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REVIEW

N-acetylcysteine as a treatment for amatoxin poisoning: a systematic review

Jiaming Liua, Yang Chenb, Yanxia Gaoc, Joseph Harold Wallined, Xin Lua, Shiyuan Yua, Lina Zhaoa,
Zengzheng Gea and Yi Lia

aDepartment of Emergency Medicine, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences & Peking Union
Medical College, Beijing, People’s Republic of China; bDepartment of Rheumatology and Clinical Immunology, Peking Union Medical
College Hospital, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing, People’s Republic of China; cDepartment
of Emergency Medicine, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, People’s Republic of China; dAccident and
Emergency Medicine Academic Unit, Prince of Wales Hospital, The Chinese University of Hong Kong, Hong Kong, People’s Republic
of China

ABSTRACT
Introduction: Amatoxin leads to the majority of deaths by mushroom poisoning around the world.
Amatoxin causes gastrointestinal disturbances and multiple organ dysfunction, including liver and
renal failure. As a potential treatment for amatoxin poisoning, N-acetylcysteine (NAC) has been used
for decades but its benefit is still unproven.
Objectives: We undertook a systematic review to evaluate the performance and safety of N-acetylcys-
teine on patients suffering amatoxin intoxication.
Methods: We searched Pubmed, EMBASE, CENTRAL and SinoMed databases, from inception to August
31, 2019. Articles were eligible if there were five or more patients with amatoxin poisoning and N-ace-
tylcysteine was included in the therapeutic regimen. Mortality rate including liver transplant cases
(MRLTi) was the primary outcome. Mortality rate not including liver transplant cases, liver and renal
function, clinical complications, as well as any adverse reactions to intravenous NAC were second-
ary outcomes.
Results: Thirteen studies with a total of 506 patients were included. The MRLTi of amatoxin-poisoning
patients with NAC treatment was 11% (57/506), and a MRLTe of 7.9% (40/506) and a liver transplant-
ation rate of 4.3% (22/506). Transaminase concentrations generally peaked around 3 days after inges-
tion, prothrombin time/International Normalized Ratio (PT/INR) generally worsened during the first 3–4
days after ingestion before returning to normal four to 7 days after ingestion, and Factor V levels nor-
malized in about 4–5 days after ingestion in patients treated with NAC. Renal failure was reported in
3% (3/101) and acute kidney injury was reported in 19% (5/27). Gastrointestinal bleeding occurred in
21% (15/71). Anaphylactoid reactions were the principle adverse reaction to NAC treatment in ama-
toxin-poisoning patients with an incidence of 5% (4/73).
Conclusions: NAC treatment combined with other therapies appears to be beneficial and safe in
patients with amatoxin poisoning. Until further data emerge, it is reasonable to use NAC in addition
to other treatments for amatoxin poisoning.
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Introduction

Among mushroom-derived toxins, amatoxin accounts for
more than 95% of deaths related to mushroom poisoning
[1]. Amatoxin is a potent poison that can non-covalently
bind and inhibit RNA polymerase II activity, causing a reduc-
tion in cellular mRNA and protein synthesis (especially in
liver cells [2]), finally leading to cell death [3]. Amatoxin also
induces the formation of reactive oxygen species which can
cause oxidative stress-related cellular damage, leading to
apoptosis via an interaction with TNF-a or p53 [4].

Despite a high mortality rate of between 5% and 35% in
amatoxin-poisoning patients [5], there is no confirmed anti-
dote to reverse the toxicity of amatoxin [6]. Multiple-Dose
Activated Charcoal, intravenous penicillin, intravenous or oral

silymarin/silibinin, extracorporeal elimination methods, and
liver transplantation constitute the current bundle of poten-
tial treatments [7].

