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risk of anaphylaxis, and more flexibility in timing adjustments. This study aimed to
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followed by a maintenance dose, while the three-bag regimen included three separate
doses. Clinical parameters such as blood levels of aspartate aminotransferase (AST),
alanine transaminase (ALT), and alkaline phosphatase (ALP), along with demographic
data (age, gender) and poisoning characteristics (ingested dose, blood acetaminophen
levels, time of overdose), as well as adverse reactions to NAC, were examined. A total
of 61 patients participated in the two-bag group and 49 people in the three-bag group. A
significant decrease was found in AST in both groups (p < 0.05) compared to the time of
arrival, and a significant decrease in ALP was seen only in the two-bag group (p = 0.007).
No cases of hepatotoxicity or acute liver injury were observed. The two groups had no
significant difference in the average NAC consumed and the patients' adverse reaction to
NAC. The initial and discharge levels of liver enzymes ALT, AST, and ALP did not show
a statistically significant difference between the two groups. The two-bag method may
be a viable alternative to the traditional three-bag method, as it can ease the workload for
ward nurses and has not resulted in any reported deaths.

Keywords: Acetaminophen, Poisoning, Acetylcysteine, Medication Therapy
Management.

Please Cite this article as: Baradaran Kayal I, Zarei MJ, Rahimi M, Mostafazadeh B, Erfan Talab Evini P, Shadnia Sh. Comparison
of Two-Bag and Three-Bag N-acetyl cysteine Treatment Protocols in Acute Acetaminophen Poisoning: A Quasi-Experimental Study.
Int. Pharm. Acta. 2024; 7(1): e3.

DOI: https://doi.org/10.22037/Ipa.v7il.45643

1. Introduction failure, which affects about 1,000 patients in the United

States each year. The main and recommended approach
Acetaminophen abuse is the main cause of drug to the treatment of acetaminophen poisoning is the
poisoning in developed countries, and its incidence is administration of N-acetylcysteine (2-4). A significant
increasing in developing countries as well (1, 2). In 53% problem with NAC therapy is the considerable number of
of cases, acetaminophen overdose leads to acute liver patients who experience adverse reactions to the initial
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injection of the loading dose. These reactions are usually
non-anaphylactic. Allergic reactions occur within 15
minutes to an hour after receiving the loading dose. In
addition, these side effects can lead to treatment
discontinuation and premature discontinuation of NAC
(5, 6). Previous studies have shown that administering an
initial loading dose within two hours can reduce the
incidence of NAC-related side effects (3, 7-9). Recent
studies involving large numbers of patients have shown
that the use of a regimen of two bags of NAC over 20
hours, with an initial intravenous loading dose followed
by a slower infusion, can reduce the incidence of
secondary side effects. This approach has been compared
with the traditional three-bag method, which corresponds
to the same total dose in a comparable period,
emphasizing its effectiveness in the treatment of non-
allergic anaphylactic reactions (10-14).

The three-bag method involves administering 150 mg/kg
NAC in 200 ml over 1 hour, followed by 50 mg/kg over
4 hours, and finally 100 mg/kg over 16 hours (15). The
two-bag NAC regimen involves administering 200
mg/kg over 4 hours, followed by 100 mg/kg over 16
hours (13). Although several studies have investigated
the effectiveness of the two-bag regimen compared to the
three-bag regimen, more data is required to draw
definitive conclusions regarding the efficacy of the two-
bag regimen in comparison to the traditional three-bag
method (12). Despite FDA approval of the three-bag
method, debates regarding standardized treatment
protocols continue (15). Some sources argue that the two-
step regimen offers equivalent efficiency in preventing
liver injury, resulting in fewer side effects, a lower risk
of anaphylaxis, and greater flexibility in timing (11-13).
The 2NAC study, the most extensive research on this
topic, has shown that both treatments are equally
effective in preventing liver damage and reported fewer
side effects (12).

Given the high prevalence of acetaminophen poisoning
and the large number of hospitalized patients in Iran, no
study has yet been conducted comparing the two-bag
method with the three-bag method. Additionally, most of
the existing studies have compared the incidence of side
effects, medical errors, and length of hospital stay.
Besides adverse effects, we also examined the efficacy of
the regimens in reducing liver enzymes. Therefore, this
study aims to evaluate the effectiveness and adverse
effects of the two-step method compared to the three-step
method.

