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Abstract

Context: Acetaminophen is an easily available and frequently abused 
over-the-counter drug both in the western world and India. It is one of 
the commonest cause of medication-related poisoning in the world. The 
spectrum of hepatotoxicity associated with Acetaminophen can extend from 
a mild liver disease to fulminant hepatic failure requiring transplant. The 
toxic component N-Acetyl-p-benzoquinone imine (NAPQI) causes centri-
lobular hepatic necrosis. This study aims to find the predictor of duration 
of hospital stay in acute acetaminophen overdose. Aim: The study aims to 
find correlation between the amount of ingested Acetaminophen and initial 
International Normalized Ratio (INR) and the latter with duration of hospital 
stay among patients visiting the Emergency Medicine department (ED) with a 
single deliberate ingestion of Acetaminophen. Materials and Methods: Settings 
and Design: This is a retrospective, observational study done among patients 
presenting to the emergency medicine department in a tertiary care centre in 
South India with acute single deliberate ingestion of Acetaminophen. Study 
population belonged to 15-45 years age group. The period of study was during 
the years 2016-2019. Subjects and Methods: Baseline demographics and clinical 
characteristics were noted. Correlation between ingested Acetaminophen 
and initial INR within 24 hours of ingestion and between initial INR and 
duration of hospital stay was analyzed with scatter plot. Statistical Analysis 
used: Statistical analysis was done using IBM SPSS version 23.0 (SPSS Inc., 
Chicago, USA). The categorical variables are represented as percentages and 
continuous variables are represented as mean ± standard deviation (SD). To 
test the statistical significance of association of categorical variables, Pearson 
correlation coefficient (r) was used. A p-value of <0.05 was considered as 
statistically significant. Results: The present study included 52 patients who 
deliberately ingested acetaminophen, with 13 males (25%) and 39 females 
(75%) and mean age of 23.67 ± 6.9 years. History of previous psychiatric 
illness was noted in 23.1% patients. Gastric lavage and activated charcoal 
was done in 36 (69.2%) and 13 (25%) patients respectively. Ingested amount 
of Acetaminophen had statistically significant correlation with initial INR 
with a p-value of 0.004. It was also noticed that the initial INR value and 
duration of hospital stay had a statistically significant correlation with 
P-value of <0.001. Conclusion: The study concludes that there is correlation 
between the dose of Acetaminophen ingested and INR. INR value also had 
positive correlation with duration of hospital stay.
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Introduction

Background/Rationale
Paracetamol; Abenol; Apo-Acetaminophen; Atasol; 
Novo-Gesic; Pediatrix; Tempra; Tylenol are some 
of the available combinations of acetaminophen.

Therapeutic dose of Acetaminophen is 4g a day.1 

Repeated therapeutic doses can be hepatotoxic. 
Acetaminophen is one of the commonest cause of 
drug-induced liver injury (DILI),2 and is the most 
common cause of acute liver failure (ALF) in United 
States – in 50 percent of all reported cases and 
approximately 20 percent required liver transplant.3

Acetaminophen remains a major cause of 
overdose-related liver failure.7 If overdose is 
identi ed early mortality rates can be reduced. 
However, once patient develops acute liver failure, 
one third of patients require liver transplantation 
there is 28 percent risk for mortality.8

Acetaminophen is absorbed from the 
gastrointestinal tract (duodenum).4 Serum 
acetaminophen concentrations peak between one-
half and two hours after an oral therapeutic dose.5 

Peak serum concentrations are reached within 
four hours after overdose of immediate-release 
preparations, but may be delayed beyond four 
hours if coingested with opiates, anticholinergic 
agents.6 10 to 20 mcg/mL (65 to 130 micromol/L) 
is the therapeutic serum concentration of 
Acetaminophen.

Elimination half-lives range from two to four 
hours for most acetaminophen preparations, but 
the elimination phase may be delayed in extended-
release preparations due to prolonged tablet 
dissolution and absorption.7,8

Metabolism of acetaminophen occurs within the 
hepatic microsomes. At therapeutic doses, 90% of 
acetaminophen is metabolized in the liver to sulfate 
and glucuronide conjugates via sulfotransferase 
(SULT) and UDP-glucuronosyl transferases (UGT) 
and these conjugated metabolites are then excreted 
through urine.20 The remaining acetaminophen 
is metabolized via oxidation by the hepatic 
cytochrome P450 into a toxic intermediate N-acetyl-
p-benzoquinoneimine (NAPQI).10-14 

