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Abstract

Aim 

To evaluate the prevalence of potentially hepatoxic paracetamol ingestion and associated N-

acetylcysteine treatment in young children suspected of paracetamol poisoning. 

Methods

A retrospective cohort study of children aged 0-6 years suspected of paracetamol poisoning with a related 

plasma-paracetamol measurement in the Capital Region of Denmark in the period 2010-2017. Data from 

the clinical laboratory system were linked to data from electronic patient records via the unique 

identification number given to all Danish residents. 
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Results

Of 297 children included suspected single paracetamol overdoses were present in 281 (95%). Sixty-nine 

percent were treated with N-acetylcysteine, and the mean treatment period was 20.3 hours (SD 20.8).  A 

maximum of 6 (2%) of the children suspected of single overdose had plasma-paracetamol concentrations 

that exceeded the recommended treatment thresholds. No cases of severe hepatotoxicity were 

registered. Adverse events to N-acetylcysteine-treatment were registered in 3 (2%) children including one 

anaphylactoid reaction (0.5%). 

Conclusion

This study shows that initiating N-acetylcysteine as a “one size fit all” treatment regimen in all children 

aged 0-6 years with a suspected single paracetamol overdose leads to substantial overtreatment. The 

data supports that it is feasible to initiate N-acetylcysteine within 10 hours based on an early plasma-

paracetamol test. 

Key notes

In this multicentre retrospective cohort study of 297 children, 95% and 5% were suspected of acute and 

repeated paracetamol overdose, respectively. 

Primarily young children exposed to repeated supratherapeutic doses of paracetamol had a risk of 

hepatotoxicity based on plasma-paracetamol measurements. The results support a risk assessment in 

children aged 0-6 years suspected of acute paracetamol poisoning based on early plasma paracetamol 

before empirical N-acetylcysteine treatment is initiated. 
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List of abbreviations
NAC: N-acetylcysteine 

NAPQI: N-acetyl-p-benzoquinoneimine

ALT: alanine aminotransaminase

AST: aspartate aminotransaminase

LoD: Lower detection level
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Introduction
Paracetamol is the preferred antipyretic and mild analgesic in children and adults (1). Accordingly, 

suspected overdose of paracetamol is the main cause of poisoning-related referrals to paediatric 

emergency wards (2,3). A pattern of age-bimodality across the pediatric population has been observed, 

with a first peak in the early childhood (ages 2-5 years), followed by an increase from the age of 12 years. 

In children below 6 years of age, acute paracetamol poisoning is usually caused by accidental ingestion. 

Consequently, the amount of ingested paracetamol is most often uncertain, while the timeframe for the 

exposure is often known i.e. the time the child has been out of their caregivers´ attention (4). Repeated 

paracetamol overdose is commonly due to medication errors where parents unintentionally exceed the 

recommended dose (4–6). In adolescents and adults, paracetamol overdose is more likely to be 

intentional (4,7).

In overdose paracetamol potentially causes non-fatal or fatal hepatotoxicity, and repeated 

supratherapeutic paracetamol-exposure has been identified as the most common single cause of severe 

hepatoxicity in children (6). However, clinical or biochemical evidence of hepatotoxicity may not be 

apparent for up to 24 hours after acute paracetamol overdose(8). 

Treatment modalities include gastrointestinal decontamination and intravenous N-acetylcysteine (NAC). 

NAC is the preferred antidote for paracetamol poisoning due to its effectiveness in restoring and 

maintaining the glutathione supply necessary for inactivation of the toxic metabolite N-acetyl-p-

benzoquinoneimine (NAPQI) when administered within 10 hours after intake (9–16). To avoid fatal 

hepatotoxicity, the Danish Society for Gastroenterology and Hepatology and the Danish Pediatric Society 

recommend “empirical NAC -treatment” in case of suspected paracetamol ingestion, where a potentially 

toxic intake of paracetamol > 125 mg/kg cannot be excluded based on history (17,18). These 

recommendations are based on an uncertainty about paracetamol intake in young people suspected of 

paracetamol poisoning and a few case reports in adolescents and adults, where liver failure and even liver 

transplantations and death have been described despite plasma-paracetamol levels below 