2.Materials and Methods

2.1 Study design and setting

This study was a prospective, double-blind, and quasi-
experimental study conducted on people who were

poisoned with a toxic dose of acetaminophen and had
high blood levels of acetaminophen who needed
acetylcysteine referred to Loghman Hakim Hospital,
Tehran, Iran, during March 2022- March 2023.

2.2 Participants

Based on a similar study (14) with a standard difference
of 0.85, and considering a 95% confidence interval and
80% power, using Altman's nomogram and factoring in a
15% dropout rate, 101 cases were needed. The study
included all hospitalized adult patients with acute
paracetamol overdose with a toxic dose (above 7.5 g)
who require acetylcysteine for treatment and patients
with a paracetamol concentration of more than 150 mg/L
four hours after overdose. Patients who did not consent
to continue the study were excluded. Those who did not
need NAC treatment, patients ate lower dose or their
paracetamol concentration was below 150 mg/L four
hours after overdose were excluded from the study.

2.3 Data collection

For the diagnosis of acute single poisoning with
acetaminophen within 24 hours, the modified Rumack-
Matthew nomogram was used with a treatment threshold
based on a paracetamol concentration of more than 150
mg/L four hours after overdose.

The following information was gathered: the patient's age
and gender, the type of paracetamol product and its
formula, the dosage of paracetamol, total acetylcysteine
dosage, any adverse reactions to acetylcysteine , the time
from poisoning to receiving acetylcysteine, mortality,
type of poisoning (intentional, post-treatment,
accidental), paracetamol concentration upon admission,
initial and discharge levels of alanine transaminase
(ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP), and non-allergic anaphylactic or
allergic reactions due to prescribed acetylcysteine. The
physician documented any adverse events after injection
NAC.

2.4 Intervention

A double-blind method was used for randomization. The
treatment regime was concealed in opaque sealed
envelopes labeled 'A' for two-bag and 'B' for three-bag.
An objective administrator not involved in patient care
randomly selected these envelopes. No one knew their
assigned group, eliminating the potential for bias. NAC
administration regimens include:

Two-bag 1V acetylcysteine regimen: Administer 200
mg/kg over four hours followed by 100 mg/kg over 16
hours.
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- Three-bag IV acetylcysteine regimen: Administer 150
mg/kg in 200 ml over 1 hour, then 50 mg/kg over 4 hours,
and finally 100 mg/kg over 16 hours.

2.5 Statistical Analysis

SPSS software version 21 was utilized for data analysis.
The normality of the population was evaluated using the
Kolmogorov-Smirnov test. Independent and paired t-
tests were applied for parametric data, while Chi-square
and Mann-Whitney U test were used for non-parametric
data. A significance level of p<0.05 was considered.
Pearson correlation was employed to explore potential
correlations between various continuous variables.

3. Results and Discussion

Sixty-one individuals participated in the two-bag group,
comprising 30 men and 31 women. On the other hand,
the three-bag group consisted of 21 men and 28 women.
The age distribution of the Two Bag NAC Prescription
group ranged from 19 to 45 years, with an average age of
35.17+5.08 years. The Three Bag NAC Prescription
group included participants aged 21 to 54, with an
average age of 34.84+4.26 years. The two groups did not
show any statistically significant difference in terms of
age and sex. No statistically significant difference was
found between the two groups in the initial levels or
during the discharge of liver enzymes ALT, AST, and
ALP (Table 1 and 2).

In terms of drug intake, no significant difference was
observed in the two groups, the amount of
acetaminophen consumed, the patient's weight, the time
gap between drug intake and initial tests, and the
acetaminophen serum level. In the two-bag group, 98.4%
(60 people) had taken acetaminophen in a suicide
attempt, while in the three-bag group, 93.9% (46 people)
had done the same. After reviewing the patients' histories,
the researchers found that in the two-bag group, 1.69%
(one person) consumed alcohol, 8.03% (five people)
smoked, and 3.38% (two people) had a drug addiction. In
the three-bag group, 14.26% (seven people) smoked, and
2.04% (one person) consumed alcohol. In the two-bag
group, one person had depression (1.69%) and one
person had hyperthyroidism (1.69%), while in the three-
bag group, one person had hyperthyroidism (2.04%) and
two people had depression (4.08%). One person in the
three-bag group died, and the other patients recovered.
No deaths were observed in the two-bag group.

