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Abstract
Background & Aims: Published estimates of survival associated with mushroom (amatoxin)-induced acute liver failure (ALF)

and injury (ALI) with and without liver transplant (LT) are highly variable. We aimed to determine the 21-day survival associ-

ated with amatoxin-induced ALI (A-ALI) and ALF (A-ALF) and review use of targeted therapies. Methods: Cohort study of

all A-ALI/A-ALF patients enrolled in the US ALFSG registry between 01/1998 and 12/2014. Results: Of the 2224 subjects in

the registry, 18 (0.8%) had A-ALF (n = 13) or A-ALI (n = 5). At admission, ALF patients had higher lactate levels (5.2 vs.

2.2 mM, P = 0.06) compared to ALI patients, but INR (2.8 vs. 2.2), bilirubin (87 vs. 26 lM) and MELD scores (28 vs. 24) were

similar (P > 0.2 for all). Of the 13 patients with ALF, six survived without LT (46%), five survived with LT (39%) and two died

without LT (15%). Of the five patients with ALI, four (80%) recovered and one (20%) survived post-LT. Comparing those

who died/received LT (non-spontaneous survivors [NSS]) with spontaneous survivors (SS), N-acetylcysteine was used in nearly

all patients (NSS 88% vs. SS 80%); whereas, silibinin (25% vs. 50%), penicillin (50% vs. 25%) and nasobiliary drainage (0

vs. 10%) were used less frequently (P > 0.15 for all therapies). Conclusion: Patients with mushroom poisoning with ALI have

favourable survival, while around half of those presenting with ALF may eventually require LT. Further study is needed to

define optimal management (including the use of targeted therapies) to improve survival, particularly in the absence of LT.
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Mushroom poisoning is associated with significant mor-
bidity and mortality. Amanita phalloides, ‘death cap,’
accounts for over 90% of lethal ingestions (1). From
2002 to 2005, the American Association of Poison Con-
trol Centres estimated that between 40 to 50 exposures
to amatoxin-containing mushrooms occurred per year,
resulting in five fatal cases in total (2).

Two types of mushroom-related toxins have been
described: amatoxin and phalloidin (phallotoxin). Phal-
lotoxin disrupts the cellular membrane of enterocytes
(3), and is believed to be responsible for the gastroin-
testinal symptoms of mushroom poisoning (4, 5). Ama-
toxin, on the other hand, inhibits protein synthesis
within enterocytes and hepatocytes (6), thereby result-
ing in hepatocellular injury and possible hepatic failure
(7). The mainstays of treatment for amatoxin poisoning
are: primarily supportive care (organ support), detoxifi-
cation procedures (charcoal, haemoperfusion, extracor-
poreal liver support), chemotherapeutic agents
(penicillin, silibinin), and in severe cases, liver trans-
plantation (LT).

The prognosis of amatoxin poisoning is uncertain
and the optimal treatment strategy remains unclear.
Published studies to date have reported widely variable
mortality rates, ranging from 0 to 100% (3, 8, 9). These
differences likely arise because of significant heterogene-
ity between study populations – with respect to the rates
of acute liver injury (ALI) and acute liver failure (ALF)
– as well as potential reporting bias. Notably, few studies
have specifically examined the short- and long-term
outcomes of patients who developed amaxotin-induced
acute liver injury (A-ALI) and amatoxin-induced acute
liver failure (A-ALF) (10).

Using data from the United States Acute Liver Failure
Study Group (US ALFSG) registry from 1998 to 2014,
we sought:

1 To describe the characteristics of A-ALI and A-ALF in
North America over a 17 year period; and,

2 To determine mortality and transplantation rates in
patients with A-ALF.

Materials and methods

Study design and setting

We assembled a cohort from the United States ALF
Study Group (US ALFSG), a registry of 2224 patie-
nts with acute liver failure (ALF) and acute liver
injury (ALI) with enrolment between January 1998 to
December 2014 (including 32 sites overall, 16 cur-
rently active; see acknowledgements). A total of 18
patients were identified as having developed severe
hepatotoxicity from Amanita phalloides (13 ALF, five
ALI). Patient consent was obtained from all patients
upon inclusion into the ALFSG registry. All participat-
ing sites (California Pacific Medical Centre, University
of California Davis, University of California San Fran-
cisco, Oregon Health Sciences Centre, University of
Washington, University of Alberta, Northwestern
University, University of Pittsburg, Virginia Common-
wealth University, and Yale University Medical Cen-
ter) had approval from local institutional review/ethics
boards.

