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Abstract 
 
Acetaminophen is considered as the most common analgesic and antipyretic over-the-counter drug. It is also considered a very safe medication 

if used in limited doses. Its index of safety is relatively narrow. Therefore, an overdose of acetaminophen can lead to severe liver damage, 

which can result in acute liver failure subsequently. The clinical outcome of acetaminophen-induced acute liver failure ranges from full 

improvement and recovery to the need for liver transplantation or even death. Objective: The study aimed at reviewing the literature that has 

discussed different aspects of acetaminophen overdose-induced acute liver failure. Methods: PubMed database was used for articles selection 

and the following keywords were used in the MeSH: acetaminophen-induced acute liver failure, and acetaminophen-induced hepatotoxicity. 

A total of 35 papers were reviewed and included in the review. Conclusion: Acetaminophen overdose may and may not progress eventually 

to acute liver failure. Other than the dose, there are several risk factors that can affect the outcomes. The pairing of alcohol and acetaminophen 

is an issue that needs to spot the light on it. Chronic alcohol ingestion augments acetaminophen hepatotoxicity by enhancing the mechanisms 

of acetaminophen hepatotoxicity. The goals in treating cases of acetaminophen overdose should be the inhibition of absorption, removal of 

acetaminophen from the blood, prevention of the conversion of acetaminophen into the toxic metabolite NAPQI, detoxification of NAPQI, 

and liver transplantation. N-acetylcysteine is the recommended agent to detoxify NAPQI. It is now widely accepted as the antidote best able 

to reduce the risk of hepatotoxicity. 
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INTRODUCTION 
 
Acetaminophen is the most used over-the-counter drug [1, 2]. 

When used in limited doses, it is very safe but the safety 

margins are considered narrow. It can cause severe liver 

damage after an overdose, which can result in acute liver 

failure subsequently [3, 4]. Patients with acetaminophen-

induced acute liver failure are prone to a wide range of 

outcomes from complete improvement to death [4]. 

In western countries, acetaminophen-induced overdose is the 

main cause of acute liver failure [3, 5]. The estimated number 

of acetaminophen overdose cases is up to 60,000 cases per 

year [6]. Most of these cases are intentional suicide attempts. 

Around 26,000 of the overdosed patients are hospitalized 

each year. Approximately 1% develop encephalopathy or 

severe coagulopathy and the acetaminophen overdose-related 

mortality cases account for 500 per year. Around 20% of 

these deaths happen in patients with non-intentional 

acetaminophen overdose [7]. 

In this paper, we aimed to review the recent literature that has 

discussed the different aspects of acetaminophen overdose-

induced acute liver failure. 

METHODOLOGY 

PubMed database was used for articles selection and the 

following keys were used in the MeSH (("acetaminophen-

induced acute liver failure"[MeSH]) AND (“acetaminophen-

induced hepatotoxicity"[MeSH])). A total of 35 papers were 

reviewed and included in the review. 
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Inclusion criteria: The articles were selected based on the 

relevance to the project, which should include 

acetaminophen-induced acute liver failure/hepatotoxicity. 

Exclusion criteria: all other articles that did not have a related 

aspect to the acetaminophen-induced acute liver failure as 

their primary endpoint or repeated studies. 

DISCUSSION 

Acute liver failure is defined as a sudden loss of hepatic 

function in a person with no previous history of hepatic 

diseases. It is a rare syndrome but can be very dramatic. There 

are several conditions that can be the cause behind acute liver 

failure, for example, viral hepatitis, metabolic errors, drug-

induced and toxin-induced liver disease, and ischemia [8-10]. 

Recently, there has been a gradual increase worldwide in the 

proportion of cases with acetaminophen overdose-induced 

acute liver failure, especially in the USA and other western 

countries. Nevertheless, viral hepatitis is the main cause of 

acute liver failure in regions like Africa and Asia [11, 12]. Cases 

with hepatitis E, and also hepatitis A and B, are common [13]. 