N-acetylcysteine (NAC), which is hepatoprotective in para-
cetamol poisoning [8], is also a potential treatment of ama-
toxin intoxication that has been used to treat mushroom
poisoning since the early 1990s [7,9]. The first case series of
intravenous NAC treatment in amatoxin-poisoning patients
showed a lower mortality rate (8.22%) than previous studies
and therefore suggested a potential role for NAC in treating
amatoxin intoxication [10]. However, controversial results
with NAC were seen in both animal experiments and clinical
cases in later years [11,12]. Whether NAC should be routinely
used in patients with amatoxin intoxication remains an
unsettled question.

CONTACT Yi Li billliyi@126.com Department of Emergency Medicine, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences &
Peking Union Medical College, Beijing, People’s Republic of China
� 2020 Informa UK Limited, trading as Taylor & Francis Group

CLINICAL TOXICOLOGY
https://doi.org/10.1080/15563650.2020.1784428

http://crossmark.crossref.org/dialog/?doi=10.1080/15563650.2020.1784428&domain=pdf&date_stamp=2020-06-26
https://doi.org/10.1080/15563650.2020.1784428
http://www.tandfonline.com


In this article, we performed a systematic review to assess
the possible therapeutic effects of NAC on amatoxin poison-
ing patients’ mortality and organ functions.

Methods

Search strategy

We conducted electronic searches of Pubmed, EMBASE,
Cochrane Central Register of Controlled Trials (CENTRAL), and
the Chinese Biomedical Literature Database (SinoMed, in
Chinese) from their inception to August 31, 2019. Search
terms included “acetylcysteine,” “N-acetylcysteine,” “N-acetyl-
L-cysteine,” “NAC,” “amatoxins,” “amanitins,” “mycotoxins,”
“alpha-amanitin,” “amanita,” “basidiomycota,” “agaricales,”
“mushroom poisoning,” “mycotoxicosis,” “death cap,”
“destroying angel,” and “hepatotoxic mushrooms.”
Additionally, we also searched the reference lists in any
included studies.

Eligibility criteria

We included articles in this systematic review that were case
series, cohort studies or clinical trials with five or more
patients. Amatoxin poisoning was diagnosed by one of the
following criteria: (1) confirmed detectable amanitin in
patients’ blood or urine; (2) a remnant of food consumed by
patients was confirmed to be amatoxin-containing mush-
rooms; (3) a history of mushroom consumption and typical
clinical manifestations of amatoxin poisoning (e.g., vomiting,
diarrhea, and transaminase elevation). The intervention
described in the included articles had to include NAC,
regardless of dose, dosage form, duration or formula. We
excluded non-human studies and limited our search to
articles in either English or Chinese.

Outcome measures

The primary outcome was mortality rate including liver trans-
plant cases (MRLTi) because both death and liver transplant
are considered poor outcomes in cases of ama-
toxin poisoning.

MRLTi was calculated as follows:

MRLTi: mortality rate including liver transplant cases; LT:
liver transplant.

Secondary outcomes included the mortality rate excluding
liver transplant cases (MRLTe). MRLTe was calculated as the
number of deaths divided by the number of treated patients.
Additional secondary outcomes included liver function
[including transaminase, bilirubin, prothrombin time/
International Normalized Ratio (PT/INR), and Factor V levels,

as well as any occurrence of hepatic encephalopathy], renal
function (including elevated creatinine levels and any occur-
rence of renal insufficiency or renal failure), and any occur-
rence of complications in the clinical course or adverse
reactions of intravenous NAC.

Data extraction

We used a standardized data extraction form to collect the
following data from each study: (1) General information:
study ID, title, first author, and year of publication; (2) Study
characteristics: study type; (3) Participants: average age, diag-
nostic criteria, number of patients, and interval between
ingestion and admission to hospital; (4) Interventions: inter-
ventions used in treatment; dose, dosage form, duration, and
formulation of NAC treatment; (5) Outcomes: MRLTi, indica-
tors of liver and renal function, and any complications in the
clinical course or adverse reactions from intravenous NAC
(Table 1).