Participants

ALFSG registry eligibility criteria for ALF was defined
by (a) the presence of hepatic encephalopathy of any
degree; (b) evidence of moderately severe coagulopa-
thy [i.e., international normalized ratio (INR) ≥1.5];
(c) presumed onset of acute illness of <26 weeks; and
(d) the absence of cirrhosis (11). Patients with ALI
were defined by (a) evidence of moderately severe
coagulopathy (INR ≥2.0); (b) presumed onset of
acute illness <26 weeks; and (c) the absence of
cirrhosis (11). For our study, only patients with the
primary diagnoses of A-ALF and/or A-ALI were
included.

Operational definitions

Hepatic encephalopathy (HE) grade was defined using
the West Haven Criteria (summarized): grade 1: any
alteration in mentation; grade 2: being somnolent or
obtunded but easily rousable or presence of asterixis;
grade 3: being rousable with difficulty; and grade 4:
unresponsive to deep pain (12). In this study, we
defined ‘low coma grade’ as grades 1 or 2 and ‘high
coma grade’ as grades 3 or 4. As in previous studies, we
used the King’s College Criteria for non-acetamino-
phen-ALF as a predictor of poor outcome (death/trans-
plant), namely: (a) INR > 6.5 or (b) any three out of
five of the following: patient age <10 or >40 years,
serum bilirubin >300 lM (17.5 mg/dl), duration of
jaundice before the onset of hepatic encephalopathy
>7 days, INR >3.5, aetiology unrelated to hepatitis A/B
or any drug-induced liver failure (13). The model for
end-stage liver disease (MELD) was applied, as previ-
ously defined (14).

Key Points

• This is the largest North American study to assess
amatoxin-induced acute liver failure (ALF) and acute
liver injury (ALI).
• Patients with amatoxin-induced ALI have a
favourable prognosis, even with severe coagulopathy.
• While some patients with amatoxin-induced ALF
may require liver transplant, nearly half appear to
recover without transplant despite the presence of
organ failure.
• Further study is needed to define optimal manage-
ment strategies (including the use of amatoxin-tar-
geted therapies) associated with improved survival,
even in the absence of transplant.

Liver International (2016)
© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd1044

Mushroom-induced ALF Karvellas et al.



Outcomes

Our primary outcome was 21-day transplant free (spon-
taneous) survival (SS). Secondary outcomes included
listing for and/or receipt of liver transplantation (LT).
Covariates included demographics (age, gender), bio-
chemical profile and requirement for organ support and
therapies to mitigate intracranial hypertension. Data
were presented comparing A-ALF (n = 13) vs. A-ALI
(n = 5) patients, as well as spontaneous survivors (SS,
n = 10) vs. those who died or required LT (non-sponta-
neous survivors, NSS, n = 8). Spontaneous survival was
defined as survival at 21 days after enrolment without
LT. Patients were listed for LT according to the UNOS
standard (status 1; see http://optn.transplant.hrsa.go
v/contentdocuments/optn_policies.pdf), provided there
were no contraindications. Decisions for listing were
made on a site by site basis as there was no standardized
protocol through the ALFSG. For those listed for LT,
the decision to proceed with LT was made locally by the
surgeon and hepatologist based on the patient’s clinical
status. King’s College Criteria (non-acetaminophen)
and other clinical variables (e.g. lactate) were also used
as to guide decision-making.

