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Background: Acetaminophen is a popular antipyretic and analgesic medication worldwide; 
however, its therapeutic window is narrow, which may lead to overdose or toxicity. This study 
was conducted to assess the correlation between the serum acetaminophen levels before and 4 
hours after the acute toxicity with this drug. The objective of this study was to test the validity 
of the serum level to arrive at a clinical decision on the toxicity with acetaminophen.

Methods: This cross-sectional study was performed on patients hospitalized and treated with 
a diagnosis of acute acetaminophen overdose during one year (Sept. 2018 to Sept. 2019) at the 
Toxicology Department of Imam Reza Hospital, Mashhad, Iran. Patients were analyzed for 
demographics, time of ingestion, their first and second serum acetaminophen concentrations. 

Results: A total of 204 patients (106 male & 98 female) were included in this study. The 
average dose of acetaminophen ingestion by these patients was 14.5±3.50 g and all patients 
were treated successfully with N-Acetyl-Cysteine (NAC). The variables of age (P=0.293), 
serum acetaminophen levels at 1-2 h (P=0.679), and at 2-3 h (P=0.126) did not have significant 
relationships with the serum acetaminophen level on the fourth hour. However, the serum 
acetaminophen levels tested between 3-4 h and acetaminophen intoxication dosage had 
significant relationships with the acetaminophen level on the fourth hour.

Conclusion: In patients with acute acetaminophen toxicity, the data on the serum levels 
obtained before a 4-hour timepoint from the ingestion were not useful to decide on the need for 
the rescue treatment with N-acetyl-cysteine.
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Introduction

cetaminophen or paracetamol (N-acetyl-
para-aminophenol) is one of the most 
common and available antipyretic and 
analgesic medications worldwide [1]. 
Despite the fact that acetaminophen is 

an effective and safe drug at normal dosage, its therapeu-

tic window is narrow, such that it is often overused inten-
tionally or accidentally. The most common complication 
of acetaminophen toxicity is severe liver injury, which 
may progress to acute liver failure [2]. The acetamino-
phen toxicity is responsible for approximately 56,000 
emergency room visits per year and is also the most com-
mon cause of liver transplantation in the United States 
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and the second most common worldwide. Therefore, this 
toxicity is a significant clinical problem [3, 4]. 

To prevent the acetaminophen hepatotoxicity, treatment 
with N-Acetyl-Cysteine (NAC) should be initiated as soon 
as possible within first 6 h post ingestion, and based on its 
serum concentration as determined by the Rumack-Mat-
thew nomogram [5]. To use this nomogram reliably, the se-
rum levels from 4-24 h post-ingestion should be used. This 
starting point was chosen because of the initial data avail-
able at the time of nomogram production and the possibility 
of delayed drug absorption [5, 6]. On the other hand, acet-
aminophen is absorbed rapidly and reaches the serum peak 
level within one hour of the ingestion, suggesting that early 
serum levels can be predictive of the toxicity [5]. Moreover, 
the acetaminophen serum level before 4 h from the inges-
tion can help accelerate the patient care decisions in the 
emergency rooms [7, 8]. 

A study by Douglas et al. [8] concluded that the serum 
concentrations between one and 4 h after acetaminophen 
ingestion can accurately predict the treatment require-
ments. Several case reports have indicated that the acet-
aminophen serum level continue to rise 4 h post-ingestion, 
especially due to multi-drug uses or massive overdose 
with acetaminophen [9-11]. However, few studies that 
have been conducted on this subject, have yielded conflict-
ing results. To resolve this issue, we conducted this study 
and evaluated the correlation between the acetaminophen 
serum levels before and after the 4-hour timepoint from 
the acetaminophen ingestion in patients who presented 
to the emergency room at a general hospital with symp-
toms of acute intoxication with this drug.

Manterials and Methods

Study design and subjects: This cross-sectional study 
was conducted on patients hospitalized and treated with 
acute acetaminophen overdose diagnosis from Septem-
ber 2018 to September 2019 in the Toxicology Depart-
ment of Imam Reza Hospital, in Mashhad, Iran. 

Inclusion and exclusion criteria: All patients present-
ed to the emergency department at Imam Reza Hospital 
between 1 and 4 h of acute acetaminophen ingestions 
were included voluntarily in this study. Patients who 
had a past medical conditions, co-ingestion of drugs, un-
known ingestion time, undetectable acetaminophen se-
rum levels, and those with chronic acetaminophen usage 
were excluded from the study.

Methods: Serum acetaminophen concentration tests 
were performed twice for all patients who met the inclu-

sion criteria. The first test was conducted at admission, 
i.e., <4-hr post-ingestion, and the second one was repeat-
ed at ≥4-hour post-ingestion. All serum acetaminophen 
concentration test samples were read on a spectropho-
tometer (Pharmacia LKB Novaspec II, Cambridge, UK) 
in the central laboratory of the Hospital. For each patient, 
the age, sex, exact time of ingestion, the time and data 
for the first and second acetaminophen serum concentra-
tion tests were recorded.

Data analyses: After collecting the data, they were 
analyzed on SPSS software, version 22. Pearson’s cor-
relation coefficient test was used to evaluate the relation-
ship between the serum acetaminophen levels, obtained 
regularly, starting shortly after admission and then hour-
ly thereafter, up to 4 h post-ingestion. Using Pearson’s 
multiple correlation analysis, all variables, such as age, 
acetaminophen dosage, and the serum concentrations 
representing before and after 4 h were entered into the 
statistical model. The variables that had the least statis-
tical correlation with the dependent variable, i.e., the 
serum concentration for the fourth hour, were excluded 
from the model. A P-value less than 0.05 was set as the 
statistical significance for all variables.