Results

The literature search from the electronic databases identified
213 records (211 records in English and 2 records in
Chinese). Thirteen studies met our inclusion criteria (eight
case reports with N> 5 [10,13–19] and five retrospective
cohort studies [12,20–23]). A total of 506 patients from these
13 studies were included in our final analysis (Figure 1).
Among the included articles, sample sizes ranged from 5
cases [17] to 157 cases [15].

One study reported pediatric patients with mean age of
6 years old [17]. One study distinguished pediatric patients
from adult patients, with mean ages of 15 and 34 years,
respectively [13]. The other studies did not separate pediatric
from adult patients, and reported mean ages from 32 [23] to
52 years [15]. In five studies, the diagnosis of amatoxin poi-
soning included laboratory confirmation of amatoxin in
patients’ blood, urine, or food remnants [14,15,17,20,22]. In
another seven studies, the diagnosis rested upon a history of
mushroom consumption with clinical findings typical of ama-
toxin poisoning [12,13,16,18,19,21,23]. The last study did not
specify the criteria used in arriving at the diagnosis of ama-
toxin poisoning [10].

Only some of the patients in five studies received NAC
treatment [12,13,17,19,21]. MRLTi and MRLTe were calculated
only from patients treated with NAC in two of these studies
[12,17] and from all patients in the other three studies
[13,19,21]. Indicators of liver and renal function, complica-
tions or adverse reactions to intravenous NAC, and the inter-
val between ingestion and admission to hospital were
collected from only NAC treated patients in one of the

MRLTi ¼ number of deathsþ number of LTs�number of patients who died after LT
number of treated patients
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studies [17] and from all patients in the other four studies
[12,13,19,21] as we could not distinguish this element from
NAC treatment.

As for the intervention, ten studies had detailed descrip-
tions of the dose, dosage form, duration and formula of NAC
treatment [10,14–21,23], while complete information was not
provided in three studies [12,13,22]. The most commonly
used treatments besides NAC and general supportive meas-
ures included activated charcoal, penicillin, and silymarin/sili-
binin, which were reported to be used in twelve [12–23],
nine [12–14,16–19,21,23], and eight [12,16–22] studies,
respectively. Extracorporeal elimination methods were also
used in nine studies, primarily in those patients with a short
time interval between ingesting a mushroom and starting
treatment [14,16–23]. The detailed intervention methods for
each study are listed in Table 1.

Primary outcome

Mortality rate including liver transplant cases
The overall MRLTi was 11% (57 out of 506 cases) [10,12–23],
although this ranged between 2.5% [15] and 44% [21]. As for
pediatric patients younger than 18 years old, the MRLTi was
14% (1 out of 7 cases) in two studies [13,17]. Some children
received NAC in two other studies that did not give detailed
outcomes by age, so their MRLTi rate is unknown [10,14].
The interval between ingestion and admission to hospital
ranged between 8.3 h [23] and 37.5 h [20]. The MRLTi in stud-
ies with a mean interval <24 h (early presenters) was 6.3% (9
out of 143 cases) [14,16–18,23], while the MRLTi in studies
with mean interval >24 h (late presenters) was 23% (18 out
of 80 cases) [13,19,20,22]. Three studies did not provide

interval data [10,12,21], and they were not included in the
calculation of early or late presenters.

Considering the effects of other treatments on amatoxin
poisoning, we calculated the MRLTi of patients receiving
combined treatments of NAC with silibinin/silymarin, penicil-
lin G, and extracorporeal elimination methods. Among the
studies included, silibinin/silymarin, penicillin G, and extracor-
poreal elimination methods were used in 154, 193, and 169
patients, respectively. The MRLTi of patients with both NAC
and silibinin/silymarin treatments was 10.5% (15 out of 143
cases) [12,16–18,20,22], the MRLTi of patients with both NAC
and penicillin treatments was 7.0% (9 out of 129 cases)
[12,14,16,17,23], and the MRLTi of patients with both NAC
and extracorporeal elimination treatments was 7.4% (10 out
of 136 cases) [14,16,17,20,22,23].