NAPQI arylates and binds covalently to the 
cysteine groups on hepatic macromolecules like 
mitochondrial proteins, forming NAPQI-protein 
adducts when the hepatic glutathione stores 
depletes more than 70-80 percent.29-31 This process 
is irreversible. The formation of these adducts 

leads to oxidative hepatocyte injury, alteration 
of the mitochondrial ATP-synthase α-subunit, 
and hepatocellular necrosis.15-17 Toxic free 
radicals (e.g., peroxynitrite) form nitro-tyrosine 
adducts within the mitochondria.13,14 Injury to the 
mitochondrial DNA and ATP-synthase causes 
cessation of ATP synthesis. Lipid peroxidation and 
membrane injury play a role in the progression 
of hepatocellular injury.12 Along with the release 
of cytokines, apoptosis-inducing factor (AIF), 
endonuclease G (EndoG), and reactive nitrogen 
and oxygen species from damaged mitochondria 
causes hepatic injury. Cytokine and cellular content 
release from hepatocytes may initiate a secondary 
in ammatory response from Kupffer cells and 
other in ammatory cells, extending the zone of 
hepatic injury.18-21 Serum protein adducts, markers 
of toxicity, have been detected as early as one hour 
after acetaminophen treatment.9

Chronic acetaminophen poisoning is 
also characterized by markedly elevated 
aminotransferases (>3000 IU/L), combined 
with hypovolemia, jaundice, coagulopathy, 
hypoglycemia, and acute renal failure in greater 
than 50 percent of these patients. The initial 
manifestations of acetaminophen poisoning are 
often mild and nonspeci c, and do not reliably 
predict hepatotoxicity.

Severe overdose can result in liver failure. 
Thus, measurement of the serum acetaminophen 
concentration after 4 hours of ingestion is critical 
whenever overdose is suspected to initiate on 
N-acetyl cysteine. If the ingestion was more than 
four hours from the time of presentation, it should 
be drawn immediately. The Acetaminophen 
level should be plotted according to the modi ed 
Rumack-Matthew normogram to determine the 
need for NAC therapy.

Acute liver failure refers to the development of 
severe acute hepatic injury with encephalopathy 
and impaired synthetic function (INR of ≥1.5) 
in a patient without preexisting liver disease or 
cirrhosis.2 1

Existing literature recommends that 
acetaminophen-induced liver injury is acute in 
onset, progresses rapidly, is characterized by 
marked elevation of plasma aminotransferases 
(often >3000 IU/L), and is associated with a rising 
prothrombin time/international normalized ratio. 
This study aims to  nd a single predictor of length 
hospital stay at the time of presentation of patients 
with Acetaminophen overdose.
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Objectives

The primary objective of the study is  nd correlation 
between the amount of ingested Acetaminophen 
and initial International Normalized Ratio (INR). 
The secondary objective is to correlate the initial 
International Normalized Ratio (INR) with the 
duration of hospital stay.

Materials and Methods

Study design
A retrospective observational study done amoung 
patients coming to the Emergency Medicine 
Department of acute single deliberate ingestion of 
Acetaminophen. The study was approved by the 
hospital ethics committee (Institutional Review 
Board).

Setting

The study duration was between January 2016 
and December 2019 in the Emergency Medicine 
department and Emergency Intensive Care Unit 
(ICU) of a South Indian Medical College Hospital 
with an annual emergency department patient load 
of around 50,000.

Participants

Patients with acute single ingestion of actaminophen 
in the age group 15 to 45 years admitted in the 
emergency medicine department regardless of the 
gender, hemodynamic status were included in the 
study.

Exclusion criteria: Coingestion of other toxins, 
presentation after 24 hours of Acetaminophen 
ingestion were excluded.

Variables

Quantitative variables–Ingested dose of 
Acetaminophen measured in Gram, International 
Normalised Ratio (INR), duration of hospital stay 
measured in days.

Study size: Out of the 78 subjects, 26 were excluded 
(7 were aged less than 5 years; 13 had coingestion; 
6 presented after 24 hours of ingestion) giving a net 
sample size of 52.

Quantitative variables: Ingested dose of 
Acetaminophen measured in Gram, International 
Normalized Ratio (INR), duration of hospital stay 
measured in days.

Statistical methods: Statistical analysis was done 
using IBM SPSS version 23.0 (SPSS Inc., Chicago, 
USA). All categorical variables are represented 
as percentages and continuous variables are 
represented as mean ± standard deviation (SD). 
Pearson correlation coef cient (r) was used to 
test the statistical signi cance of association of 
categorical variables. A p-value of <0.05 was 
considered as statistically signi cant.

Data sources/measurement: INR value is 
measured in DT 100, AST and ALT values are 
measured in COBAS 8000.