150 μg/mL(19–21). However, the Danish approach is in contrast to most international treatment 

guidelines, where a risk assessment is performed based on an interpretation of early paracetamol 

concentrations relative to the time since ingestion in addition to the clinical history and presentation 

(11,13,14). Different treatment thresholds exist between other countries e.g. the UK has addressed an 

uncertainty about the risk of poisoning by setting a plasma-paracetamol 4-hours threshold of 100 μg/mL 

(0.6 mmol/L)(22) , while most other countries including the USA, Canada, Australia and New Zealand use a 

threshold of 150 μg/mL (1 mmol/L) (9,22).A
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The unique approach in Denmark where initiation of NAC-treatment is based on suspected (and not 

biochemically verified) overdoses alone, made it possible to investigate the clinical course of mild 

overdoses and adverse drug reactions to treatment. The objective of the study was to evaluate the 

prevalence of potentially hepatoxic paracetamol ingestion and associated N-acetylcysteine treatment in 

young children suspected of paracetamol poisoning. Furthermore, to evaluate the prevalence of 

hepatoxicity and adverse drug reactions to NAC-treatment.

Methods 

Design and setting

This was a retrospective cohort study of young children aged 0-6 years suspected of paracetamol 

poisoning with a related plasma-paracetamol measurement in the period 2010-2017. Children included 

were referred to one of the four paediatric treatment centres in the Capital Region of Denmark: 

Copenhagen University Hospital Hvidovre, Herlev, North Zealand and Rigshospitalet, of which 

Rigshospitalet is the only tertiary care center for liver transplantation in Denmark. The study was 

approved by the Danish Data Protection Agency (No. BFH-2016-058) and the Danish Patient Safety 

Authority (No. 3-3013-1884/1/). 

The data collection was performed at the Department of Clinical Pharmacology, Copenhagen and 

comprised patient demographics and detailed information about the suspected poisoning, treatments 

and treatment outcomes. Data from the clinical laboratory information system (LABKA) was linked to data 

from electronic patient records via the unique identification number given to all Danish residents.

Outcomes and measures  

Primary outcomes were the prevalence of potentially hepatoxic paracetamol ingestion defined as a 

plasma-paracetamol 4-hour thresholds of 100 μg/mL (0.6 mmol/L) and 150 μg/mL (1 mmol/L) (11). 

Additionally, the prevalence of hepatoxicity and adverse events to NAC-treatment measured by markers 

of liver injury: alanine aminotransaminase (ALT) and aspartate aminotransaminase (AST), coagulation 

factors II, VII, X, bilirubin, and alkaline phosphatase in addition to narratives in medical charts describing 

adverse events to NAC-treatment. Severe hepatotoxicity was defined as ALT values above 1,000 U/L.

For each patient demographics and baseline information on paracetamol ingestion were collected: date of 

birth, sex, and body weight (kg). Formulation ingested: tablet, mixture, suppository, or parenteral. Reason 

for exposure: accidental (play), unintentional overdose (medication error) at home or during 

hospitalization. Amount ingested and time period: paracetamol single dose ingested above 125 mg/kg A
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and repeated dose ingested above 90 mg/kg/day (yes/no); maximum paracetamol dose ingested (mg). 

Time from paracetamol ingestion to hospitalization (hours). NAC-treatment (yes/no), total NAC-treatment 

period (hours). 

Secondary outcomes: co-administration of other medicines. Total duration of repeated supratherapeutic 

paracetamol dose (days), decontamination and guidance: vomiting after paracetamol overdose, gastric 

aspiration, activated charcoal, NAC-treatment completed according to relevant guideline, contact to the 

Danish Poison Information Center (yes/no). 