In the two-bag group, 23 people (37.7%) had erythema
with urticarial, 27 people (44.3%) had no symptoms, and
no case of anaphylactic shock was observed. In the three-
bag group, 13 people (26.5%) had erythema with
urticaria, 21 people (42.9%) had no adverse event, one

Table 1. Comparison of Study Variables Between Two
and Three-Bag Group.

Method of NAC Prescription

Two-Bag Three-Bag p.
Mean£SD / MeanxSD/ value
N (%) N(%)
Total number 61 49 -
Gender, female 31(50.8%) 28 (57.1%)  0.69
Age, year 35.17£20.08 34.84+22.26  0.50
Ingested
acetaminophen 10.67+5.9 10.52+6.2 0.89
dose (gr)
We'ght(g)pa“e”t 665141404 63.98+1005 0.29
Blood
acetaminophen 61.64+68.7  69.54+68.8  0.55
levels (gr/ml)
Initial AST level
(/L) 31.1+24.7 29.7+18 0.72
Initial ALT level
(L) 23.07+£18.8 22.96%19.1 0.97
Initial ALP level
(UIL) 167.94£58.7 172.6£72.2 0.71
Duration between
e 58+31 084
level check
(hours)
Vil ’E'éi‘)c dose 4614016 56408  0.73
NACstarttime 5 57,54 4128  0.10
(Hours)
Initial AST level
(UIL) 28.43+25.1 25.6£9.4 0.45
Initial ALT level
(/L) 22.97+£18.3 21.63+16.04 0.67
Initial ALP level
(UIL) 161.8+58.2 174.8+72.4 0.31
Death 0 1(2.04%)  0.44
Alanine Transaminase (ALT), Aspartate

Aminotransferase (AST), Alkaline Phosphatase (ALP),
N-Acetyl cysteine (NAC)

case of anaphylactic shock was observed, and three
people (6.125%) only had a headache. The mean total
amount of NAC administered in the two-bag group was
4.61+0.6 grams, while in the three-bag group, it was
5.6+0.8 grams. There was no significant difference
between the two groups in the average NAC consumed
and adverse reactions of patients to NAC.

The results of the paired t-test showed a significant
decrease in AST in both groups (p<0.05), and a
significant decrease in ALP was seen only in the two-bag
group (p=0.007). No significant difference was observed
in the two groups' ALT levels at the initial and discharge
times. No cases of hepatotoxicity (ALT above 1000
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Table 2. Comparison of the levels of liver enzymes before and after in two groups receiving two bags and three bags

of NAC. *P<0.05

Before Treatment After Treatment P-value
AST (U/L) 31.1+24.7 28.43+25.1 0.04*
Two-bag ALT (U/L) 23.07+18.8 22.97+18.3 0.92
ALP (U/L) 167.9458.7 161.8+58.2 0.007*
AST (U/L) 29.7+18 25.6+9.4 0.03*
Three-bag ALT (U/L) 22.96+19.1 21.63+16.04 0.16
ALP (U/L) 172.6+72.2 174.8£72.4 0.62

units/liter) and acute liver injury (aminotransferases
above 150 units/liter) were observed.

This study was conducted on patients with
acetaminophen poisoning to compare the two-bag and
three-bag NAC (N-acetylcysteine) regimens.

The results showed no significant difference between the
two methods. However, in the two-bag group, no cases
of death or anaphylactic shock were observed. In the two-
bag regimen, AST and ALP levels showed a significant
decrease between, while in the three-bag group, only
AST levels decreased significantly. In a study by Wong
and Graudins, which examined non-allergic anaphylactic
reactions in the two-bag and three-bag regimens, the
findings indicated that non-allergic anaphylactic
reactions were more frequent in the three-bag regimen
compared to the two-bag regimen. However, no
significant difference was found between the two
methods in terms of gastrointestinal reactions (13).
Similarly, in the present study, no significant difference
in non-allergic anaphylactic reactions was found between
the two groups, possibly due to the limited number of
patients in this study. In another study evaluating the
effectiveness of the two NAC regimens, the results
showed that 3.1% and 2.9% of patients developed acute
liver injury (ALI) in the two-bag and three-bag regimens,
respectively, 4 to 8 hours after the overdose. The
incidence of liver toxicity was 1.2% and 1.6% in the two-
bag and three-bag regimens, respectively. Additionally,
21% and 23% of patients in the two-bag and three-bag
regimens developed ALI, respectively. This study
demonstrated fewer non-allergic anaphylactic reactions
in the two-bag regimen, affecting both skin and systemic
responses (12). Moreover, no cases of liver toxicity or
acute liver injury were observed. By the end of the
treatment, the average ALT levels in both groups were
lower than at the beginning. No significant difference in
side effects related to NAC was observed between the
two groups. In Syafiraa et al.’s study on these two
regimens, slight differences in elevated ALT levels, liver
toxicity, and acute liver injury were reported, although
these differences were minor (14). None of these