Results

Participants

Study Population: Patients within an age of 
15-45 yrs who presented to Emergency Medicine 
with Acetaminophen within 24 hrs of ingestion. Out 
of the 78 subjects, 26 were excluded (7 were aged less 
than 5 years; 13 had co-ingestion; 6 presented after 
24 hours of ingestion) giving a net sample size of 52.

Descriptive data

Out of the 78 subjects, 26 were excluded (7 were 
aged less than 5 years; 13 had co-ingestion; 
6 presented after 24 hours of ingestion) giving 
a net sample size of 52 patients who deliberately 
ingested acetaminophen, with 13 males (25%) and 
39 females (75%), mean age of presentation was 
23.67 ± 6.9 years. History of previous psychiatric 
illness was noted in 23.1% patients. None of the 
patients had other comorbidities. Gastric lavage 
and activated charcoal was done in 36 (69.2%) and 
13 (25%) patients respectively. It was observed 
that none of the patients required liver transplant 
or expired.

Ingested amount of Acetaminophen had 
statistically signi cant correlation with initial INR 
with a p-value of 0.004. It was also noticed that the 
initial INR value and duration of hospital stay had 
a statistically signi cant correlation with P value 
of <0.001. Ingested dose of Acetaminophen had no 
correlation with  rst 24 hour AST and ALT value.

Acute Single Deliberate Ingestion of Acetaminophen and Correlation between Initial International Normalised Ratio 
and Length of Hospital Stay Acute Acetaminophen Overdose among Patients Visiting the Emergency Department
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Outcome data
Gender

Gender MaleGender Female

25%

75%

Fig 1: Pie diagram showing percentage of gender distribution

Previous Psychiatric history

Present Absent

90
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0

Fig 2: Bar diagram showing percentage of patients who had 
previous history of psychiatric illness

30.80%

69.20%

Yes No

Gastric Lavage

Fig 3: Pie chart showing the percentage of patients who 
underwent gastric lavage

25%

75%

Yes No

Activated Charcoal

Fig 4: Pie chart showing the percentage of patients who 

underwent activated charcoal
Table 1: Correlation between ingested Acetaminophen level 
and International Normalized Ratio. The two variables Ingested 
Acetaminophen and International Normalized Ratio shows 
positive correlation and it is statistically significant

Variable Name n Ingested 
Acetaminophen

p value

Pearson correlation 
coefficient

International 
Normalized Ratio +0.422 0.004

Graph 1: Correlation between International Normalized Ratio 
and Ingested dose of Acetaminophen

Table 2: Correlation between INR and duration of hospital stay. 
The two variables International Normalized Ratio and hospital 
stay shows positive correlation and it is statistically significant

Variable Name n  International 
Normalized Ratio

p value

Pearson correlation 
coefficient

Length of 
Hospital stay +0.573 <0.001

Graph 2: Correlation between INR and duration of hospital stay

Main results
Other analysis
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Discussion
Key results

In the present study the correlation between the 
ingested acetaminophen dose and  rst 24 hour 
INR, AST, ALT was studied and was found that 
the initial INR correlated with the Acetaminophen 
ingested. And the initial INR correlated with the 
duration of hospital stay. There is no correlation 
between the ingested Acetaminophen dose with 
AST, ALT in this study. Therefore the  rst 24 hour 
INR can be used as a predictor of duration of 
hospital stay in Acetaminophen overdose.

Table 3: Correlation of ingested acetaminophen with ALT, AST, 
INR

Variable name
Ingested acetaminophen

Pearson correlation coefficient
p value

INR .422 .004
ALT .146 .316
AST .084 .570

Limitations: The major limitation was that the 
study was conducted in a single centre. We would 
recommend a multicentre study with a larger 
number of recorders and interpreters for further 
validation. The initial Acetaminophen levels, effect 
of gastric lavage and activated charcoal on patient 
outcome, time of initiation of treatment are not 
discussed in this study.

Other information

Con icts of interest: None
Funding and other support: Nil

Research Quality and Ethics Statement

The authors of this manuscript declare that this 
scienti c work complies with reporting quality, 
formatting and reproducibility guidelines set forth 
by the EQUATOR Network. The authors also attest 
that this clinical investigation was determined 
to require the Institutional Review Board/
Ethics Committee review, and the corresponding 
protocol/approval number is [IRB-AIMS-2019-911]. 
We also certify that we have not plagiarized the 
contents in this submission and have done a 
Plagiarism Check.