Statistical analysis

Data are reported as total observations, percentages and medians with interquartile ranges or means 

with standard deviations as applicable.  The lower detection level (LoD) of plasma paracetamol was 

defined as 1.5 (0.001 mmol/L), 9 (0.06 mmol/L) or 15 (0.1 mmol/L) μg/mL, depending on the individual 

laboratory setting. The upper normal ALT limit was set to 51 U/L and 30 U/L for children < 1 year of age 

and 1-6 years of age, respectively. All available data were used for analyses performed with R version 

4.0.3 (23) 

Results

In total 297 children aged 0-6 years were included in the study. All had plasma paracetamol samples taken 

in relation to suspected poisoning with paracetamol. Suspected single and repeated supratherapeutic 

overdoses of paracetamol amounted 95% and 5% of the patients, respectively. Demographics and 

baseline characteristics for suspected single overdoses are presented in Table 1. 

In 97% of the cases of single overdose with paracetamol the cause was accidental ingestion, while the 

remaining 3% was caused by supratherapeutic administration. All cases of repeated supratherapeutic 

overdoses were unintentional overdose. Of these, 56% occurred at home and 44% during hospitalization. 

For single ingestions the formulations most frequently ingested were tablets (72%) and mixtures (26%). 

For repeated supratherapeutic overdoses the formulation most frequently ingested was mixtures (44%) 

followed by tablets (12%), suppositories (12%), and parenteral formulations (12%); in 20%, the 

formulation was not registered.

Estimated mean time from ingestion to hospitalization was 2.6 hours (SD 7.6). In 90% of admissions with 

single overdoses, the ingestions of paracetamol occurred less than 4 hours before admission to the 

hospital. Twenty-three percent had suspected co-ingestion of other medicines, primarily ibuprofen (15%).
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Laboratory results

Laboratory results for single and repeated supratherapeutic overdoses with paracetamol are illustrated in 

Table 2 and 3. Detectable plasma-paracetamol concentrations were found in 16 % of the children with a 

suspected single overdose in the first blood sample achieved after the child had arrived at the hospital. 

Only 1% of the children had a plasma-paracetamol above the 150 μg/mL treatment line in the Rumack-

Matthew nomogram, and 2% above the 100 μg/mL line, Figure 1. Most plasma-paracetamol 

concentrations were reported within 2 hours from blood sampling (supplementary material, Figure S1). 

None of the children with single overdose had plasma ALT values above 1,000 U/L in addition no 

consistent changes was observed in ALT during hospitalization (supplementary material, Figure S2). 

Fourteen percent of the children registered with repeated supratherapeutic paracetamol overdose had 

ALT > 1,000 U/L. 

Treatments

The treatments initiated are presented for suspected single overdoses with paracetamol in Table 4. 

Charcoal was administered to most children (78%), and gastric aspiration was attempted in one out of ten 

patients. Sixty-nine percent of the children received NAC-treatment, of which NAC-treatment was 

primarily initiated prior to plasma-paracetamol lab results (99%), and only initiated afterwards in few 

cases (1%). The mean duration of the NAC-treatment was 20.3 hours (SD 20.8). NAC treatment was 

predominantly initiated within 10 hours after ingestion of paracetamol, figure 2.

From a worst-case estimation, 52% of the children treated with NAC had an exposure equal to or above 

125 mg/kg, while 13% had a paracetamol exposure below 125 mg/kg, and exposure could not be 

estimated in 35% of the cases. In most cases (89%) NAC-treatment was completed according to the 

current treatment guideline. Refraining from NAC was primarily decided by the treating physician (65%) or 

due to advice from the Danish Poison Information Centre (28%). In total one out five patients were 

consulted with the Danish Poisons Information Centre. 

Treatment outcomes

No cases of mortality or severe hepatotoxicity defined as ALT > 1,000 U/L were observed. Adverse events 

to NAC-treatment were registered in 2% of the children including severe adverse events i.e. anaphylactoid 

reactions which occurred in 0.5% of the cases. 

DiscussionA
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The data set presented includes all children below 6 years of age (n=297) with plasma-paracetamol 

samples associated to suspected paracetamol overdose in the Capital Region of Denmark during the 

period 2010-2017. The prevalence of potentially hepatoxic paracetamol ingestion based on plasma-

paracetamol in young children suspected of paracetamol overdose was investigated. Furthermore, the 

prevalence of hepatoxicity and adverse events to NAC- treatment. 