Outcomes of acute liver failure are better in children than in 

adults [14]. In addition, cases with acetaminophen toxicity and 

cases with hepatitis A have shown high survival rates (93% 

and 100%, respectively) [15-17].   

After the discovery of the relationship between aspirin and 

Reye’s syndrome in children, reported between 1982 and 

1987, Americans started to use acetaminophen as the safe 

alternative analgesic for adults and children [18]. Then, cases 

with fatal acetaminophen-induced acute liver failure were 

reported. Moreover, the association of alcohol with 

acetaminophen poisoning was assessed for the first time [19, 

20]. 

Nowadays, acetaminophen is considered as a predictable 

hepatotoxin [21]. The biochemical signs of liver damage may 

appear after 24 hours since the time of overdose. This damage 

may lead to dose-related centrilobular liver necrosis [22, 23]. It 

is believed that 125-150 mg/kg is the lowest dose of 

acetaminophen for hepatotoxicity [24, 25]. In adults, 10 g of 

acetaminophen is the threshold dose to cause hepatotoxicity; 

while, the threshold dose in children is 150 mg/kg [24, 26]. 

Pathophysiology 
Chun et al. [21] summarized the mechanisms of 

acetaminophen hepatotoxicity into 3 parts. They included the 

generation of a toxic metabolite, mitochondrial dysfunction, 

and alteration of innate immunity. 

A toxic metabolite called N-acetyl-p-benzoquinone imine 

(NAPQI) is generated after acetaminophen overdose. Firstly, 

more than 90% of the therapeutic dose of acetaminophen is 

metabolized in the liver by glucuronyl transferases and 

sulfotransferases. It will be converted to phenolic glucuronide 

and sulfate. Then, it will be excreted in urine [26]. 

Approximately, 2% of the remaining acetaminophen will be 

excreted unmetabolized. The remaining amount of 

acetaminophen will be metabolized by cytochrome P450, 

mainly the enzyme CYP2E1, to NAPQI [27]. NAPQI is a 

highly reactive, electrophilic molecule that leads to harm by 

the formation of covalent bonds with other intracellular 

proteins. Conjugation with glutathione prevents the reaction 

that leads to NAPQI formation. Subsequently, this process 

results in the production of a water-soluble substance that will 

be excreted into bile [28]. 

Nevertheless, in cases of acetaminophen overdose, NAPQI 

will be generated in high amounts and glutathione will not be 

able to prevent it. Glutathione will be depleted by NAPQI 

leading to the accumulation of NAPQI in hepatocytes. 

NAPQI can change the function and structure of the cellular 

proteins. It can alter the permeability of the cell leading to the 

loss of cell membrane integrity [23]. 

Acetaminophen overdose can also cause mitochondrial 

dysfunction either by covalent binding to mitochondrial 

proteins or by other mechanisms. It has the ability to depress 

mitochondrial respiration and the synthesis of adenosine 

triphosphate (ATP), inducing mitochondrial oxidant stress 

with increased production of peroxynitrite. Peroxynitrite is a 

nitrating and potent oxidant agent, which generates additional 

covalent bonds with cellular proteins, causing further 

mitochondrial dysfunction. Eventually, there is the alteration 

of membrane permeability leading to the collapse of 

mitochondrial membrane potential, disruption of ATP 

synthesis, release of mitochondrial proteins into the cell 

cytoplasm, and oncotic necrosis of hepatocytes [28, 29].  

It has been shown that the innate immune system of the liver 

attribute to the progression of liver injury during 

acetaminophen hepatotoxicity. In acetaminophen overdose, 

the toxic acetaminophen metabolites will activate Kupffer 

cells, which are immune cells in the liver [30]. Activated 

Kupffer cells will release inflammatory cytokines that may 

activate natural killer thymus lymphocytes that may cause 

liver damage by cytotoxic activity. This can promote further 

activation of Kupffer cells, and stimulating the local 

production of chemokines. Inflammatory mediators, 

cytokines, and chemokines accumulate neutrophils in the 

liver and exacerbate the hepatic injury [31]. 