Data sources and collection

Data were collected prospectively as part of the US
ALFSG. As a part of this registry, data were routinely
collected on a daily basis for the first week after patient
enrolment. Data assessed in this study included demo-
graphics (age, race, sex), biochemistry, requirement for
organ support [mechanical ventilation (MV), vasopres-
sors, continuous renal replacement therapy (CRRT)]
during the first 7 days and selected clinical outcomes
(LT, 21-day survival). Data were also collected on the
use of amatoxin-directed therapies [N-acetylcysteine
(NAC), silibinin, charcoal, benzyl penicillin, nasobiliary
drainage, haemoperfusion, molecular adsorbent recircu-
lating system (MARS)]. NAC was given as per institu-
tional protocols for ALF; typically 140 mg/kg IV initial
dose, then 70 mg/kg for 17 h then continued at the
same concentration at the discretion of the clinician.
The average duration of NAC treatment was 4 days.
When given, activated charcoal was administered as
50 mg every 4 h for a total of four doses. Silibinin was
administered to patients with a 5 mg/kg loading dose
followed by 20 mg/kg/day via continuous infusion until
recovery, death or transplant. Benzyl penicillin/peni-
cillin G was given at doses of 300 000–1 000 000 IU/kg
for up to 72 h.

Statistical analysis

Statistical analysis was performed using SPSS (Version
22.0; IBM Corp, Armonk, NY, USA) and SAS 9.4 (SAS
Institute Inc., Cary, NC, USA). For differences between
groups (ALF, n = 13; ALI, n = 5; spontaneous survivors

n = 10; non-spontaneous survivors n = 8), categorical
variables were compared using the Fisher’s exact test.
For continuous variables, the Student’s t-test or Wil-
coxon rank–sum test were used for comparisons, where
appropriate. Missing data were handled by allowing the
sample size to float; missing data were uncommon. A P-
value of <0.05 was considered statistically significant for
all comparisons.

Systematic review

We performed a comprehensive search of MEDLINE
(January 1985–May 2015) to identify all published
observational studies reporting on A-ALI and A-ALF.
This is presented in detail in File S2.

Results

Descriptive information

Eighteen patients presented with A-ALI/A-ALF between
January 1998 and December 2014, representing 0.8% of
the 2224 patients enrolled in the US ALFSG registry.
Nine patients were White (50%), eight were Asian
(44%) and one was a Pacific Islander (6%). Ingestions
occurred throughout North America; eight were in Cali-
fornia, three in Pennsylvania, two in Connecticut, and
one each in Oregon, Illinois, Washington, Virginia and
Alberta (Canada). There were 12 males (67%) and six
females (33%).

Time of ingestion of mushrooms was available for 10
patients. Overall mean time from ingestion to admission
to study was mean 4 days. Comparing the six sponta-
neous survivors against the four non-spontaneous sur-
vivors (three transplant, one death) where data on
ingestion time were available, the time from ingestion to
admission did not differ significantly between sponta-
neous survivors and those who died/required LT (3.5 vs.
4.5 days respectively; P = 0.4).

Acute liver failure vs. acute liver injury

Patient characteristics of the 13 individuals with A-ALF
and five with A-ALI are summarized in Table 1. There
were no statistically significant differences between A-
ALF and A-ALI patients with respect to age (median 51
vs. 44 years; P = 0.7) or gender (39 vs. 20% female;
P = 0.6). Individuals with A-ALF tended to have higher
serum lactate levels on admission (5.2 vs. 2.2 mM

respectively; P = 0.06), but other variables including
INR (2.8 vs. 2.2), bilirubin (87 vs. 26 lM) and MELD
scores (28 vs. 24) were not significantly different
(P > 0.2 for all). A-ALF patients were more likely to
require MV during the initial 7 days (77% vs. 0 respec-
tively; P = 0.006) with a non-significant trend towards
increased requirements for renal replacement therapy
(54% vs. 0% respectively; P = 0.10). A-ALF patients
were also more likely to receive fresh frozen plasma dur-
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ing the first 7 days of observation (77% vs. 20% respec-
tively; P = 0.047). Eight of the 13 A-ALF patients
(61.6%) had a West Haven hepatic coma grade of III or
greater.

When examining amatoxin therapies in patients with
A-ALF, 85% (n = 11) received NAC, 23% (3) silibinin,
23% (3) charcoal, 39% (5) penicillin and one patient
(8%) underwent nasobiliary drainage. Among those
with A-ALI, everyone (n = 5) received NAC, 80% (4)
received silibinin, 60% received charcoal and one
patient (20%) received penicillin.

Of the 13 A-ALF patients, six patients survived
spontaneously (46%), whereas five required LT
(39%) and two eventually died without LT (15%),
of which one was listed for potential LT. Of the five

A-ALI patients, four (80%) survived spontaneously
and one (20%) received liver transplantation for sev-
ere refractory coagulopathy in the absence of
encephalopathy.