In 97 % of the cases of suspected single dose paracetamol poisoning, the medication was accidently 

ingested, and 90 % of the ingestions occurred less than 4 hours before hospitalization. All repeated 

overdoses were unintentionally administration of supratherapeutic doses. Data from the present study 

thereby confirm findings from other studies(4).

Potentially hepatoxic paracetamol ingestion based on plasma paracetamol

In single overdoses, early paracetamol plasma levels were evaluated using the Rumack-Matthew 4-hour 

thresholds of 100 μg/mL  and 150 μg/mL (13,14,22). Only 1% and 2% of the children had plasma levels 

exceeding the two treatment thresholds, respectively, Figure 1. Thus, a maximum of six children met the 

criteria for NAC-treatment according to the nomogram. Nevertheless, most children received NAC-

treatment (69%), and several children were treated for many hours up to days (mean 20.3 hours).  

Furthermore, we found that 13% of the children treated with NAC had an estimated worst-case 

paracetamol-exposure below 125 mg/kg, which is a commonly used threshold for potential paracetamol 

poisoning internationally; a treatment threshold also used by the Danish Pediatric Society and the Danish 

Poisoning Information Centre. In addition, gastric aspiration was attempted and/or activated charcoal was 

administered on nasogastric tube in 10% of the patients. Activated charcoal has a minor role in 

paracetamol poisonings in this setting but should be used in suspected poisoning of co-ingestions e.g. 

cardioactive substances. Specifically, activated charcoal should never be forced into a child or 

administered through a nasogastric tube unless medically justified, as it may inflict unnecessary trauma 

on the child. This further supports the use of an early plasma-paracetamol measurement in the risk 

assessment of acute paracetamol poisoning, where an effective and well-tolerated antidote is available 

(24)  Gastric emptying and provoked vomiting (Table 4) should have no role in contemporary treatments 

of paracetamol overdoses.

The results of the present study are consistent with the findings of Nielsen et al. (18) who also reported 

excessive NAC-treatment in a Danish pediatric population below 6 years of age in the period 2001-2012.

The Rumack-Matthew nomogram is widely used internationally, and there are data to support that the 

use of the nomogram is safe in young children(14,18). The disadvantage of consistently waiting for a 4-

hour test result is a risk of delaying treatment, being aware that NAC-treatment should be initiated within 

8 hours from ingestion. However, we found that most test results were available within 2 hours from time A
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of blood sampling. In addition, that NAC treatment was initiated within 10 hours after paracetamol intake 

except in a few children, who were arrived late to the emergency ward, figure 2. These findings 

emphasize that in most cases, it is possible to start NAC treatment after measuring paracetamol 

concentrations within an appropriate time frame. Thus, initiation of NAC treatment in children aged 0-6 

years due to concern about delayed test results should not be accepted. However, laboratory service could 

be improved by setting a lower paracetamol detection limit, e.g. 0.01 mmol/l to make it possible to confirm 

or invalidate paracetamol intake in the part of children who are admitted later than 8 hours after intake.

 Discharge after a negative result (below the treatment threshold) of a ≥ 4-hour blood test will reduce the 

time of hospitalization to a few hours for most children.  The results of the present study therefore 

support the findings of Nielsen et al. suggesting that the current Danish treatment guideline is too 

aggressive regarding initiating empirical NAC-treatment in young children. 

Hepatoxicity and adverse events to N-acetylcysteine treatment

Only children with repeated overdoses were found to have ALT > 1,000 U/L even though they did not 

have markedly elevated paracetamol plasma concentrations registered at the time of hospitalization, 

Table 3. Thus, paracetamol plasma concentrations are of low value in the risk assessment of 

hepatotoxicity in repeated overdose, which is in accordance with the findings in previous studies(5,6). No 

cases of hepatotoxicity were registered in patients with single overdoses neither before nor during NAC-

treatment. In addition, no significant dynamic in ALAT values during NAC-treatment.

Adverse events to NAC-treatment were registered in 2% including one anaphylactoid reactions (0.5%). In 

a recently published study, a number of approx. 6% anaphylactoid reactions to NAC-treatment was 

reported in a Danish population of both children and adults(26). Consistent with our findings, an age 

below 10 years was found to be associated with significantly fewer anaphylactoid reactions (adjusted OR 

0.14 [95%CI: 0.04–0.36]). It should be noted that adverse drug reactions are known to be excessively 

underreported in the paediatric population, even during hospitalization. Thus, there is good reason to 

believe that it is primarily adverse drug reactions requiring medical treatment or close observation that 

have been reported(27). 

