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Abstract

Acetaminophen may cause liver damage in a dose-dependent way: we experienced a case where an
intravenous injection of 3 g/day of acetaminophen, which is less than the recommended maximum dose,
was thought to have caused acute liver failure in a 73-year-old female. Four courses of postoperative
adjuvant chemotherapy were given, without liver damage until the third course. After the administration of
the fourth course, the patient experienced nausea and vomiting. She was admitted to the hospital with a
diagnosis of enteritis a week later. At the time of admission, there was no liver impairment. For abdominal
pain caused by enteritis, acetaminophen was administered intravenously over two days, totaling 4,000 mg.
On the third day, acute liver failure developed, and N-acetylcysteine was administered. There was no
improvement after the introduction of treatment; hence, 1,000 mg/day of steroid pulse therapy was
administered. The patient’s liver function started to improve, and she was discharged from the hospital two
weeks later. This case suggests that the amount of acetaminophen used per unit of body weight may be
unintentionally greater for adults with a small physique; thus, physicians should provide sufficient
monitoring to discover side effects early and ensure there is appropriate use.
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Introduction

Liver damage is a problematic side effect of acetaminophen, with liver toxicity generally considered to be
dose-dependent [1]. The current maximum daily recommended dose of acetaminophen is 4 g/day for adults
[2], but on this occasion, we experienced a case in which 3 g/day of acetaminophen, which is lower than the
recommended maximum dose, is suspected to have caused acute liver failure. The patient consented to
using her clinical data in a published scientific report.

Case Presentation

Our patient was a 73-year-old female with a history of hypertension and dyslipidemia, who was being
treated with 5 mg/day of amlodipine for hypertension and 2 mg/day of pitavastatin for dyslipidemia. She had
no history of hepatitis and no family history of liver damage. She was not a regular drinker. Postoperative
adjuvant chemotherapy (docetaxel + cyclophosphamide) was being given for right breast cancer, with no
episodes of drug-induced liver injury until the third course. After the fourth course of docetaxel +
cyclophosphamide, the patient had a lack of appetite, nausea, and vomiting. A week after administration of
the fourth course, she became unable to consume food orally and was admitted to her regular hospital. Based
on the medical findings and pain in the epigastric region, she was deemed to have enteritis associated with
chemotherapy. In the blood tests upon admission, there was no evidence of liver impairment. We confirmed
that the patient had not taken acetaminophen orally before admission. Therefore, for pain relief, 1,000 mg
of acetaminophen was administered intravenously on the same day, followed by an intravenous infusion of
3,000 mg the following day. Blood tests on the third day after the first administration of acetaminophen
showed an increase in aspartate transaminase (AST) to 2,001 U/L, an increase in alanine aminotransferase
(ALT) to 1,255 U/L, and a reduction of prothrombin time (PT) down to 30%. Abdominal contrast-enhanced
computed tomography showed homogeneous liver enhancement without thrombosis, and there were no
signs of significant liver enlargement or atrophy. Acetaminophen could not be ruled out as the cause of liver
failure; hence, on the fourth day after the initial administration of acetaminophen, N-acetylcysteine was
administered at a dose of 140 mg/kg (5.6 g). Subsequently, N-acetylcysteine was administered every four
hours at a dose of 70 mg/kg (2.8 g). Liver function further deteriorated in the blood test on day 5 after the
initial administration of acetaminophen, and the patient was admitted to the intensive care unit (ICU) for
intensive treatment of acute liver failure once values of AST increased to 3,676 U/L, ALT increased to 4,086
U/L, and PT decreased to 26%. Her body weight at the time of hospital admission was 43.8 kg, and her body

mass index was 20.5 kg/mz. At the time of transfer to the ICU, the patient’s temperature was 37.9 °C, pulse
was 110 beats/minute, respiration was 27 breaths/minute, and blood pressure was 132/62 mmHg. After
surgery on the right side of the chest, the physical findings were only mild yellowing of the bulbar
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conjunctiva, with no other significant findings and no flapping tremors. The blood test results at the time of
transfer are shown in Table 1.