Secondary outcomes

Mortality rate excluding liver transplant cases and the
rate of liver transplantation
The overall MRLTe was 7.9% (40 deaths out of 506 cases),
ranging from 0% [14,17] to 34% [12]. The overall rate of liver
transplantation despite NAC treatment was 4.3% (22 out of
506 cases), ranging from 0% [10,13,20,23] to 33% [21].

Liver function
Transaminase levels, which may reflect the extent of damage
to liver cells, was recorded on hospital admission in 213
patients [12,14,16,19,20,22]. The mean AST result on admis-
sion ranged from 117 IU/L [16] to 2,130 IU/L [22] (136 IU/L
[14,16] in early presenters and 1822 IU/L [20,22] in late pre-
senters), while the median AST ranged from 159.5 IU/L [12]

Figure 1. Flowchart of the literature search and study selection.
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to 1,747 IU/L [22]. The mean ALT result on admission ranged
from 111.7 IU/L [16] to 2,295 IU/L [22] (240 IU/L [14,16] in
early presenters and 2160 IU/L [20,22] in late presenters),
while the median ALT ranged from 122 IU/L [12] to 2,111 IU/L
[22]. The peak transaminase value was attained at around 3
days after ingestion [13,14,16,18,20]. Among 124 patients
with detailed documentation [12,13,17–19], the mean peak
value of AST ranged from 2,923 IU/L [13] to 5,237 IU/L [17],
while the median peak value of AST ranged from 871 IU/L
[12] to 5,480 IU/L [18]. The mean peak value of ALT ranged
from 4,138 IU/L [13] to 5,324 IU/L [19], and the median peak
value of ALT ranged from 1,426 IU/L [12] to 6,282 IU/L [18].
Except for those studies that specifically included acute liver
failure patients, the incidence of acute liver failure in ama-
toxin poisoning patients being treated with NAC was 9% (7
out of 77 cases) in one study [16]. Acute liver failure was
also reported in two other studies, but its exact incidence
was not provided [12,20].

Impaired liver function may lead to hyperbilirubinemia
and hepatic encephalopathy due to a diminished detoxifica-
tion capacity. In studies with detailed information, the mean
bilirubin on admission ranged from 0.69mg/dL to 2.81mg/
dL [16,19,20,22] (0.69mg/dL [16] in early presenters and
1.84mg/dL [19,20,22] in late presenters), while the median
peak value of bilirubin ranged from 1.4mg/dL to 5.6mg/dL
[12,17,18]. Seven studies recorded some degree of hepatic
encephalopathy (55 cases). Cases of reported hepatic
encephalopathy included grades I–II (8 patients), grades II–III
(1 patient), grades III–IV (19 patients), and unknown grade
(27 patients) [12,17–22].

Coagulation function is an important indicator of the syn-
thetic capacity of the liver. Two studies reported PT on
admission in 88 patients with a mean of 29.4 s and 14.0 s,
respectively [14,16]. PT generally worsened within the first
3–4 days [14,16,18] and generally returned to normal during
the 4–7 days after ingestion [16,20]. Two studies reported a
mean peak PT value of 27.7 s and 55.5 s, respectively [13,17].
Four studies reported INR with values ranging from 1.1 to
10.7 on admission [12,18,21,22]. Two studies reported mean
Factor V levels on admission of 33% [20] and 78% [19], and
two studies reported a median Factor V nadir of 32% [17]
and 21% [18], respectively, which normalized in about 4–5
days after ingestion [18,20].