Strengths and limitations

A strength of the study is that all children with a plasma-paracetamol sample were included, in that 

plasma-paracetamol is measured in all children suspected of paracetamol poisoning as a part of the NAC-

treatment schedule. Thus, no children suspected of paracetamol induced hepatotoxicity are excluded, 

which could be the case, if children had been included based solely on a registered paracetamol poisoning 

diagnose. Due to the retrospective nature of the study, the number of standard treatments such as A
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charcoal administrations, use of nasogastric tubes and gastric aspiration, are most likely under-reported. 

In addition, NAC-treatment complications may not be reported in the patient files e.g. number of 

attempts to gain venous access or the cases in which the NAC erroneously has been infused 

subcutaneously. 

The extent of repeated supratherapeutic overdose is likely to be underreported. The parents most often 

buy paracetamol over the counter, and they may not be aware that they administer a dose that is too 

high. 

Plasma-paracetamol detection levels used at the four centres in the present study were not aligned, 

which is a limitation of the study.

Conclusion

This study shows that initiating N-acetylcysteine as a “one size fit all” treatment regimen in all children 

aged 0-6 years with a suspected single paracetamol overdose leads to substantial overtreatment. The 

data supports that it is feasible to initiate N-acetylcysteine within 10 hours based on an early plasma-

paracetamol test. 

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

References

1. Rashed AN, Wong ICK, Wilton L, Tomlin S, Neubert A. Drug Utilisation Patterns in Children Admitted 

to a Paediatric General Medical Ward in Five Countries. Drugs - Real World Outcomes 2015; 2:397–

410. 

2. Gummin DD et al. 2017 Annual Report of the American Association of Poison Control Centers’ 

National Poison Data System (NPDS): 35th Annual Report. Clin Toxicol Phila Pa. 2018; 56:1213–415. 

3. Franklin RL, Rodgers GB. Unintentional child poisonings treated in United States hospital emergency 

departments: national estimates of incident cases, population-based poisoning rates, and product 

involvement. Pediatrics 2008; 122:1244–51. 

4. Alander SW, Dowd MD, Bratton SL, Kearns GL. Pediatric Acetaminophen Overdose: Risk Factors 

Associated with Hepatocellular Injury. Arch Pediatr Adolesc Med. 2000; 154:346. 

5. Heubi JE, Barbacci MB, Zimmerman HJ. Therapeutic misadventures with acetaminophen: 

Hepatoxicity after multiple doses in children. J Pediatr. 1998; 132:22–7. 

6. Acheampong P, Thomas SHL. Determinants of hepatotoxicity after repeated supratherapeutic 

paracetamol ingestion: systematic review of reported cases. Br J Clin Pharmacol. 2016; 82:923–31. 

7. Yoon E, Babar A, Choudhary M, Kutner M, Pyrsopoulos N. Acetaminophen-Induced Hepatotoxicity: A 

Comprehensive Update. J Clin Transl Hepatol. 2016; 4:131–42. 

8. Daly FFS, Fountain JS, Murray L, Graudins A, Buckley NA, Panel of Australian and New Zealand 

clinical toxicologists. Guidelines for the management of paracetamol poisoning in Australia and New 

Zealand--explanation and elaboration. A consensus statement from clinical toxicologists consulting 

to the Australasian poison’s information centres. Med J Aust. 2008; 188:296–301. 

9. Chiew AL, Gluud C, Brok J, Buckley NA. Interventions for paracetamol (acetaminophen) overdose. 

Cochrane Database Syst Rev [Internet]. 2018; Available at: 

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003328.pub3/full

10. Prescott LF, Park J, Ballantyne A, Adriaenssens P, Proudfoot AT. Treatment of paracetamol 

(acetaminophen) poisoning with N-acetylcysteine. Lancet Lond Engl. 1977; 2:432–4. A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

11. Prescott LF, Illingworth RN, Critchley JA, Stewart MJ, Adam RD, Proudfoot AT. Intravenous N-

acetylcystine: the treatment of choice for paracetamol poisoning. Br Med J. 1979;2(6198):1097–100. 