Results
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TABLE 1: Laboratory data upon ICU admission.
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pH, power of hydrogen; PaO,, partial pressure of arterial oxygen; PaCO,, partial pressure of arterial carbon dioxide; HCO3, hydrogen carbonate; BE,

base excess; WBC, white blood cell; Hb, hemoglobin; Ht, hematocrit; Plt, platelet; PT, prothrombin time; APTT, activated partial thromboplastin time; FDP,
fibrin degradation product; AFP, alpha fetoprotein; PIVKAII, protein induced by vitamin K absence or antagonist Il; AST, aspartate transaminase; ALT,
alanine transaminase; LDH, lactate dehydrogenase; y-GT, y-glutamyl transpeptidase; ChE, cholinesterase; BUN, blood urea nitrogen; Cre, creatinine;
CRP, C-reactive protein; ANA, anti-nuclear antibody; COI, cutoff index; HAV, hepatitis A virus; HCV, hepatitis C virus; EBV, Epstein-Barr virus; CMV,

cytomegalovirus; HSV, herpes simplex virus; lg, immunoglobulin

AST and ALT levels increased even more, and hyperammonemia and hyperbilirubinemia were additionally
observed. No virus- or collagen disease-related test abnormalities that may cause liver function impairment
were seen. From the history of disease and elimination of other causes, acute liver failure due to
acetaminophen was diagnosed. In addition to the treatment given by the previous physician, the patient
received 1,000 mg/ day of steroid pulse therapy and fresh frozen plasma (FFP) transfusion. The course of

treatment is shown in Figure 1.
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FIGURE 1: Clinical course of the present patient.

Avisual description of the patient's case. ALT and PT are displayed in this figure, with the top portion of the graph
representing various interventions during hospitalization.

ALT, alanine transaminase; ICU, intensive care unit; PT, prothrombin time

The ALT level increased further after two days in the ICU, but the AST level was reduced. The ALT level was
reduced on the third day after entering the ICU; hence, administration of FFP, steroid pulse therapy, and N-
acetylcysteine ended. There was progression without deterioration even after the end of treatment;
therefore, the patient was released from the ICU on the fourth day and was transferred to her regular
hospital on the 18th day.

Discussion

Liver damage due to acetaminophen onsets in a dose-dependent manner; hence, administration at a dose
less than the recommended 4 g/day is usually considered safe [3]. However, in this case, the patient suffered
from acute liver failure onset despite the use of a dose lower than the recommended dosage. Liver
impairment due to acetaminophen is known to derive from its active metabolite, N-acetyl-p-benzoquinone-
imine (NAPQI) [4]. Although acetaminophen undergoes sulfate conjugation and glucuronidation in the liver,
some acetaminophen is converted to NAPQI by cytochrome P450 during the administration of an overdose.
NAPQI is detoxified by glutathione conjugation, but depletion of glutathione increases NAPQI and causes
liver damage [5]. In this case, we suspect that patient background factors contributed to liver failure, as
undernutrition, drinking, and a history of liver damage are known risk factors for liver damage caused by
acetaminophen [6]. In this case, although there was no malnutrition, the patient’s oral food intake
decreased for about a week due to the effect of enteritis associated with postoperative chemotherapy, and
hypoalbuminemia and hypocholesterolemia blood tests indicated that the patient was undernourished. In
addition, the fact that the patient was of a small frame is thought to have impacted the onset of liver
damage. Guidance for intravenous administration of acetaminophen in the United Kingdom, United States,
and Australia recommends 60 mg/kg/day as the maximum dose for adults weighing less than 50 kg due to
concerns over liver damage, although this recommendation is not based on high-quality clinical data [7]. In
this case, the maximum daily dose of 4,000 mg/day was strictly adhered to, but the body weight equivalent
was 68.5 mg/kg/day, which unintentionally exceeded the recommended dose according to these guidelines.
Furthermore, the bioavailability of intravenous administration is higher than that of oral administration,
which is between 0.7 and 0.9 [8], and may also have been a factor in triggering liver damage. Hence,
particular care is required when administering acetaminophen intravenously.

Conclusions

Acute liver failure due to an overdose of acetaminophen is often fatal. Given that even the recommended
dose may result in an overdose, a dose reduction and the administration route should be considered and
physicians must put effort into sufficient monitoring for and early discovery of side effects, particularly
when using acetaminophen for malnourished or underweight adults.
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