Renal function
Five studies recorded admission creatinine concentrations
among 156 patients with means between 0.75mg/dL and
1.58mg/dL [14,16,19,21,22] (0.78mg/dL [14,16] in early pre-
senters and 1.50mg/dL [19,22] in late presenters). Two stud-
ies reported peak creatinine concentrations on 59 patients
with medians of 0.43mg/dL and 1.13mg/dL [12,17], but
these included some patients undergoing extracorporeal
treatments. Three studies reported three cases of renal failure
with an incidence of 3% (3 out of 101 cases) [16,17,20], and
one study reported five cases of acute kidney injury (AKI)
with an incidence of 19% (5 out of 27 cases) [18]. The diag-
nostic criteria for renal failure or AKI were not provided and
probably differed between studies. Patients with AKI were

also reported in the study of Trakulsrichai et al. [12], but the
exact number of AKI patients who also had NAC treatment
was not provided.

Complications in clinical course & adverse reactions
to NAC
In the clinical course of amatoxin intoxication, gastrointes-
tinal bleeding was one of the most common complications
reported in patients with poor outcomes [21] and occurred
in 15 out of 71 cases (21%) as reported by two studies
[12,21]. The other studies did not mention the presence of
gastrointestinal bleeding. Other reported complications
included lactic acidosis (5%, 4 of 20 cases) [20], tracheal
infection (11%, 2 of 18 cases), and arrhythmia (22%, 4 of 18
cases) [21]. Arrhythmia occurred among both survivors and
patients with poor outcomes, while tracheal infections
occurred only in patients with poor outcomes [21]. The most
common adverse reaction to intravenous NAC treatment was
anaphylactoid reactions, which was reported in one study
with an incidence of 5% (4 out of 73 cases) [10]. Two other
studies reported no adverse reactions related to NAC treat-
ment during hospitalization (0/157 and 0/77 cases, respect-
ively) [15,16].

Discussion

Considering the possible protective effects of NAC as a free
radical scavenger and anti-inflammatory agent [24–27], NAC
has been used for the treatment of amatoxin poisoning for
decades and is one of the most frequently used drugs for
this purpose in the United States [28]. In vitro studies
revealed that amatoxin-treated hepatocytes showed signifi-
cantly higher viability and lower levels of apoptosis-markers
when cultured with NAC [29,30]. Although the effect of NAC
is still controversial in animal models [11,31], the mortality
rate of patients given NAC was among the lowest in ama-
toxin poisoning patients compared to those given other
monotherapies or combined therapies (ranging from 5% to
35% in a 20-year retrospective analysis) [5].

In this review, the MRLTi of amatoxin-poisoning patients
treated with NAC combined with other therapies was 11%
(57 of 506 cases), ranging from 2.5% [15] to 44% [21], with
an MRLTe of 7.9% (40 deaths in 506 cases). These large dif-
ferences between studies could be partially due to the het-
erogeneity of each study’s population, setting, or varying
availability of medical resources. Nevertheless, NAC seems to
be safe and effective in both pediatric and adult patients
with amatoxin poisoning [10,13,14,17].

Regarding the survival of amatoxin-poisoning patients,
the MRLTi of patients with NAC treatment in this review is
consistent with the results of previous studies [5,32]. In the
study by Akın et al. [23], the MRLTi of the NAC treatment
group (4%) was lower than the MRLTi of the control group
(19%), which supports the potential benefit of NAC in ama-
toxin-poisoning patients. Unfortunately, a selection bias is
apparent in other studies. Karvellas et al. [21] only studied
patients with acute liver injury or acute liver failure and had
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the highest MRLTi of 44%. Similarly, Kieslichova et al. [22]
only studied patients admitted to the ICU at a liver trans-
plant center. Their mean admission ALT (2295 IU/L) and AST
(2130 IU/L) illustrates that these patients were likely quite ill
before reaching this transplant center. Additionally, 8 and 10
cases of grade III–IV hepatic encephalopathy were reported
in these two studies, respectively [21,22], which may also
account for their relatively poor outcomes. Therefore, it is
highly likely that the actual MRLTi of all patients treated with
NAC is even lower than 11%.

