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ABSTRACT

Background: Interruption of the enterohepatic circulation is regarded as an effective way to treat
patients with amatoxin poisoning. Nonetheless, its effectiveness has not yet been systematically eval-
uated. Therefore, we performed a systematic review to investigate the role of enterohepatic circulation
on patient outcome and clinical laboratory values. We specifically sought to evaluate the effect of acti-
vated charcoal, which absorbs drugs and toxins in the gastrointestinal tract.

Methods: A previously established database with data extracted from case reports and series from lit-
erature, supplemented with recent publications, was used. Patient characteristics, outcome, and labora-
tory values were evaluated.

Results: We included 133 publications describing a total of 1,119 unique cases. Survival was 75 per
cent in the control group (n=452), whereas in the group treated with single or multiple doses of acti-
vated charcoal (n=667) survival was 83 per cent (P<0.001, odds ratio 1.89 [95 per cent confidence
interval 1.40-2.56]). Furthermore, no difference in peak values of alanine aminotransferase and aspar-
tate aminotransferase activities were observed, whereas peak values of total serum bilirubin concentra-
tion and international normalized ratio were statistically significantly reduced in patients treated with
activated charcoal.

Discussion: The ability of activated charcoal to enhance the elimination of amatoxin through interrup-
tion of the enterohepatic circulation offers a potentially safe and inexpensive therapy for patients in
the post-absorptive phase.

Limitations: Limitations include the potential for publication bias, the lack of universal confirmation of
amatoxin concentrations, and the inability to directly measure enterohepatic circulation of amatoxin.
Conclusion: Treatment with activated charcoal in patients with amatoxin poisoning was associated
with a greater chance of a successful outcome. Additionally, activated charcoal was associated with a
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reduction in markers of liver function, but not markers of liver injury.

Introduction

Recently, our group performed a systematic review to deter-
mine the effectiveness of silibinin, acetylcysteine, and ben-
zylpenicillin in patients with Amanita phalloides poisoning
[1]. In addition to antidote treatment, interrupting the
enterohepatic circulation is a frequently used treatment.
Previous studies have demonstrated that (naso)biliary drain-
age, interrupting the enterohepatic circulation, may have a
positive impact on patient outcome in amatoxin intoxica-
tions [2]. The effectiveness of activated charcoal, another
well-recognized method of interrupting the enterohepatic
circulation [3], has not been systematically evaluated for
amatoxin poisonings [4,5]. Therefore, we performed a

systematic review on the effects of activated charcoal on
patient outcome. In addition, we evaluated clinical labora-
tory values previously shown to be associated with out-
comes in amatoxin poisonings [1].

Materials and methods
Search strategy

For this article, published cases of Amanita spp. containing
amatoxin poisonings spanning over more than 45 years were
systemically reviewed, starting from 21 July 1975 for the first
case until 18 April 2023. The cases presented in the article
by Tan et al. [1] were used as a starting point. Additional
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case reports and case series of poisoning with amatoxin-con-
taining mushroom species, published after 31 July 2020 were
retrieved from online databases, including MEDLINE (via
PubMed), Embase, Google Scholar, and the University of
Groningen database (via SmartCat). The keywords used for
the search were: “Amanita intoxication”, “Amanita poisoning”,
“amanitin”, and “amatoxin”. After 31 July until 18 April 2023,
17 new publications were found for the keywords used. For
this study, mainly cases with amatoxin-containing Amanita
spp. were included. Other mushroom species containing
amatoxin and non-hepatotoxic Amanita spp. were excluded,
except when the amatoxin concentration in urine or blood
was measured suggesting involvement of an amatoxin-con-
taining Amanita spp. as well. Furthermore, any additional
references of the retrieved studies were checked. If these
references were relevant, they were included. The articles
obtained from the databases were grouped. Duplicate cases
in these articles were removed. Articles that were in any
other language than Chinese, Dutch, or English were
excluded. Articles that had no full-text available or were in
another language but did have an abstract in English or
Dutch were included if the abstract provided information
that met the inclusion criteria. Abstracts from case presenta-
tions at conferences were also added if they met the inclu-
sion criteria. During the following screening, the primary
researcher (JV) checked if the papers met the inclusion crite-

laboratory data and the unit conversion. See Figure 1 for the
flowchart of the selection process.