Risk Factors 
Acetaminophen overdose may and may not progress 

eventually to acute liver failure. Other than the dose, there are 

several risk factors that can affect the outcomes. Malnutrition, 

fasting, and chronic liver disease all increase the risk of 

hepatotoxicity by decreasing glutathione stores [32]. 

Moreover, there are drugs that can induce liver injury or 

fulminant hepatic failure such as, isoniazid, rifampin, and 

phenobarbital. Fibrates and nonsteroidal anti-inflammatory 

drugs are associated with a higher incidence of death in cases 

of acetaminophen-induced acute liver failure [33]. 
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Furthermore, chronic use of alcohol increases the production 

of NAPQI [32]. 

The pairing of alcohol and acetaminophen is an issue that 

needs to spot the light on it [34]. Both substances are normally 

available in many societies. It has been found that the co-

ingestion of alcohol and acetaminophen is expected to cause 

acute hepatotoxicity [35-37]. Chronic alcohol ingestion 

augments acetaminophen hepatotoxicity enhances the 

mechanisms of acetaminophen hepatotoxicity by increasing 

the depletion of glutathione leading to liver necrosis and 

worsening prognosis [29, 31]. There is another explanation of 

the poor outcomes of acetaminophen-related hepatotoxicity 

in chronic alcohol abusers, which is the delay in seeking 

medical attention after acetaminophen ingestion, which 

would prolong the activity of toxic metabolites on the liver 
[34]. 

In addition, malnourishment has shown an association with 

acetaminophen hepatotoxicity. In a poor nutritional state, 

glutathione reserves become easily exhausted. Decreased 

levels of available glutathione in such cases will lead to 

hepatocyte damage. Inadequate nutritional status is often 

associated with chronic alcoholism. Therefore, alcoholic 

patients with acetaminophen-induced hepatotoxicity 

experience both decreased body glutathione stores as well as 

increased activity of hepatotoxic enzymes [38]. 

According to the US FDA, more than 4000 mg of 

acetaminophen in 24 hours may lead to severe liver damage. 

Watkins et al. [39] conducted an RCT on the ingestion of the 

recommended maximum amount of 4000 mg of 

acetaminophen daily for 2 weeks. The results showed an 

elevation of a particular liver function test, which was alanine 

transaminase, up to three times the normal. These elevations 

of transaminase showed no clinical manifestations and they 

were in 40% of patients. However, the transaminase levels 

went back to their normal values after the acetaminophen was 

stopped [39]. 

Clinical Presentation 
Acute liver failure is an abrupt onset of hepatic dysfunction 

in the absence of a previous history of liver disease. It can 

progress to encephalopathy, jaundice, and coagulopathy [40]. 

The early stage of acute liver failure can be presented with 

general nonspecific symptoms, such as abdominal pain, 

fatigue, anorexia, and fever. Mostly, cases with 

acetaminophen-induced acute liver failure progress toward 

hepatic encephalopathy that develops within 0–7 days after 

the onset of jaundice. Encephalopathy can be divided into 4 

grades with higher grades strongly correlating with poor 

clinical outcomes [32]. The mildest Grade I encephalopathy is 

characterized by minor changes in the mental status with a 

normal Glasgow coma score and no EEG changes, with 

increasing levels of altered mental status and asterixis up to 

Grade IV, defined as coma with decerebrate posturing and 

marked EEG abnormalities. Patients with Grades III and IV 

encephalopathy are at a particularly high risk of developing 

cerebral edema due to hyperammonemia, inflammation, loss 

of cerebral blood flow autoregulation, and hyponatremia [32]. 

Additional sequelae of acute liver failure include vasodilatory 

shock, pulmonary edema, and acute renal failure [40]. 

Diagnosis 

The diagnosis of acetaminophen hepatotoxicity needs a high 

index of suspicion. Some cases only show unexplained 

nausea and vomiting along with just mild elevations of 

aminotransferase, isolated hypoprothrombinemia, or 

metabolic acidosis. Acetaminophen hepatotoxicity should be 

thought of if the elevation of serum aminotransferase levels 

was up to 400 above the upper limits of normal along with 

hypoprothrombinemia, metabolic acidosis, and renal failure 
[7]. In addition, the levels of serum acetaminophen can be a 

helpful tool in the estimation of the risk of liver injury after 

single ingestion [27, 41]. Nevertheless, significant overdose 

cannot be excluded in case of a low acetaminophen level. 