In previous studies, the reported mortality rate of ama-
toxin-poisoned pediatric patients was remarkably higher than
adults (over 50%) [33,34]. According to the outcomes of
studies involving children and teenagers in this review
[10,13,14,17], the MRLTi was 14%, which is notably lower
than previous reports. Even though the number of pediatric
cases with complete information was small (only seven
cases), it is still possible that NAC is effective in reducing
mortality in this population.

The variable availability of medical resources by region,
especially intensive care services, can influence outcomes
[35]. In countries with enough medical resources, patients
may have better outcomes. We did a sensitivity analysis by
calculating the MRLTi excluding any one study to reflect the
heterogeneity of included studies. Exclusion of Locatelli et al.
[15] would lead to the highest MRLTi of 15%, and exclusion
of Trakulsrichai et al. [12] would lead to the lowest MRLTi of
9.6%, which may be partially explained by a relative differ-
ence in available medical resources in these study locations.
The outcome of amatoxin-poisoning patients not only
depends on the therapy used, but also on the interval
between mushroom ingestion and admission to hospital
[5,7]. The MRLTi in early presenters (6.3%) [14,16–18,23] was
significantly lower than the MRLTi in late presenters (23%)
[13,19,20,22]. Medical resource availability and early diagnosis
are very important in treating amatoxin poisoning.

Outcome indicators in acute liver failure patients include
prothrombin time, serum creatinine, lactate, bilirubin, and
transaminases [36–38]. Akin et al. [23] observed that AST,
ALT, and INR were lower in the NAC treatment group than in
the control group, which is consistent with a lower MRLTi in
the NAC group. The interval from ingestion to arrival at the
extremes of these indicators was very different between sur-
viving patients (4–5 days) and those with poor outcomes
(6–7 days) [19]. In amatoxin poisoning patients treated with
NAC, the highest values of transaminase and prothrombin
time were attained at around 3–4 days after inges-
tion [13,14,16,18,20].

The best combinations for treating amatoxin poisoning
remain unclear. The MRLTi of combined treatments of NAC
with silibinin/silymarin, penicillin G, and extracorporeal elim-
ination methods were 10.5%, 7.0%, and 7.4%, respectively,
which were all lower than overall MRLTi (11%). Although het-
erogeneity in these sub-analyses prevented further analysis
by treatment, it is still possible that these combined treat-
ments (with the possible exception of silibinin/silymarin)
could further improve outcomes for amatoxin-poisoning
patients also being treated with NAC.

The optimal dose and duration of NAC treatment for ama-
toxin poisoning remains unknown. Anaphylactoid reactions
to intravenous NAC treatment including rash, flushing, pruri-
tis, bronchospasm, hypotension, chest pain, and angioedema
have been reported [39]. Still, only four cases of anaphylac-
toid reactions occurred in just one study [10]. In two other
included studies, no adverse reactions occurred [15,16], while
the rest of the included studies did not mention any adverse
reactions related to NAC. We believe NAC appears safe for
use in amatoxin poisoning patients.

This study had several limitations. First, several studies
using therapies in addition to NAC were included, thus out-
comes cannot be attributed solely to NAC. Second, treatment
regimens and study populations were not consistent
between studies. Third, no prospective study of NAC treat-
ment for amatoxin poisoning has been reported, so this
review is only based on case reports, case series and retro-
spective cohort studies. Evidence strength for NAC treatment
in amatoxin poisoning may be enhanced by future studies
with more complete information reporting. An international
registry of amatoxin poisoning patients could be of immense
value for further analyses.

Conclusion

NAC treatment combined with other therapies appears to be
beneficial and safe in both adults and children with amatoxin
poisoning. Until further data emerge, it is reasonable to use
NAC in addition to other treatments for patients with ama-
toxin poisoning.
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