Inclusion and exclusion criteria

Patients were included if they experienced a poisoning due
to consumption of Amanita spp. containing amatoxin, if the
given treatment was described, and if the outcome was
known. Subsequently, the treatment had to be linked to the
outcome of that specific treatment. If treatment could not be
linked, the case (series) was excluded. Additionally, if an art-
icle contained a case series of amatoxin poisoning including
mushroom species with amatoxin other than Amanita spp.,
but amatoxin poisoning was classified as proven in the art-
icle, then the cases were included. Individual patients were
excluded if the mushroom they ate did not contain ama-
toxin, if they were not hospitalized, if the treatment or the
outcome of the treatment is unknown, if they had no gastro-
intestinal symptoms, if they had a previously diagnosed liver
disease, or if they had a normal liver function determined by
laboratory testing and symptoms.

Extraction of the data

Data were extracted for all included publications. Extracted
data included the treatment given, including the use of acti-
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[ Previous studies ] [ Identification of new studies via databases and registers ]
)
5 tf}g“r‘e'ife';"t';dﬁsnﬂac’;rd‘ Studies identified from
3 colleagues [1] (n = 129) delabgsss (=)
£
()
3
—/
)\
v
Studies screened & Studies excluded
(n=6) - (n=0)
v
g Report: luded:
= Studies assessed for eligibility ° ) sporisexcitidec:
@ > Did not meet inclusion criteria
] (n=6) (n=2)
%}
)
v
New studies included in review
(n=4)
—
)
° v
3
%‘ .| Total studies included in review
E g (n=133)
—

Figure 1. Flowchart of the selection process for the case reports and case series studies included in this study.



clinical laboratory values. Data were only extracted if
described and traceable to the specific case. The laboratory
data retrieved consisted of aspartate aminotransferase (AST)
activity, alanine aminotransferase (ALT) activity, total serum
bilirubin concentration, and international normalized ratio
(INR). Additional data consist of the time from ingestion to
gastrointestinal symptoms, the time until clinical care was
provided, the time spent in the hospital, and if hepatoxicity
was present. The latter was determined either by elevated
activity of liver enzymes, AST or ALT, by the description of
the symptoms, or clinical confirmation.

Classification of the data

The outcome of the treatments was either classified as a
“success” or “failure”. The treatment was classified as a
“success” when the patient survived without a liver trans-
plant. Outcomes were classified as a “failure” when the
patient survived with a liver transplant, when the patient
died, or when the patient died with a liver transplant.
Furthermore, patients were grouped in treatment with acti-
vated charcoal and treatment without activated charcoal in
order to analyze the effects of the treatment with activated
charcoal on the outcome. Lastly, treatments with the most
frequently used antidotes were scored. This includes acetyl-
cysteine, benzylpenicillin, silibinin or combinations.

Statistical analysis

For the statistical analysis, SPSS statistics software (version
28.0.1.0) was used. Descriptive analysis was used in order to
describe the patient characteristics. For each characteristic,
the total population, the median, and the range were calcu-
lated. To determine if a dataset is normally distributed, the
Kolmogorov-Smirnov test was performed. If the dataset was
normally distributed, an independent samples T-test was car-
ried out to test for significant differences in continuous data-
sets between treatments (use of activated charcoal or no use
of activated charcoal). However, if the dataset was not nor-
mally distributed then the Mann-Whitney U-test was used to
test for significant differences. Additionally, a chi-squared
test was performed to test for the correlation between the
categorical datasets and patient outcome. The independent
samples T-test was used for the determination of possible
covariables when the continuous dataset was normally dis-
tributed. The Mann-Whitney U-test was performed to test for
possible covariables when the dataset is not normally distrib-
uted. At last, logistic regression was performed to be able to
compare the successful and failed treatment outcome rates
with the usage of activated charcoal. On the basis of the
adjusted odds ratio at 95% confidence interval (Cl) calculated
with the logistic regression, the treatments and outcomes
were compared. Differences between treatment groups for
all tests were regarded significant if P < 0.05.
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Results
Descriptive analysis

We included 133 publications, six new studied were identi-
fied and 129 studies were included from the publication of
Tan et al. [1]. Two studies were excluded as they did not
meet the inclusion criteria (Figure 1). In the end, 4 additional
publications were included [6-9]. In total, 1,119 patients
were identified. An overview of the patient characteristics
and clinical laboratory values is presented in Table 1. The
clinical laboratory values and characteristics of the patients
per treatment group is presented in Table 2. Most parame-
ters were comparable between the groups. Hepatotoxicity
and antidote use were different between groups.