Spontaneous survivors vs. death/transplant

Differences between non-spontaneous survivors (NSS)
(n = 8) and spontaneous survivors (SS) (n = 10) are
shown in Table 2. Among the eight NSS, two patients
died, one at 13 days and the other at 14 days after inges-
tion; one death was from Aspergillus pneumonia, the
other from multiorgan failure (while listed for LT). Six
patients (ALF = 5, ALI = 1) successfully received LT.
No SS were listed for LT. NSS were more often female

Table 1. Demographical, clinical and biochemical parameters in patients with mushroom intoxication (N = 18)

N
Acute liver failure (N = 13)

N
Acute liver injury (N = 5)

P-valueNumber (%) or median (IQR) Number (%) or median (IQR)

Age 13 51.0 (38.0–57.0) 5 44.0 (44.0–52.0) 0.73
Sex (female) 13 5 (38.5%) 5 1 (20.0%) 0.62

Admission biochemistry
Haemoglobin (g/dl) 13 11.9 (9.5–13.9) 5 13.0 (13.0–15.0) 0.24
White blood count (9109/L) 13 7.8 (4.4–11.6) 5 8.5 (8.4–9.1) 0.69
Platelet count (9109/L) 13 98.0 (54.0–174.0) 5 149.0 (137.0–155.0) 0.28
INR 13 2.8 (2.2–3.2) 5 2.1 (2.0–10.7) 1.0
ALT (IU/L) 13 2633.0 (1105.0–5260.0) 5 4830.0 (2728.0–5728.5) 0.32
Bilirubin (lM) 13 87 (49–201) 5 26 (12–77) 0.2
Ammonia (venous; lM) 7 61.0 (32.0–90.0) 2 32.5 (19.0–46.0) 0.30
Creatinine (mg/dL) 13 1.3 (0.9–3.0) 5 0.7 (0.6–1.0) 0.11
Lactate (mM) 9 5.2 (3.5–6.5) 3 2.2 (1.8–2.2) 0.06
Phosphate (mg/dL) 13 3.1 (2.7–4.3) 5 2.3 (2.2–2.5) 0.17
MELD (admission) 13 27.7 (21.5–34.8) 5 23.9 (22.1–35.6) 0.76
Maximum coma grade III or IV (inpatient) 13 8 (61.6%) 0

Amatoxin therapies
NAC 13 11 (84.6%) 5 5 (100.0%) 1.0
Silibinin 13 3 (23.1%) 5 4 (80.0%) 0.04
Charcoal 13 3 (23.1%) 5 3 (60.0%) 0.27
Penicillin 13 5 (38.5%) 5 1 (20.0%)
Nasobiliary drainage 13 1 (7.7%) 5 0 (0.0%) 1.0

Organ support (inpatient)
Mechanical ventilation 13 10 (76.9%) 5 0 (0.0%) 0.006
Vasopressors 13 5 (38.5%) 5 0 (0.0%) 0.25
Renal replacement therapy 13 7 (53.9%) 5 0 (0.0%) 0.10

Blood products (inpatient)
Fresh frozen plasma 13 10 (76.9%) 5 1 (20.0%) 0.047
Platelets 13 4 (30.8%) 5 0 (0.0%) 0.28
Packed red blood cells 13 4 (30.8%) 5 1 (20.0%) 1.0

Complications (inpatient)
Arrhythmia 13 3 (23.1%) 5 1 (20.0%) 1.0
GI bleeding 13 3 (23.1%) 5 0 (0.0%) 0.52
Abnormal brain CT or MRI 7 3 (42.9%) 0
Tracheal infection 13 2 (15.4%) 5 0 (0.0%) 1.0

Outcomes at 21 Days
Death 13 2 (15.4%) 5 0 (0.0%) 1.0
Waitlisted for transplant 13 6 (46.2%) 5 1 (20.0%) 0.59
Transplanted 13 5 (38.5%) 5 1 (20.0%) 0.61
Spontaneous survival 13 6 (46.2%) 5 4 (80%) 0.31

ALT, Alanine Aminotransferase; IQR, Interquartile range; INR, International normalized ratio; KCC, King’s College non-acetaminophen criteria; MELD,

Model for end-stage liver disease.
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(63% vs. 10%; P = 0.043). There were no statistically
significant differences in admission biochemistry
between NSS and SS except for a non-significant trend
towards higher serum phosphate levels in NSS (3.1 vs.
2.6 mg/dl; P = 0.10).