conditions were found in our study. The present study did
not report any significant statistical differences in liver
enzyme levels or side effects between the two NAC
regimens. In contrast, in O’Callaghan et al.’s study, the
two-bag regimen was associated with significantly
shorter delays during the IV administration of NAC
compared to the three-bag regimen. Notably, non-allergic
anaphylactic reactions were more common in the three-
bag group and were associated with longer delays (16).
Daoud et al.’s study found that 6.0% of admissions
experienced anaphylactic reactions. The two-bag
regimen was associated with fewer anaphylactic
reactions (17). This study did not find any cases of
anaphylactic shock in the two-bag group, and only one
case was observed in the three-bag group, which was not
statistically significant. Schmidt et al. observed that the
two-bag group had a lower incidence of non-allergic
anaphylactoid reactions (NAARS) (4%) compared to the
three-bag group (17%). Liver toxicity occurred in 4% of
patients overall, with no significant difference between
the groups, and there were no serious outcomes. Patients
in the two-bag group experienced fewer interruptions or
delays (5%) compared to the three-bag group (12%).
Medication errors were reported in only 1% of cases (18).
Our study also did not find any cases of anaphylactic
shock in the two-bag group, with only one case in the
three-bag group, which was not statistically significant.
No fatalities were reported. A systematic review of the
two regimens showed that the two-bag NAC regimen
seems to provide similar outcomes to the traditional
three-bag regimen in preventing liver injury in patients
with acetaminophen poisoning, but with fewer side
effects, fewer treatments for adverse events, and fewer
interruptions in antidote therapy (19). In our study, no
cases of death or anaphylactic shock were observed in the
two-bag group, and significant reductions in AST and
ALP levels were seen before and after treatment.

Sudanagunta et al. reported the following findings from
a study on the two NAC regimens in pediatric
acetaminophen poisoning. A total of 243 patients were
studied. No difference was found in overall NAARs (p =
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0.54). Fewer non-allergic skin anaphylactoid reactions
were seen in the two-bag group (3 vs. 15, p = 0.02).
Medication errors were significantly reduced in the two-
bag regimen (21 vs. 59, p = 0.01). There was no statistical
difference in length of stay, ICU admission,
transplantation, or death (11). In our study, no deaths or
anaphylactic shock cases were observed in the two-bag
group, and no cases of liver toxicity were reported.
Kathryn A. Glass reported that NAAR was diagnosed in
11 patients, with no difference between groups.
Similarly, no difference in acute liver injury was
observed. Prescription errors were significantly lower in
the two-bag group (OR 0.24) after adjustment for
confounding factors (20). McNulty also concluded that
there were fewer anaphylactoid reactions (itching, rash,
and swelling) with the two-bag regimen, less use of
antihistamines in the two-bag group, and no difference in
the incidence of liver toxicity (21). Similarly, in our
study, no significant differences between the two
methods were found. No deaths or anaphylactic shock
cases were observed in the two-bag group, and no cases
of liver toxicity or acute liver injury were detected.

The sample size for some specific adverse events was
small, potentially affecting the robustness of the present
findings. Moreover, the study focused on specific criteria
for hepatotoxicity, and other potential markers of liver
function were not comprehensively examined. The study
also relied on data from patient records, which might
introduce variations in the accuracy and completeness of
information. Ultimately, external factors such as
variations in patient management protocols or treatment
practices might have influenced our results.

4. Conclusion

Comparison of patient parameters in both methods did
not show a significant difference in their effectiveness,
and the two-bag method performed similarly to the three-
bag method. The two-bag treatment also resulted in a
significant reduction in AST and ALP levels after
treatment, while the three-bag method significantly
reduced AST levels only. Regarding the reduction of
allergic and non-allergic reactions and the lack of
significant liver toxicity in the two-bag method in most
studies, as well as the reduction in patient hospitalization
duration and medical errors, the two-bag method appears
to be a suitable alternative to the traditional three-bag
method. It can reduce the workload for nursing staff and
lead to fewer complications and lower mortality rates.
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