The majority of patients received activated charcoal as
multiple doses (59%). Only two patients (0.4%) received a
single dose of activated charcoal. For the remainder of cases
(41%) the dose was not specified. Overall treatment success
(survival) was 81% (925 of 1,119 patients). In the control
group (n=452), treatment success was 75% (Figure 2). In the
group with treated with activated charcoal (n=667), treat-
ment success was 83%. Treatment with activated charcoal
was associated with increased treatment success (P < 0.001,
OR 1.89 [95% CI 1.40-2.56]).

Comparison of clinical laboratory values

Acute liver failure is a characteristic feature of amatoxin poi-
soning. In our previous study, peak values of AST activity,
ALT activity, bilirubin concentration, and INR were found to
be associated outcomes [1]. Therefore, we compared ALT
activity, AST activity, bilirubin concentration, and INR peak
values between the two treatment groups (Figure 3). The
use of activated charcoal was not associated with significant
differences in peak AST or peak ALT activities. However, the
liver function markers of the group treated with activated
charcoal were associated with a decrease in peak bilirubin
concentration (P < 0.001) and peak INR (P < 0.05) when com-
pared to the group not treated with activated charcoal.

Potential confounders

Potential confounders were tested for their influence on the
treatment outcome (Table 3). Time from ingestion to gastro-
intestinal symptoms, hepatoxicity and antidote treatment
were identified as confounders (P < 0.01). Confounding was
not present for age, gender, time to clinical care, length of
hospital stay or publication date. The adjusted odds ratio
(AOR) 2.12 [95% Cl 1.26-3.58] indicates that treatment with
activated charcoal was still associated with an increased
treatment success after adjusting for these confounders
(P<0.01).

Subgroup analysis

Treatment with activated charcoal is a routine intervention in
the treatment of multiple intoxications. For this reason, it
could be that activated charcoal was administered but was
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Table 1. Clinical laboratory values and patient properties of the whole population (n=1,119).

Patient characteristics n (%) Median (range)
Gender
Male 176 (16)
Female 192 (18)
Not reported 751
Age (years) 391 (36) 35 (1-89)
Not reported 728
Age group
Child 105 (9)
Adult 288 (26)
Elderly 40 (4)
Not reported 686
Time from ingestion to gastrointestinal symptoms (hours) 550 (49) 10 (0-144)
Not reported 569
Time from ingestion to clinical care (hours) 314 (29) 30 (1-144)
Not reported 805
Length of hospital stay (days) 338 (30) 7 (1-151)
Not reported 781
Hepatotoxicity
Present 736 (66)
Absent 120 (11)
Not reported 263

Treatment outcome

204 (18)915 (82)

Failure
Success

Activated charcoal use
Yes 667 (60)
No 452 (40)

Usage of acetylcysteine/benzylpenicillin/silibinin
Acetylcysteine 27 (2)
Benzylpenicillin 283 (25)
Silibinin 129 (11)
Acetylcysteine/benzylpenicillin 57 (5)
Acetylcysteine/silibinin 114 (10)
Benzylpenicillin /silibinin 196 (18)
Acetylcysteine/benzylpenicillin/silibinin 153 (14)
None 151 (14)
Not reported 9 (1)

Liver blood test peak values
Aspartate aminotransferase activity (U/L) 335 (31) 1720 (12-29,042)
Not reported 784
Alanine aminotransferase activity (U/L) 372 (33) 2945 (40-1,000,000)
Not reported 747
International normalized ratio 133 (12) 3 (1-17)
Not reported 986
Bilirubin concentration (mg/dL) [mmol/L] 263 (24) 2 (1-397) [0.034 (0.01-6.78)]
Not reported 856

not mentioned in the case description. Therefore, a subgroup Discussion

analysis of cases of which it is reasonably certain that the
patients did or did not receive activated charcoal was per-
formed. This analysis included 996 patients. An overview of
the characteristics of these patients are shown in
Supplementary Table S1. The clinical laboratory values and
characteristics of the patients per treatment group are dis-
played in Supplementary Table S2. The results of this analysis
indicate a success rate of 85%. The results from the analysis
also demonstrate that treatment with activated charcoal was
still associated with an increased treatment success (P < 0.01)
with a slightly higher odds ratio (OR 2.39 [95% Cl 1.74-3.30])
and an increased adjusted odds ratio (AOR 2.30 [95% ClI
1.36-3.89]) when uncertain cases are removed. Furthermore,
the use of activated charcoal was still associated with a
decrease in peak bilirubin concentration (P < 0.001) and peak
INR (P <0.01). However, an association of activated charcoal
treatment with a decrease in peak ALT activity (P < 0.05) was
also identified.