12. Ferner RE, Dear JW, Bateman DN. Management of paracetamol poisoning. BMJ 2011; 342:2218. 

13. Rumack BH, Bateman DN. Acetaminophen and acetylcysteine dose and duration: Past, present and 

future. Clin Toxicol. 2012; 50:91–8. 

14. Rumack BH. Acetaminophen overdose in young children. Treatment and effects of alcohol and other 

additional ingestants in 417 cases. Am J Dis Child 1984;138(5):428–33. 

15. Clemmesen JO et al. Recommendations for treatment of paracetamol poisoning. Danish Medical 

Society, Study of the Liver. Ugeskr Laeger. 1996; 158:6892–5. 

16. Schmidt LE, Dalhoff K, Poulsen HE. Acute versus chronic alcohol consumption in acetaminophen-

induced hepatotoxicity. Hepatology. 2002; 35:876–82. 

17. Behandling_af_Paracetamol_forgiftning.pdf [Internet]. Available at: 

http://www.paediatri.dk/images/dokumenter/vejl_2013/Behandling_af_Paracetamol_forgiftning.p

df

18. Dan-Nielsen S et al. Retrospective study of paracetamol poisoning in children aged zero to six years 

found no cases of liver injury. Acta Paediatr 2018; 107:1775–80. 

19. Makin AJ, Wendon J, Williams R. A 7-year experience of severe acetaminophen-induced 

hepatotoxicity (1987-1993). Gastroenterology 1995; 109:1907–16. 

20. Read RB, Tredger JM, Williams R. Analysis of factors responsible for continuing mortality after 

paracetamol overdose. Hum Toxicol. 1986; 5:201–6. 

21. Beer C et al. Liver unit admission following paracetamol overdose with concentrations below current 

UK treatment thresholds. QJM Mon J Assoc Physicians 2007; 100:93–6. 

22. Bateman DN et al. Effect of the UK’s revised paracetamol poisoning management guidelines on 

admissions, adverse reactions and costs of treatment. Br J Clin Pharmacol. 2014; 78:610–8. 

23. R: The R Project for Statistical Computing [Internet]. Available at: https://www.r-project.org/A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

24. Rajka T, Heyerdahl F, Hovda KE, Stiksrud B, Jacobsen D. Acute child poisonings in Oslo: a 2-year 

prospective study. Acta Pædiatrica 2007; 96:1355–9. 

25. Hoegberg LCG, Angelo HR, Christophersen AB, Christensen HR. The Effect of Food and Ice Cream on 

the Adsorption Capacity of Paracetamol to High Surface Activated Charcoal: In vitro Studies. 

Pharmacol Toxicol. 2003; 93:233–7. 

26. Daoud A, Dalhoff KP, Christensen MB, Bøgevig S, Petersen TS. Two-bag intravenous N-

acetylcysteine, antihistamine pretreatment and high plasma paracetamol levels are associated with 

a lower incidence of anaphylactoid reactions to N-acetylcysteine. Clin Toxicol. 2020; 58:698–704. 

27. Dittrich ATM, Draaisma JMT, van Puijenbroek EP, Loo DMWM te. Analysis of Reporting Adverse Drug 

Reactions in Paediatric Patients in a University Hospital in the Netherlands. Paediatr Drugs. 2020; 

22:425–32. 