Ethical consideration: A written study protocol and 
informed consent letter were available for review and 
signing by the patients prior to inclusion in the study. 
Moreover, the study protocol was fully approved by the 
Ethics Committee of Mashhad University of Medical 
Sciences (Registered #: IR.MUMS.fm.REC.1396.516) 
prior to the implementation.

Results

Study population: A total of 204 patients, consisting 
of 98 females (48%) and 106 males (52%) were en-
rolled in the study voluntarily. The mean patients’ age 
was 40.85±2.25 years old with the minimum and maxi-
mum being 18 and 56 years old, respectively. The aver-
age dose of acetaminophen ingested by the patients was 
14.5±3.50 g, all of whom were treated successfully with 
NAC prior to discharge from the hospital.

Upon Pearson’s multiple correlation analyses of all 
variables, i.e., age, acetaminophen intoxication dosage, 
the serum concentrations for the first, second and third 
hours post ingestion, only two variables correlated well 
with the serum acetaminophen levels at 4-hour post in-
gestion. These were the serum acetaminophen levels 
representing the 3-4 h post ingestion and the acetamino-
phen dosage that caused the toxicity (Table 1). 
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The acetaminophen level versus gender: In men, if 
the serum acetaminophen level was greater than 66 µg/
mL on the first hour, the acetaminophen serum level on 
the fourth hour could be estimated reliably (r=0.141, 
P<0.001), which would approximately be 2.655±0.553 
(CI= 1.65-3.55; P<0.001) multiplied by the acetamino-
phen concentration on the first hour (Figure 1). 

The serum acetaminophen levels for women mea-
sured between the 3rd and 4th h could only estimate 19% 
(P=0.040) of the level on the fourth hour (β=1.307±0.52, 
CI= 0.8-2.06, P=0.044).

Discussion

Upon admission, for most patients with acute acet-
aminophen exposure who presented to the Emergency 
Department within 4 h post-ingestion, their serum sam-
ples were sent to the laboratory for chemistry analyses. 
However, the serum acetaminophen concentrations dur-
ing this time could not be used to determine the need for 
NAC therapy, because they could not be plotted on the 
Rumack-Matthew nomogram. The best time for starting 
the NAC therapy was between 6 to 8 h post-ingestion. 
During this period, the risk of possible hepatotoxicity 
from acetaminophen was minimal compared to starting 
the NAC therapy earlier [12, 13]. Our results demon-
strated that the acetaminophen concentration within less 
than 3 h post-ingestion could not be useful for making 

clinical decisions at all. Conversely, the serum acet-
aminophen concentrations obtained within 3-4 h post-
ingestion significantly correlated with the concentra-
tions obtained after 4 h from the ingestion.

In a study conducted by Froberg et al. [6] between 2009 
and 2011, 83 patients with acute acetaminophen expo-
sure were evaluated for the Negative Predictive Value 
(NPV) of serum acetaminophen concentrations within 4 
h post-ingestion. They reported that a serum acetamino-
phen concentration of less than 100 µg/mL obtained 
prior to 4 h post-ingestion, had 98.8% NPV for exclud-
ing the toxicity threshold (95%CI). However, due to the 
potential false-negative rate of 6.5%, they did not recom-
mend the use of serum concentrations prior to four hour 
from the acetaminophen ingestion to reliably rule out the 
toxicity [6]. Similarly, Douglas et al. [8] demonstrated 
that a serum acetaminophen concentration of <100 µg/
mL obtained between one and 4 h post-ingestion, had 
94.6% NPV. They concluded that the serum level could 
be used to exclude the need for the rescue treatment [8]. 
Although the findings of Froberg et al. [6] were similar 
to those of Douglas et al. [8], they offered different and 
unclear conclusions.

In another study on 2454 patients conducted by Yarema 
et al. [7], the serum acetaminophen levels obtained with-
in 2-4 h post-ingestion had a sensitivity of 96% and an 
NPV of 70%. Also, the co-ingestion of anti-muscarinic 

Figure 1. Correlation of serum acetaminophen levels between the first and second hours with that of post four hours

APAP: Acetaminophen.
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drugs reduced the sensitivity to 86%, and with opioids 
to 91%. They stated that the ruling decisions based on 
acetaminophen concentrations in the first 4 h after an 
acute overdose were not yet established at that time. A 
cut-off limit of 100µg/mL may sometimes lead to miss 
the dangerous acetaminophen exposures [7]. Another 
retrospective, observational study demonstrated that pre-
4-hour acetaminophen levels could not be used to decide 
for NAC therapy [14]. They also reported that co-inges-
tions of anti-cholinergic or opioid drugs with long-term 
absorption rates, can delay the NAC rescue therapy [14].

Conclusions

In conclusion, in patients with acute acetaminophen in-
toxication who present to emergency rooms within the 
first 4 h after exposure, laboratory data obtained before 
the 4-hour landmark for the serum acetaminophen lev-
els are not useful to decide the need for NAC therapy. 
Conversely, the serum acetaminophen data obtained af-
ter the 4-hour timepoint are reliable to rule in or out the 
need for NAC therapy. It is also recommended to use the 
Rumack-Matthew nomogram to determine the need for 
the rescue therapy.
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