Serum samples should be repeated every 4-12 h in order to 

define the hepatic risks [7]. 

Management 
The goals in treating cases of the acetaminophen overdose 

include the inhibition of absorption, removal of 

acetaminophen from the blood, prevention of the conversion 

of acetaminophen into the toxic metabolite NAPQI, 

detoxification of NAPQI, and liver transplantation [36]. 

Choosing the interventions is affected by two factors, which 

are the timing of presentation and the degree of hepatic 

decompensation [21]. To reduce absorption within the first few 

hours after ingestion, gastric lavage, activated charcoal 

ingestion, and induction of vomiting by ipecacuanha are 

recommended options [42]. 

Activated charcoal and gastric lavage can be used to prevent 

the absorption of acetaminophen, but only are effective when 

used within 1 hour of ingestion for charcoal and 4 hours for 

gastric lavage. 

N-acetylcysteine (NAC) is the recommended agent to 

detoxify NAPQI. It is now widely accepted as the antidote 

best able to reduce the risk of hepatotoxicity. It also reduces 

mortality in patients with acute liver failure [42]. It works by 

replenishing glutathione stores and directly binds to 

acetaminophen toxic metabolites. Moreover, it increases 

nontoxic sulfate conjugation in liver cells [41]. There are other 

agents, such as methionine and cysteamine that can detoxify 

NAPQI and reduce liver damage. Nevertheless, they show 

more adverse gastrointestinal and central nervous system 

effects when compared with NAC. The overall mortality rate 

for acetaminophen overdose had declined from as high as 5% 

to 0.7% with the use of NAC. Liver transplantation is the only 

intervention that improves survival when there is irreversible 

liver damage causing acute liver failure [42]. Patients should 

receive a full course of NAC if they have a questionable 

history regarding the acetaminophen dose or a non-acute 
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overdose [24]. The ingested dose and the interval to the 

presentation are the most important prognostic factors for 

non-acute overdoses. Presentation later than 24 hours after 

ingestion is associated with an increased risk of 

hepatotoxicity. NAC treatment is required for ingestion of 

more than 150 mg/kg over 24 hours or 75 mg/kg over 24 

hours for patients with risk factors that would increase 

susceptibility to developing acetaminophen-induced 

hepatotoxicity [25]. Patients with coagulopathy or elevated 

creatinine level should be admitted for further monitoring 

including daily measurements of INR and creatinine and 

should receive NAC treatment at a dose of 150 mg/kg every 

24 hours until INR falls below 2. Patients may be discharged 

from the hospital after they complete a full course of NAC 

treatment if it was begun within 8 hours of ingestion. For 

treatment initiated after 8 hours, patients may be discharged 

only if they are asymptomatic and have normal serum 

creatinine concentration and liver tests [24]. Management 

decisions are based partly on serial measurements of INR, but 

cases exist where INR is increased without liver toxicity, 

possibly as the consequence of the interaction between 

clotting factors and NAC [43, 44]. This possibility should be 

considered as the only sign of hepatotoxicity for patients with 

increased INR [44]. 

NAC can be delivered intravenously (IV) or orally (PO). The 

dose should be calculated depending on the patient’s weight 

in which the maximum dose for oral is 110 kg and 100 kg for 

IV [34]. The standard formulation of NAC for the IV regimen 

is a loading dose of 150 mg/kg in 200 ml, given for 15 min. 

Then, it should be followed by 50 mg/kg in 500 ml over 4 h 

and after that, 100 mg/kg in 1000 ml over 16 h. Regarding the 

oral regimen, a loading dose of 140 mg/kg is given, followed 

by 70 mg/kg every 4 hours for a total of 18 total doses. NAC 

therapy can be considered complete if acetaminophen levels 

became untraceable and alanine transaminase level went back 

to normal [45]. 