Thirty percent (n = 3) of SS patients had a West
Haven hepatic coma grade III or higher as compared to
63% (n = 5) of NSS patients (P = 0.16). There were no
significant differences in requirements for MV, vaso-
pressors, nor renal replacement therapy between NSS
and SS during the 7 days of theis study (P > 0.14 for
all).

Among the eight NSS, seven (88%) received NAC,
two (25%) received silibinin, one (12.5%) received

charcoal and four (50%) penicillin. By contrast, of the
10 individuals with SS, eight (80%) received NAC, five
(50%) silibinin, two (20%) penicillin one (10%) naso-
biliary drainage (P > 0.15 for all therapies).

When examining complications, none of the 18
patients developed bloodstream infections and only two
developed positive tracheal aspirates. Gastrointestinal
bleeding occurred more commonamong those with NSS
(38% vs. 0%, P = 0.07 trend).

Systematic review

We identified 24 studies with A-ALI and A-ALF from
our comprehensive search of the literature, as presented

Table 2. Demographical, clinical and biochemical parameters in patients with mushroom intoxication by spontaneous survival status at 21-
day post-registry enrolment (N = 18)

N
Non-spontaneous survival (N = 8) Spontaneous survival (N = 10)

P-valueNumber (%) or median (IQR) Number (%) or median (IQR)

Injury type (ALF) 8 7 (87.5%) 10 6 (60.0%) 0.31
Age 8 50.0 (38.0–56.0) 10 48.5 (44.0–55.0) 0.93
Sex (female) 8 5 (62.5%) 10 1 (10.0%) 0.043
Admission biochemistry

Haemoglobin (g/dl) 8 11.8 (10.6–15.9) 10 13.0 (9.5–13.9) 0.96
White Blood count (9109/L) 8 7.6 (4.1–10.0) 10 8.8 (7.8–11.6) 0.19
Platelet count (9109/L) 8 127.5 (54.0–169.0) 10 117.5 (66.0–174.0) 0.89
INR 8 3.0 (2.3–4.2) 10 2.2 (1.8–3.0) 0.37
ALT (IU/L) 8 3314 (1746–6041) 10 2928 (1105–5260) 0.82
Bilirubin (lM) 8 82 (51–95) 10 44 (12–243) 0.69
Ammonia (venous; lM) 6 47.5 (32.0–69.0) 3 46.0 (19.0–90.0) 0.89
Creatinine (lM) 8 80 (71–194) 10 133 (53–168) 0.89
Lactate (mM) 5 5.0 (3.5–5.2) 7 2.6 (1.8–6.5) 0.57
Phosphate (mg/dL) 8 3.1 (2.8–6.6) 10 2.6 (2.2–3.5) 0.10
MELD (admission) 8 26.7 (19.7–38.2) 10 27.3 (22.1–34.8) 0.96
Maximum coma grade III/IV (inpatient) 8 5 (62.5%) 10 3 (30.0%) 0.16
Met KCC (inpatient) 8 2 (25%) 10 2 (20.0%) 1.0

Amatoxin therapies
NAC 8 7 (87.5%) 10 8 (80.0%) 1.0
Silibinin 8 2 (25.0%) 10 5 (50.0%) 0.37
Charcoal 8 1 (12.5%) 10 5 (50.0%) 0.15
Penicillin 8 4 (50.0%) 10 2 (20.0%) 0.32
Nasobilliary drainage 8 0 (0.0%) 10 1 (10.0%) 1.0

Organ support (inpatient)
Mechanical ventilation 8 5 (62.5%) 10 5 (50.0%) 0.66
Vasopressors 8 3 (37.5%) 10 2 (20.0%) 0.61
Renal replacement therapy 8 5 (62.5%) 10 2 (20.0%) 0.14

Blood products (inpatient)
Fresh frozen plasma 8 8 (100.0%) 10 3 (30.0%) 0.004
Platelets 8 3 (37.5%) 10 1 (10.0%) 0.27
RBC 8 4 (50.0%) 10 1 (10.0%) 0.12