A
cc

ep
te

d 
A

rt
ic

le



 

 

 

Table 1. Demographic- and baseline characteristics for suspected single paracetamol poisoning 

IQR: interquartile range. * Estimate, - Confidentiality due to sparse data  

 

 

Age group 
N  

All 
 281  

<1 year 
 11 

≥1-2 years 
72      

≥2-3 years 
129       

≥3-4 years 
41     

≥4-6 years 
28    

Females (%) 113(40) 4(36) 28(39) 54(42) 14(34) 13 (46) 

Weight (Kg) 14.2(2.9) 8.4 (2.3) 12.2(1.5) 14.2(1.7) 15.5(1.6) 19.2(2.5) 

Paracetamol formulation   N (%) 
IV 
Mixture 
Tablet 
Suppository 
Information is missing 

 
  5 (2) 
72 (26) 
201 (72) 
<3 
<3   

 
- 
- 
6 (55) 
- 
- 

 
- 
8 (11) 
63 (88) 
- 
- 

 
- 
28 (22) 
99 (77) 
- 
- 

 
- 
21 (51) 
19 (46) 
- 
- 

 
- 
13 (46) 
14 (50) 
- 
- 

Co-ingestion   N (%) 
No 
Yes 
Co-ingestion of ibuprofen 
No 
Yes 

 
216 (77) 
65 (23) 
 
240 (85) 
41 (15) 

 
- 
- 
 
- 
- 

 
52 (72) 
20 (28) 
 
- 
- 

 
102 (79) 
27 (21) 
 
- 
- 

 
31 (76) 
10 (24) 
 
- 
-  

 
22 (79) 
  6 (21) 
 
- 
-   

Reason for paracetamol exposure   N (%) 
Accidental (play)* 
Unintentional overdose at home 
Unintentional overdose during hospitalization  

 
272 (97) 
   3 (1)  
   6 (2)  

 
- 
- 
- 

 
- 
- 
- 

 
- 
- 
- 

 
- 
- 
- 

 
- 
- 
- 

Maximum dose ingested > 125 mg/kg * N (%) 
Yes, max paracetamol dose > 125 mg/kg 
No, max paracetamol dose ≤ 125 mg/kg 
Unknown 

 
126 (45) 
55 (20) 
100 (36) 

 
- 
- 
- 

 
28 (39) 
12 (17) 
32 (44) 

 
57 (44) 
20 (16) 
52 (40) 

 
22 (54) 
7 (17) 
12 (29) 

 
15 (54) 
10 (36) 
3 (11) 

Maximum dose ingested*, mg median (IQR) 
Maximum dose ingested*, mg/kg median (IQR) 

2400 (1500;4000) 
160 (111;250) 

1000 (1000;1380) 
119.4 (105;151) 

2000 (1449;3700) 
164.6 (115;302) 

2400 (1849;4800) 
166.7 (121;267) 

2500 (2120;3700) 
160 (131;263) 

2400 (1800;4000) 
131.1 (77;228) 

Time from intake to admission*, hours N (%) 
0-1 
1-4 
4-8 
8-24 
>24 

 
131 (48) 
115 (42) 
14 (5) 
  7 (3) 
  5 (2) 

 
3 (33) 
4 (44) 
- 
- 
- 

 
31 (44) 
34 (49) 
3 (4) 
- 
- 

 
75 (59) 
45 (35) 
- 
- 
- 

 
17 (44) 
17 (44) 
- 
- 
- 

 
5 (19) 
15 (56) 
4 (15) 
- 
- 



 

 

 

 

Table 2. Laboratory results for suspected single paracetamol overdose  

ALT: Alanine aminotransaminase. LoD: Lower Detection Limit. * P- or P-ALT was not measured in the first blood sample after admission in all cases. 

 

 

 

 
 
 

 

 

 

 

 

 First sample* Any sample 

P-paracetamol, detectable   

Yes, p-paracetamol ≥ LoD N (%) 

No, p-paracetamol < LoD N (%) 

Total N = 264 
 
 

42 (16) 
 

222 (84) 

Total N = 281 
 
 

46 (16) 
 

235 (84) 

P-ALT, above the reference limit 

Yes, p-ALT ≥ upper reference limit N (%) 

No, p-ALT < upper reference limit N (%) 

Total N = 233 
 

 
4 (2) 

 
229 (84) 

Total N = 253 
 
 

4 (2) 
 

217 (98) 

Peak ALT 

Peak ALT (U/L) > 100 U/L N  

Peak ALT (U/L) > 150 U/L N  

Peak ALT (U/L) > 1000 U/L N  

Peak INR 

Peak INR > 2 N  

Total N = 233 

< 3  

< 3  

0  

Total N = 249 
 

0  

Total N = 253 

< 3  

<3   

0  

Total N = 262 
 

0  
 



 