Outcomes 
The mortality due to acetaminophen toxicity is less than 2% 

if the patient is diagnosed and treated quickly. Besides, late 

presentation and intervention are associated with severe liver 

failure and high mortality. Liver transplantation is needed in 

around 1% to 3% of patients with severe liver failure in order 

to save their lives [34]. Children under 6 years mostly have 

better outcomes than adults because of their greater capacity 

regarding acetaminophen detoxification. 

Upon discharge, the parents should be given several 

instructions regarding the storage, frequency, and dosage of 

acetaminophen. First, the medications should be kept out of 

the reach of children. They should know the proper dosing for 

children. They also should be informed that there are 

pediatric and adult doses of the drug [46]. Moreover, they 

should be encouraged to read the label of the vial containing 

the medication. In addition, combining drugs can increase the 

risk of toxicity. Therefore, this practice should be avoided and 

the parents should be informed regarding it [46, 47]. 

CONCLUSION 

Acetaminophen overdose may and may not lead eventually to 

acute liver failure. Other than the dose, there are several risk 

factors that can affect the outcomes. The pairing of alcohol 

and acetaminophen is an issue that needs to spot the light on 

it. Chronic alcohol ingestion augments acetaminophen 

hepatotoxicity by enhancing the mechanisms of 

acetaminophen hepatotoxicity. 

The goals in treating cases with acetaminophen overdose 

include the inhibition of absorption, removal of 

acetaminophen from the blood, prevention of the conversion 

of acetaminophen into the toxic metabolite NAPQI, 

detoxification of NAPQI, and liver transplantation. The 

recommended agent to detoxify NAPQI is N-acetylcysteine. 

It is now widely accepted as the antidote best able to reduce 

the risk of hepatotoxicity. 

When patients are discharged, they should be provided with 

clear instructions on drug dosage, frequency, and route of 

administration. 

REFERENCES 
1. Krenkel O, Mossanen JC, Tacke F. Immune mechanisms in 

acetaminophen-induced acute liver failure. Hepatobiliary surgery and 

nutrition. 2014 Dec;3(6):331. doi:10.3978/j.issn.2304-

3881.2014.11.01. 

2. Chong CP, Tan SF, Chooi WT. An Evaluation on Consumers’ Usage 

Pattern of Acetaminophen (Paracetamol): A Multicenter Study from 

Penang, Malaysia. Archives of Pharmacy Practice. 2017 Jan 1;8(1). 

3. Larson AM, Polson J, Fontana RJ, Davern TJ, Lalani E, Hynan LS, 

Reisch JS, Schiødt FV, Ostapowicz G, Shakil AO, Lee WM. 

Acetaminophen‐induced acute liver failure: results of a United States 

multicenter, prospective study. Hepatology. 2005 Dec;42(6):1364-72. 

https://doi.org/10.1002/hep.20948. 

4. Larsen FS, Wendon J. Understanding paracetamol-induced liver 

failure. Intensive care medicine. 2014 Jun 1;40(6):888-90. 

https://doi.org/10.1007/s00134-014-3293-9. 

5. Ostapowicz G, Fontana RJ, Schioødt FV, Larson A, Davern TJ, Han 

SH, McCashland TM, Shakil AO, Hay JE, Hynan L, Crippin JS. 

Results of a prospective study of acute liver failure at 17 tertiary care 

centers in the United States. Annals of internal medicine. 2002 Dec 

17;137(12):947-54. https://doi.org/10.7326/0003-4819-137-12-

200212170-00007. 

6. Nourjah P, Ahmad SR, Karwoski C, Willy M. Estimates of 

acetaminophen (paracetomal)‐associated overdoses in the United 

States. Pharmacoepidemiology and drug safety. 2006 Jun;15(6):398-

405. https://doi.org/10.1002/pds.1191. 

7. Fontana RJ. Acute liver failure including acetaminophen overdose. 

Medical Clinics of North America. 2008 Jul 1;92(4):761-94. 

https://doi.org/10.1016/j.mcna.2008.03.005. 