References

1. Davidson DG, Eastham WN. Acute liver 
necrosis following overdose of paracetamol. Br 
Med J 1996;2:497.

2. Watson WA, Klein-Schwartz W, Litovtz, et al. 
2003 annual report of American Association 
of Poison Control Centers Toxic Exposure 
Surveillance System. Am J Emerg Med 
2004;22:335.

3. Mc Gill MR, Jaechle H. Metabolism and 
disposition of acetaminophen: Recent advances 
in relation to hepatotoxicity and diagnosis. 
Pharm Res 2013;30:2174.

4. Forrest JA, Prescott LF, Clements JA. Clinical 
pharmacokinetics of paracetamol. Clin 
Pharmacokinet 1982;7:93.

5. Bizovi KE, Paloucek F, Aks SE, et al. Late 
increase in acetaminophen concentration after 
overdose of Tylenol Extended Relief. Ann 
Emerg Med 1996;28:549.

6. Chun LJ, Hiatt JR, Busuttil RW. Acetaminophen 
hepatotoxicity and acute liver failure. J Clin 
Gastroenterol 2009;43:342 LJ.

7. Douglas DR, Smilkstein MJ, Sholar JB. A 
pharmacokinetic comparison of acetaminophen 
products (Tylenol Extended Relief vs regular 
Tylenol). Acad Emerg Med 1996;3:740.

8. McGill MR, Jaeschke H. Metabolism and 
disposition of acetaminophen:recent advances 
in relation to hepatotoxicity and diagnosis. 
Pharm Res 2013;30:2174.

9. Manyike PT, Kharasch ED, Slattery JT, et al. 
Contribution of CYP2E1 and CYP3A to 
acetaminophen reactive metabolite formation. 
Clin Pharmacol Ther 2000;67:275.

10. Corcoran GB, Mitchell JR, Horning EC. 
Evidence that acetaminophen and N-hydroxy 
acetaminophen form a common arylating 
intermediate, N-acetyl-p-benzoquinoneimine. 
MolPharmacol 1980; 18:536.

11. Jaeschke H, McGill MR. Cytochrome 
P450-derived versus mitochondrial oxidant 
stress in acetaminophen hepatotoxicity. Toxicol 
Lett 2015;235:216.

12. McGill MR, Williams CD, Sharpe MR, et al. 
The mechanism underlying acetaminophen-
induced hepatotoxicity in humans and mice 
involves mitochondrial damage and nuclear 
DNA fragmentation. J Clin Invest 2012; 
122:1574.

Acute Single Deliberate Ingestion of Acetaminophen and Correlation between Initial International Normalised Ratio 
and Length of Hospital Stay Acute Acetaminophen Overdose among Patients Visiting the Emergency Department



Indian Journal of Emergency Medicine / Vol. 6 No. 2 / April – June 2020

78

13. Jaeschke H, Ramachandran A, McGill MR, 
et al. Oxidant stress, mitochondria, and cell 
death mechanisms in drug-induced liver 
injury: lessons learned from acetaminophen 
hepatotoxicity. Drug Metab Rev 2012;44:88.

14. Jaeschke H, Ramachandran A, Bajt ML. 
Acetaminophen hepatotoxicity and repair: 
the role of sterile inflammation and innate 
immunity. Liver Int 2012;32:8.

15. Michael SL, Mayeux PR. Pretreatment of 
mice with macrophage inactivators decreases 
acetaminophen hepatotoxicity and the 
formation of reactive oxygen and nitrogen 
species. Hepatology 1990;30:186.

16. Blazka MEC, Holladay SD, Wilmer JL, 
et al. Role of proinflammatory cytokines in 
acetaminophen hepatotoxicity. Toxicol Appl 
Pharmacol 1995;133:43.

17. Liu ZX, Kaplowitz N, Govindarajan S. 
Innate immune sysytem plays a critical 
role in determining the progression and 
severity of acetaminophen hepatotoxicity. 
Gastroenterology 2004;127:1760.

18. Liu ZX, Kaplowitz. Role of innate immunity in 
acetaminophen-induced hepatotoxicity. Expert 
Opin Drug Metab Toxicol 2006;2:493.

19. Ishida Y, Ohshima T, Kondo T, et al. A pivotal 
involvement of IFN-gamma in the pathogenesis 
of acetaminophen-induced acute liver injury. 
FASEB J 2002;16:1227.

20. Lee WM, Larson AM, Kondo T. Introduction to 
the revised American Association for the Study 
of Liver Diseases Position Paper on acute liver 
failure 2011. Hepatology 2012;55:965.

21. Fichet J, Mercier E, Genee O, et al. Prognosis 
and 1-year mortality of intensive care unit 
patients with severe hepatic encephalopathy. 
J Crit Care 2009;24:364–70.