In this study, we demonstrate that the use of activated char-
coal was associated with a positive effect on outcome of
patients with amatoxin poisoning. This effect was accompa-
nied with a reduction of peak values of bilirubin concentra-
tion and INR, but not AST or ALT activity.

Our results suggest that the enterohepatic circulation may
contribute to toxicity in amatoxin poisonings. It is important
to notice that we only indirectly studied the enterohepatic
circulation in patients. Previously, it was assumed that inter-
rupting the enterohepatic circulation is only beneficial in the
early stages of amatoxin poisonings [10]. However, in that
study, pigs were sedated by high doses of fentanyl, well
known for its gastrointestinal side effects that may have
impaired the enterohepatic circulation of amatoxin, which
may have led to false conclusions. These considerations were
recently communicated [11]. This is especially important in
light of multiple studies which concluded that amatoxins are
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Table 2. Clinical laboratory values and characteristics of the patients treated with or without activated charcoal from the whole population (n=1,119).

Patient characteristics and clinical laboratory values

Control group (n=452)

Activated charcoal group (n = 667)

Gender
Male, n (%)
Female, n (%)
Not reported, n
Age (years)
Reported, n (%)
Median (range)
Not reported, n
Age group
Child, n (%)
Adult, n (%)
Elderly, n (%)
Not reported, n
Time from ingestion to gastrointestinal symptoms (hours)
Reported, n (%)
Median (range)
Not reported, n
Time from ingestion to clinical care (hours)
Reported, n (%)
Median (range)
Not reported, n
Length of hospital stay (days)
Reported, n (%)
Median (range)
Not reported, n
Hepatotoxicity
Present
Absent
Not reported
Peak aspartate aminotransferase activity (U/L)
n (%)
Median (range)
Not reported, n
Peak alanine aminotransferase activity (U/L)
n (%)
Median (range)
Not reported, n
Peak bilirubin concentration (mmol/L) [mg/dL]
n (%)
Median (range)
Not reported, n
Peak international normalized ratio
Reported, n (%)
Median (range)
Not reported, n
Antidotes given
Yes, n (%)
No, n (%)
Not reported, n
Usage of acetylcysteine/benzylpenicillin/silibinin
Acetylcysteine, n (%)
Benzylpenicillin, n (%)
Silibinin, n (%)
Acetylcysteine/benzylpenicillin, n (%)
Acetylcysteine/silibinin, n (%)
Benzylpenicillin/silibinin, n (%)
Acetylcysteine/benzylpenicillin/silibinin, n (%)
Patient outcome
Failure, n (%)
Success, n (%)
Not reported, n

73 (16)
75 (16)
304

369 (82)
81 (18)
2

110 (24)
1867 (12-29,042)
342

115 (25)
2546 (54-27,365)
337

71 (15)
0.09 (0.02-6.79) [5.26 (1.0-397)]
381

36 (8)
4 (1-17)
416

103 (16)
117 (18)
447

71 (11)
177 (27)
31 (5)
388

350 (52)
8 (0-72)*
317

224 (34)
30 (4-138)
443

226 (39)
7 (1-151)
441

367 (55)***
39 (6)
261

225 (38)
1,608 (12-20,900)
442

257 (39)
3,120 (40-1,000,000)
410

192 (29)
0.03 (0.02-0.34) [1.75 (1.17-19.9)***
475

102 (15)

*P < 0.05, ¥*¥P < 0.01, ¥¥*P < 0.001 compared to control.

reprocessed through the enterohepatic circulation and that
interruption of this cycle may lead to improved outcomes
[2,12-14]. Future studies using radiolabelled amatoxins in
animal models could address the contribution of the entero-
hepatic circulation to amatoxin poisonings in more detail.
Other treatments that interrupt the enterohepatic circulation,
like (naso)biliary drainage, may also have beneficial effects