8. Lee WM, Squires Jr RH, Nyberg SL, Doo E, Hoofnagle JH. Acute liver 

failure: summary of a workshop. Hepatology. 2008 Apr;47(4):1401-15. 

https://doi.org/10.1002/hep.22177. 

9. Alnahdi HS. The Possible Ameliorative Mechanisms of Curcumin 

and/or Coenzyme Q10 Against Hyperthyroidism Induced Liver 

Damage in Rats. Entomology and Applied Science Letters. 2018 Mar 

3;5(1):7-16. 

10. Al-Bishri WM. Alleviating Impact of A-Lipoic Acid and Silver 

Nanoparticles on 1, 2-Dimethylhydrazine Dihydrochloride Induced 

Hepatic Carcinogenesis. International Journal of Pharmaceutical and 

Phytopharmacological Research. 2017 Dec 1;7(6):44-51. 

11. Shakeri H, Rahmanian V, Shakeri M, Mansoorian E. Study Of Anti-

Hbs Antibody Titer And Associated Factors Among Healthcare Staff 



Albalawi et al.: Evaluation of Recent Updates Regarding Acetaminophen-Induced Acute Liver Failure 

 

 

  60                                                                                                   Archives of Pharmacy Practice ¦ Volume 10 ¦ Issue 3 ¦ July-September 20191                                                                                                    

 

Vaccinated Against Hepatitis B More Than Ten Years In Hospitals Of 

Jahrom In 2016. Pharmacophore. 2018;9(1):156-61. 

12. Embaby M, Shaker O, Abd El Aziz G, Rashad A, Yousri A. Toll like 

receptor 7 & 8 gene variations and sustained virological response in 

Hepatitis C Virus Patients treated with interferon. Journal of Advanced 

Pharmacy Education & Research| Jul-Sep. 2018;8(3). 

13. Acharya SK, Dasarathy S, Kumer TL, Sushma S, Prasanna KS, Tandon 

A, Sreenivas V, Nijhawan S, Panda SK, Nanda SK, Irshad M. 

Fulminant hepatitis in a tropical population: clinical course, cause, and 

early predictors of outcome. Hepatology. 1996 Jun;23(6):1448-55. 

https://doi.org/10.1053/jhep.1996.v23.pm0008675163. 

14. Dhawan A, Cheeseman P, Mieli‐Vergani G. Approaches to acute liver 

failure in children. Pediatric transplantation. 2004 Dec;8(6):584-8. 

https://doi.org/10.1111/j.1399-3046.2004.00292.x. 

15. Squires Jr RH, Shneider BL, Bucuvalas J, Alonso E, Sokol RJ, 

Narkewicz MR, Dhawan A, Rosenthal P, Rodriguez-Baez N, Murray 

KF, Horslen S. Acute liver failure in children: the first 348 patients in 

the pediatric acute liver failure study group. The Journal of pediatrics. 

2006 May 1;148(5):652-8. 

https://doi.org/10.1016/j.jpeds.2005.12.051. 

16. James LP, Letzig L, Simpson PM, Capparelli E, Roberts DW, Hinson 

JA, Davern TJ, Lee WM. Pharmacokinetics of acetaminophen-protein 

adducts in adults with acetaminophen overdose and acute liver failure. 

Drug Metabolism and Disposition. 2009 Aug 1;37(8):1779-84. 

https://doi.org/10.1124/dmd.108.026195. 

17. James LP, Alonso EM, Hynan LS, Hinson JA, Davern TJ, Lee WM, 

Squires RH, Pediatric Acute Liver Failure Study Group. Detection of 

acetaminophen protein adducts in children with acute liver failure of 

indeterminate cause. Pediatrics. 2006 Sep 1;118(3):e676-81. 

https://doi.org/10.1542/peds.2006-0069. 

18. Lee WM. Acetaminophen and the US Acute Liver Failure Study 

Group: lowering the risks of hepatic failure. Hepatology. 2004 

Jul;40(1):6-9. https://doi.org/10.1002/hep.20293. 