Complications (inpatient)
Arrhythmia 8 3 (37.5%) 10 1 (10.0%) 0.27
GI bleeding 8 3 (37.5%) 10 0 (0.0%) 0.068
Abnormal brain CT or MRI 4 2 (50.0%) 3 1 (33.3%) 1.0
Tracheal infection 8 2 (25.0%) 10 0 (0.0%) 0.18

Outcomes at 21 Days
Waitlisted for transplant 8 7 (87.5%) 10 0 (0.0%) 0.0003
Transplanted 8 6 (75.0%) 10 0 (0.0%) 0.0015

ALF, Acute liver failure; ALT, Alanine Aminotransferase; IQR, Interquartile range; INR, International normalized ratio; KCC, King’s College non-aceta-

minophen criteria; MELD, Model for end-stage liver disease.
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in File S2. Mortality rates in A-ALF varied greatly, rang-
ing from 0 to 100% (9, 15). Meta-analysis was not possi-
ble because of the rare event rate (i.e., frequently
reported to be <1%).

Discussion

Summary of key results

In our study of 18 patients with amatoxin poisoning
from the US ALFSG registry, we found that the overall
survival in A-ALF was 85% with spontaneous survival
46%. As expected, A-ALI patients demonstrated excel-
lent overall (100%) and spontaneous (80%) survival
rates, considerably better than the A-ALF subjects. Lab-
oratory values on admission were not significantly dif-
ferent between spontaneous survivors and patients who
died or required LT. Liver transplantation was safely
performed in 33% (six patients) among those with
A-ALF. None of the amatoxin-directed therapies were
observed to be associated with improved spontaneous
survival; however, we were limited by sample size.

Comparisons with previous studies

Many previous studies included a much broader cohort
of patients with amatoxin poisoning (e.g., even those
with just gastrointestinal symptoms without ALI/ALF)
(9, 16–19). Other studies have been limited by lack of
important clinical data. For example, Ganzert et al. (3)
examined the prognostic significance of various bio-
chemical markers (i.e., prothrombin time and serum
creatinine) among individuals with amatoxin poisoning,
but they did not have data on how many patients devel-
oped ALI or ALF, nor did they describe the severity of
hepatic encephalopathy. In contrast, we were able to
identify our cohort using definitions established a priori
for ALF (i.e., INR >1.5 with hepatic encephalopathy)
and ALI (INR >2.0 without encephalopathy) (11, 13).

Other smaller case series have included only patients
with A-ALF, but were limited by selection bias (20–23).
For instance, Kantola (22), Faybik (20), and Sorodoc
(23) primarily examined the use of MARS in A-ALF,
and reported overall mortality rates of 0%, 50% and
88%, respectively. Similarly, Yardan et al. reported a
case series of eight patients treated with Prometheus
where only one patient died. The significant heterogene-
ity in published reports limited our ability to pool data
together for meta-analysis. Nonetheless, these broad dif-
ferences between studies serve to highlight the uncer-
tainty of the short- and long-term prognosis associated
with A-ALI and A-ALF to date.

Of note, however, a recent study by Escude et al. (10)
was conducted using a well-defined cohort of seven
patients with A-ALF and 15 with A-ALI. They employed
similar definitions as our present study for A-ALI (i.e.,
INR >1.7) and A-ALF (i.e., INR >1.7 with hepatic
encephalopathy), and further included criteria for LT

(i.e., Clichy criteria). One of 15 patients with ALI died
(7%), and five of the seven patients with ALF died (two
with LT, and three without LT). There were no sponta-
neous survivors among those who developed ALF. In
contrast, we observed a significantly better spontaneous
survival rate among those with A-ALF (46%), even in
the presence of coagulopathy, encephalopathy and mul-
tiorgan failure. These differences may be in part as a
result of improved survival because of recent advances
in critical care management, one example being the
increased use of continuous renal replacement therapy
(24, 25).