on patient outcome. Madhok et al. showed that the use of
continuous biliary drainage reduced the concentration of a-
and B-amanitin in the bile [2]. However, this intervention and
similar treatments were not taken into account in our study
due to the limited number of cases. Biliary drainage has
been studied in a dog model of Amanita exitialis poisonings.
In this model biliary drainage reduced the severity of the
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poisoning and a reduced increase in biochemical markers of
liver injury which was associated with a reduced maximal
concentrations and exposure to amatoxins. These findings
suggest a prominent role of the enterohepatic circulation in
patients with amatoxin poisoning [14]. In addition to absorp-
tion of toxins excreted via the bile, activated charcoal has
been shown to also absorb toxins secreted by the intestinal
mucosa suggesting that this intervention may be even more
effective [14].
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Figure 2. Effect of activated charcoal on survival outcomes of patients with
amatoxin poisonings. (A) whole database. Patients treated without activated
charcoal (control, n=452) and with activated charcoal (n=667). (B) subgroup
analysis of reasonably certain cases. Patients treated without activated charcoal
(control, n =329) and with activated charcoal (n =667). Percentage of patients
with treatment success (white) and treatment failure (black). ***P < 0.001 com-
pared to control.
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Activated charcoal was administered in the majority of
cases, typically as multiple doses. The dose and frequency of
administration, however, were quite variable. In some publi-
cations activated charcoal was administered every hour,
whereas in others activated charcoal was administered every
4-6hours [15,16]. Also, the dose varied. In some cases, dos-
ing was weight-based [16], whereas in other fixed doses
were used [17]. Future studies are required to further investi-
gate the appropriate dose and frequency.

Moreover, the effect of activated charcoal on the liver markers
is interesting. Peak bilirubin concentration and INR values are sig-
nificantly reduced in patients treated with activated charcoal,
whereas no significant reduction in peak AST or ALT activities
were observed. Therefore, use of activated charcoal did not
appear to reduce cell damage of hepatocytes. An explanation for
this could be that patients are hospitalized primarily after
24 hours. During this time most of the damage to the hepato-
cytes seems to have occurred. Nonetheless, the significant reduc-
tion in INR, suggests a recovery of the capability of the liver for
biosynthesis. Accordingly, the decrease in bilirubin concentration
compared to the control group suggests that the liver remains
more functional due to activated charcoal treatment [18], sug-
gesting that an extended exposure of the liver to the toxin may
limit the recovery of the organ. A reduced increase in liver func-
tion parameters may be clinically more relevant as these patients
may be at reduced risk of restrictions in coagulation or encephal-
opathy. Furthermore, we previously found that peak activities of

Table 3. Association of potential confounders on treatment outcome.

Characteristic P value
Gender 0.520
Age (years) 0.275
Time from ingestion to gastrointestinal symptoms (hours) 0.005
Time from ingestion to clinical care (hours) 0.129
Presence of hepatoxicity <0.001
Length of hospital Stay (days) 0.025
Publication date 0.428
Antidote(s) given <0.001
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Figure 3. Clinical laboratory peak values of important liver markers in 1,119 patients divided in treated without activated charcoal (control) and with activated
charcoal. (A) Aspartate aminotransferase activity, (B) Alanine aminotransferase activity, (C) Total serum bilirubin concentration, and (D) International normalized

ratio. *P < 0.05, ** P < 0.01, and ***P < 0.001 compared to the control.



AST and ALT, bilirubin concentration, and INR values were more
elevated in patients with fatal outcomes, indicating these to be
possible prognostic markers for patient survival [1]. Therefore, a
decrease in these values imply a positive effect of activated char-
coal on survival after amatoxin poisonings. One limitation is the
use of published case series and reports, resulting in publication
bias because publications are more inclined to highlight note-
worthy cases. As a result, extreme outcomes are more likely to be
reported, leading to a possible over- or underestimation of the
treatment effect. In most published cases, a positive outcome has
likely been reported. Therefore, the overestimation of results is
possible. Quality of care provided to the patients is also a bias
which we could not account for. Patients with intensive support-
ive treatment are more likely to survive. The setup of the study,
using individual cases and series, may, however, have compen-
sated for this. Another limitation is the accuracy of the data. This
is primarily the result of missing data. However, this also applies
to reported data due to incomplete data collection and variation
in time between the poisoning and time to clinical care. It would
be preferred to look at clinical laboratory values before and after
treatment of activated charcoal. However, this was not possible
because this data is not always reported.

Conclusion

Our study suggests that treatment with activated charcoal
was associated with increased successful treatment out-
comes, including a two times higher chance to have a suc-
cessful outcome compared with the control group. The use
of activated charcoal was also associated with a decrease in
peak bilirubin concentration and INR, providing a potential
explanation for the observed effects. Even though there are
multiple ways to interrupt the enterohepatic circulation, use
of activated charcoal is preferable as it is easy to use and
less invasive for patients.
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