19. SEEFF LB, CUCCHERINI BA, ZIMMERMAN HJ, ADLER E, 

BENJAMIN SB. Acetaminophen hepatotoxicity in alcoholics: a 

therapeutic misadventure. Annals of Internal Medicine. 1986 Mar 

1;104(3):399-404. https://doi.org/10.7326/0003-4819-104-3-399. 

20. Zimmerman HJ, Maddrey WC. Acetaminophen (paracetamol) 

hepatotoxicity with regular intake of alcohol: analysis of instances of 

therapeutic misadventure. Hepatology. 1995 Sep 1;22(3):767-73. 

https://doi.org/10.1002/hep.1840220312. 

21. Chun LJ, Tong MJ, Busuttil RW, Hiatt JR. Acetaminophen 

hepatotoxicity and acute liver failure. Journal of clinical 

gastroenterology. 2009 Apr 1;43(4):342-9. 

https://doi.org/10.1097/mcg.0b013e31818a3854. 

22. Black M. Acetaminophen hepatotoxicity. Gastroenterology. 1980 Feb 

1;78(2):382-92. https://doi.org/10.1016/0016-5085 (80)90593-4. 

23. Lee WM. “Drug-Induced Hepatotoxicity.” New England Journal of 

Medicine. 1995; 333(17):1118–27. 

https://doi.org/10.1056/nejm199510263331706. 

24. Makin AJ, Williams R. Acetaminophen-induced hepatotoxicity: 

predisposing factors and treatments. Advances in internal medicine. 

1997;42:453-83. 

25. Dargan PI, Jones AL. Acetaminophen poisoning: an update for the 

intensivist. Critical Care. 2002 Apr;6(2):108–10. 

https://doi.org/10.1186/cc1465. 

26. Larson AM. Acetaminophen hepatotoxicity. Clinics in liver disease. 

2007 Aug 1;11(3):525-48. https://doi.org/10.1016/j.cld.2007.06.006. 

27. Rumack BH. Acetaminophen hepatotoxicity: the first 35 years. Journal 

of Toxicology: Clinical Toxicology. 2002 Jan 1;40(1):3-20. 

https://doi.org/10.1081/clt-120002882. 

28. Jaeschke H, Bajt ML. Intracellular signaling mechanisms of 

acetaminophen-induced liver cell death. Toxicological sciences. 2005 

Sep 21;89(1):31-41. https://doi.org/10.1093/toxsci/kfi336. 

29. Jaeschke H, Knight TR, Bajt ML. The role of oxidant stress and 

reactive nitrogen species in acetaminophen hepatotoxicity. Toxicology 

letters. 2003 Oct 15;144(3):279-88. https://doi.org/10.1016/s0378-

4274(03)00239-x. 

30. Ayaz NO. Beneficial Impacts of N-3 Polyunsaturated Fatty Acids on 

Gold Nanoparticles-Induced Liver Injury by Activating Ppar-G and 

Nrf2/Ho-1 Signaling Pathways. Pharmacophore. 2018 Jan 1;9(1). 

31. Liu ZX, Kaplowitz N. Role of innate immunity in acetaminophen-

induced hepatotoxicity. Expert opinion on drug metabolism & 

toxicology. 2006 Aug 1;2(4):493-503. 

https://doi.org/10.1517/17425255.2.4.493. 

32. Lancaster EM, Hiatt JR, Zarrinpar A. Acetaminophen hepatotoxicity: 

an updated review. Archives of toxicology. 2015 Feb 1;89(2):193-9. 

https://doi.org/10.1007/s00204-014-1432-2. 

33. Suzuki A, Yuen N, Walsh J, Papay J, Hunt CM, Diehl AM. Co-

medications that modulate liver injury and repair influence clinical 

outcome of acetaminophen-associated liver injury. Clinical 

Gastroenterology and Hepatology. 2009 Aug 1;7(8):882-8. 

https://doi.org/10.1016/j.cgh.2009.03.034. 