 

 

 

Table 3.  Laboratory results for single paracetamol overdose and repeated supratherapeutic dose 

ALT: Alanine aminotransaminase; INR: International Normalized Ratio; IQR: Interquartile range 

 

 

 

 

 

 

 

Lab result Single overdose 
N= 282 

Repeated supratherapeutic dose 
N=15 

 First sample 
 

Maximum value  First sample  Maximum value  

P-paracetamol (µg/mL) median (IQR) N 0.2 (0.1;0.3), 42 0.2 (0.1;0.2), 46 0.1 (0.1;0.3), <3 0.2 (0.2;0.2), <3 

ALT (U/L) median (IQR) N 

Coagulation Factors II, VII, X (INR) median (IQR) N 

Bilirubin (µmol/l) median (IQR) N 

Alkaline Phosphatase (U/L) median (IQR) N  

19.8 (16;25.4), 233 

1.1 (1;1.2), 249 

3 (2.1;4.6), 239 

221 (185;253.5), 235 

21 (15.8;34.8), 253 

1.2 (1.1;1.5), 262 

6.4 (5.2;9.2), 253 

227.5 (177;256.2), 247 

20 (16.6;26), 14 

1.2 (1.1;1.3), 11 

3.4 (2.8;5.2), 10 

222 (188.5;255.2), 14 

23 (19;34.5), 15 

1.3 (1.2;1.6), 13 

232.5 (177;263), 15 

232.5 (177;263.8), 15 



 

 

 

 

 

Table 4. Decontamination characteristics in paediatric patients suspected of single paracetamol poisoning 

NAC: N-acetylcysteine 

 

 

 

 

Decontamination N (%) 

Vomiting   Total N = 281    
Yes, spontaneous 
Yes, provoked 
Yes, not specified 
No 

 
10(4) 
18 (6) 
9 (3) 

244 (87) 

Activated Charcoal   Total N=281    
Yes, orally 
Yes, nasogastric tube 
No 
Information missing 

 
188 (67) 
31 (11) 
51 (18) 
11 (4) 

Gastric aspiration   Total N= 281    
Yes  
No 
I 

 
27(10) 
253 (90 

NAC IV    Total N=281    
Yes 
No 

 
194(69) 
87(31) 

NAC IV completed according to relevant guideline   Total N=193    
Yes 
No 

 
172 (89) 
21(11) 

Reason for NAC not prescribed or administered   Total N=88    
Physician’s decision 
Advice from the Danish Poison Information Centre 
Other 

 
57(65) 
25(28) 
6 (7) 

Adverse event to NAC IV treatment   Total N=193    
Yes 
No 

 
4 (2) 

189 (98) 

Advice from the National Poisons Information Centre   Total N=281    
Yes, NAC IV recommended 
Yes, paracetamol plasma concentration prior to NAC IV recommended  
Yes, treatment or lab test was not recommended 
No 
Information missing 

 
17 (6) 

32 (11) 
8 (3) 

217 (77) 
7 (3) 

NAC treatment period (May 2013 represents guideline change) Mean (SD) 

Total NAC treatment, hours (until May 2013)   Total N=107   
Total NAC treatment, hours (after May 2013)   Total N= 86    

25.4 (14.3) 
20.3 (20.8) 
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Figure Legends

Figure 1. Plasma paracetamol measured the in first blood sample achieved after the child had arrived at the acute 

ward. In case hours from intake was not known with certainty, the mean value was calculated based on the time 

interval specified. Of notice: three different laboratory values of LoD, 1.5 (0.001 mmol/L), 9 (0.06 mmol/L) or 15 

μg/mL (0.01 mmol/L) are used, depending on the individual laboratory. The red lines represent Rumack-Matthew 

nomogram 4-hour thresholds of 100 μg/mL (0.6) and 150 (1 mmol/L) μg/mL. LoD= lower detection level.

Figure 2.  Proportion of patients, who had plasma paracetamol measured, and N-acetylcysteine initiated in relation 

to time (hours) from intake. 
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