The decision of whether to proceed with liver
transplantation in a patient with A-ALF continues to be
challenging. Transplant rates have been extremely vari-
able e.g., 0 (23) to 100%) (26). Traditionally, the deci-
sion to proceed with transplantation has been primarily
based on the King’s College Criteria (13) or the Clichy
criteria (27). Some have broadly recommended trans-
plantation in any individual with ALF, coagulopathy
and encephalopathy (28). Others have more specifically
recommended assessment for transplantation in patients
with amatoxin-ALF with grade II hepatic encephalopa-
thy (29). Still others have advocated for liver transplan-
tation in patients with an INR >4.0 even in the absence
of encephalopathy (10). Clearly, the optimal strategy in
the management of A-ALF is not yet well defined. In
our analysis, we found that post-LT outcomes were very
favourable (i.e., all six patients receiving LT survived to
the end of the 21-day follow-up). But, we were also able
to identify some patients with multiorgan failure and
hepatic encephalopathy that survived without LT, thus
suggesting that spontaneous recovery is often possible.

Therapeutic options in amatoxin-induced ALI/ALF

A number of different detoxification procedures were
tried, and they included strategies to reduce absorption
(e.g., oral activated charcoal, nasobiliary drainage), as
well as methods to enhance amatoxin removal (e.g.,
extracorporeal purification, MARS or Prometheus) (8).
We did not observe any significant differences in out-
come with any of the various therapies. Given the small
size of our study, however, we were not adequately pow-
ered to detect small differences from these therapies.

Study limitations and strengths

This study has several limitations. First, while patients
were enrolled using strict criteria and data were col-
lected prospectively, our study was strictly observa-
tional. However, given the rarity of this condition, an
experimental study would be practically infeasible.
Therefore, an observational study using registry data like
ours provides useful information regarding the natural
history amatoxin-ALI and ALF. Second, given our small
sample size, we were unable to statistically adjust for
potential confounding factors. We acknowledge that
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widely accepted listing criteria for amatoxin-ALF are
lacking and the decision to transplant was impacted by
human decisions and organ availability. Despite these
limitations, our study still represents the largest North
American case series of A-ALF/A-ALI (n = 13/5) ever
reported. Therefore, we believe that this study provides
better estimates of the true rates of transplant-free
(46%) and overall (85%) survival for individuals with
A-ALF than previous reports. Furthermore, within the
limits of our data, amatoxin-ALI without HE appears to
have a higher probability of survival than amatoxin-
ALF. The presence of multiorgan failure does not neces-
sarily imply a poor prognosis while robust liver trans-
plant criteria are still lacking. The clinical efficacy of
medical interventions (i.e., penicillin, silibinin, charcoal
or NAC) remains unclear.

Conclusions

Our large series of subjects with amatoxin poisoning
demonstrated that those with A-ALI have favourable
survival, even in the presence of coagulopathy. While
some patients with A-ALF may require LT, nearly half
appear to recover even without LT. Further study is
needed to define optimal management (including the
use of amatoxin-targeted therapies) to improve survival,
even in the absence of LT.

Acknowledgements

Members and institutions participating in the Acute
Liver Failure Study Group 1998–2015 are as follows:
W.M. Lee, M.D. (Principal Investigator); Anne M.
Larson, M.D., Iris Liou, M.D., University of Washing-
ton, Seattle, WA; Oren Fix, M.D., Swedish Medical
Center, Seattle, WA; Michael Schilsky, M.D., Yale
University, New Haven, CT; Timothy McCashland,
M.D., University of Nebraska, Omaha, NE; J. Eileen
Hay, M.B.B.S., Mayo Clinic, Rochester, MN; Natalie
Murray, M.D., Baylor University Medical Center, Dal-
las, TX; A. Obaid, S. Shaikh, M.D., University of
Pittsburgh, Pittsburgh, PA; Andres Blei, M.D., North-
western University, Chicago, IL (deceased), Daniel
Ganger, M.D., Northwestern University, Chicago, IL;
Atif Zaman, M.D., University of Oregon, Portland,
OR; Steven H.B. Han, M.D., University of California,
Los Angeles, CA; Robert Fontana, M.D., University of
Michigan, Ann Arbor, MI; Brendan McGuire, M.D.,
University of Alabama, Birmingham, AL; Raymond T.
Chung, M.D., Massachusetts General Hospital, Boston,
MA; Alastair Smith, M.B., Ch.B., Duke University
Medical Center, Durham, NC; Robert Brown, M.D.,
Cornell/Columbia University, New York, NY; Jeffrey
Crippin, M.D., Washington University, St Louis, MO;
Edwin Harrison, Mayo Clinic, Scottsdale, AZ; Adrian
Reuben, M.B.B.S., Medical University of South Caro-
lina, Charleston, SC; Santiago Munoz, M.D., Albert
Einstein Medical Center, Philadelphia, PA; Rajender