34. Yoon E, Babar A, Choudhary M, Kutner M, Pyrsopoulos N. 

Acetaminophen-induced hepatotoxicity: a comprehensive update. 

Journal of clinical and translational hepatology. 2016 Jun 28;4(2):131. 

https://doi.org/10.14218/jcth.2015.00052. 

35. McGill MR, Jaeschke H. Metabolism and disposition of 

acetaminophen: recent advances in relation to hepatotoxicity and 

diagnosis. Pharmaceutical research. 2013 Sep 1;30(9):2174-87. 

https://doi.org/10.1007/s11095-013-1007-6. 

36. Yuan L, Kaplowitz N. Mechanisms of drug-induced liver injury. 

Clinics in liver disease. 2013 Nov 1;17(4):507-18. 

https://doi.org/10.1016/j.cld.2013.07.002. 

37. Dart RC, Erdman AR, Olson KR, Christianson G, Manoguerra AS, 

Chyka PA, Martin Caravati E, Wax PM, Keyes DC, Woolf AD, 

Scharman EJ. Acetaminophen poisoning: an evidence-based consensus 

guideline for out-of-hospital management. Clinical Toxicology. 2006 

Jan 1;44(1):1-8. https://doi.org/10.1080/15563650500394571. 

38. Whitcomb DC, Block GD. Association of acetaminophen 

hepatotoxicity with fasting and ethanol use. Jama. 1994 Dec 

21;272(23):1845-50. 

https://doi.org/10.1001/jama.1994.03520230055038. 

39. Watkins PB, Kaplowitz N, Slattery JT, Colonese CR, Colucci SV, 

Stewart PW, Harris SC. Aminotransferase elevations in healthy adults 

receiving 4 grams of acetaminophen daily: a randomized controlled 

trial. Jama. 2006 Jul 5;296(1):87-93. 

https://doi.org/10.1001/jama.296.1.87. 

40. Craig DG, Lee A, Hayes PC, Simpson KJ. The current management of 

acute liver failure. Alimentary pharmacology & therapeutics. 2010 

Feb;31(3):345-58. https://doi.org/10.1111/j.1365-2036.2009.04175.x. 

41. Smilkstein MJ, Knapp GL, Kulig KW, Rumack BH. Efficacy of oral 

N-acetylcysteine in the treatment of acetaminophen overdose. New 

England Journal of Medicine. 1988 Dec 15;319(24):1557-62. 

https://doi.org/10.1056/nejm198812153192401. 

42. Brok J, Buckley N, Gluud C. Interventions for paracetamol 

(acetaminophen) overdoses. Cochrane database of Systematic reviews. 

2002(3). https://doi.org/10.1002/14651858.cd003328.pub2. 

43. Schmidt LE, Knudsen TT, Dalhoff K, Bendtsen F. Effect of 

acetylcysteine on prothrombin index in paracetamol poisoning without 

hepatocellular injury. The Lancet. 2002 Oct 12;360(9340):1151-2. 

https://doi.org/10.1016/s0140-6736(02)11194-9. 

44. Pol S, Lebray P. N-acetylcysteine for paracetamol poisoning: effect on 

prothrombin. The Lancet. 2002 Oct 12;360(9340):1115. 

https://doi.org/10.1016/s0140-6736(02)11238-4. 

45. Heard KJ. Acetylcysteine for acetaminophen poisoning. New England 

Journal of Medicine. 2008 Jul 17;359(3):285-92. 

https://doi.org/10.1056/nejmct0708278. 

46. Agrawal, Suneil, Babak Khazaeni. “Acetaminophen Toxicity.” 

StatPearls [Internet]. U.S. National Library of Medicine, November 14, 

2018. https://www.ncbi.nlm.nih.gov/books/NBK441917/. 

47. Imani F, Motavaf M, Safari S, Alavian SM. The therapeutic use of 

analgesics in patients with liver cirrhosis: a literature review and 

evidence-based recommendations. Hepatitis monthly. 2014 

Oct;14(10). https://doi.org/10.5812/hepatmon.23539.

 


