the occurrence of a large number of overdose cases. This long-lasting trend is indicated by the researchers from Pomerania and Lesser Poland [14, 15]. This is also indicated by the results obtained in this study. From 2018 to 2022, as many as 125 out of 365 tests entered within the range of concentration values that were considered toxic (20-100 µg/ml). However, 113 tests fell below the lowest value of the method’s measurement range, therefore, below the reference values. It is worth emphasizing that women were most often suspected of paracetamol poisoning – they accounted for 70% of all patients tested for paracetamol concentration. Similar results were obtained in the hospitalized patients from Pomeranian Toxicology Center [14], in which case the percentage of poisonings was also higher in women. The obtained results regarding the gender of patients are also reflected in the analyses of researchers from other countries [16, 17, 18]. However, considering the results in terms of the patients’ age, it should be noted that the vast majority of them were between 15 and 30 years old. The second largest age group were children up to 14 years of age. This confirms the trend of paracetamol usage by children and adolescents, observed over recent years not only in Poland, but also worldwide [18, 19]. In both groups, the number of tests carried out for paracetamol concentration has increased significantly over the last two analysed years. It should be noted that the only decrease on number of evaluation (when compared to previous year) took place in 2020. This situation was presumably due to limited access to medical services during COVID-19 pandemic time. The suspected paracetamol poisoning was most often observed in the spring and autumn seasons, which is most likely related to the occurrence of various infections in Poland over the course of these months. 
Conclusions
1. From 2018 to 2022, there was an increase in the number of paracetamol concentration evaluations in patients hospitalized in Kuyavian-Pomeranian Voivodeship.
2. The highest percentage of patients suspected of paracetamol poisoning were women.
3. Paracetamol analyses were most often performed on people aged 15-30.
4. The obtained paracetamol concentrations were most often within toxic levels. 
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[PROCENTOWE]
(253)
[PROCENTOWE]
(109)

♀	♂	253	109	

Ilość oznaczeń	
0-14 	15-30 	31-65 	>	65 	108	176	69	9	AGE GROUPS [years]


Number of tests



Ilość wyników w przedziale	<	5 µg/ml	5-20 µg/ml	20-100 µg/ml	>	100 µg/ml	113	74	125	52	concentration range


number of tests



Ilość	I	II	III	IV	V	VI	VII	VIII	IX	X	XI	XII	1	2	3	2	2	2	0	2	8	4	8	4	Months
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[PROCENTOWE] (24)
[PROCENTOWE]
(13)

♀	♂	24	13	
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♀	♂	31	18	

Ilość oznaczeń	
0-14 	15-30 	31-65 	>	65 	14	23	11	1	age groups [years]


number of tests



Ilość wyników w przedziale	
<	5 µg/ml	5-20 µg/ml	20-100 µg/ml	>	100 µg/ml	17	9	20	5	concentration ranges


Number of tests



Ilość	I	II	III	IV	V	VI	VII	VIII	IX	X	XI	XII	8	4	6	8	6	8	5	9	4	13	6	5	Months


Number of tests



[PROCENTOWE] (63)
[PROCENTOWE] (19)

♀	♂	63	19	

Ilość oznaczeń	
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number of tests
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Number of tests
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 Number of tests
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