Reddy, M.D., University of Pennsylvania, Philadelphia,
PA; R. Todd Stravitz, M.D., Virginia Commonwealth
University, Richmond, VA; Lorenzo Rossaro, M.D.,
University of California Davis, Sacramento, CA; Raj
Satyanarayana, M.D., Mayo Clinic, Jacksonville, FL;
and Tarek Hassanein, M.D., University of California,
San Diego, CA; Constantine J. Karvellas MD, Univer-
sity of Alberta, Edmonton, AB; Jodi Olson MD,
University of Kansas, Kansas City, KA; Ram Subrama-
nian MD, Emory, Atlanta, GA; James Hanje MD,
Ohio State University, Columbus, OH. The University
of Texas Southwestern Administrative Group included
Grace Samuel, Ezmina Lalani, Carla Pezzia, and Cor-
ron Sanders, Ph.D., Nahid Attar, Linda S. Hynan,
Ph.D., and the Medical University of South Carolina
Data Coordination Unit included Valerie Durkalski,
Ph.D., Wenle Zhao, Ph.D., Jaime Speiser, Catherine
Dillon, Holly Battenhouse and Michelle Gottfried.

Financial support: This study was sponsored by NIH
grant U-01 58369 (from NIDDK).

Conflict of interest: All authors (CJK, HT, AAL,
WML, MLS, BH, RTS, BMM, OKF) have no personal or
funding conflicts of interest.

Format: This paper followed the STROBE guideline
for reporting cohort studies (BMJ 2007): See File S1.

References

1. Broussard CN, Aggarwal A, Lacey SR, et al. Mushroom
poisoning–from diarrhea to liver transplantation. Am J
Gastroenterol 2001; 96: 3195–8.

2. Watson WA, Litovitz TL, Klein-Schwartz W, et al. 2003
annual report of the American Association of Poison Con-
trol Centers Toxic Exposure Surveillance System. Am J
Emerg Med 2004; 22: 335–404.

3. Ganzert M, Felgenhauer N, Zilker T. Indication of liver
transplantation following amatoxin intoxication. J Hepatol
2005; 42: 202–9.

4. O’Brien BL, Khuu A. A fatal Sunday brunch: amanita
mushroom poisoning in a Gulf Coast family. Am J Gas-
troenterol 1996; 91: 581–3.

5. Yildiz BD, Abbasoglu O, Saglam A, Sokmensuer C. Urgent
liver transplantation for Amanita phalloides poisoning.
Pediatr Transplant 2008; 12: 105–8.

6. Jacobs J, von Behren J, Kreutzer R. Serious mushroom
poisonings in California requiring hospital admission,
1990 through 1994. West J Med 1996; 165: 283–8.

7. Stickel F, Egerer G, Seitz HK. Hepatotoxicity of botanicals.
Public Health Nutri 2000; 3: 113–24.

8. Enjalbert F, Rapior S, Nouguier-Soule J, et al. Treatment
of amatoxin poisoning: 20-year retrospective analysis.
J Toxicol Clin Toxicol 2002; 40: 715–57.

9. Trabulus S, Altiparmak MR. Clinical features and out-
come of patients with amatoxin-containing mushr-
oom poisoning. [Erratum appears in Clin Toxicol
(Phila). 2012 Jun;50(5):450] Clin Toxicol (Phila) 2011;
49: 303–10.

10. Escudie L, Francoz C, Vinel JP, et al. Amanita phalloides
poisoning: reassessment of prognostic factors and indica-
tions for emergency liver transplantation. J Hepatol 2007;
46: 466–73.

Liver International (2016)
© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 1049

Karvellas et al. Mushroom-induced ALF



11. O’Grady JG, Schalm SW, Williams R. Acute liver failure:
redefining the syndromes. Lancet 1993; 342: 273–5.

12. Atterbury CE, Maddrey WC, Conn HO. Neomycin-sorbi-
tol and lactulose in the treatment of acute portal-systemic
encephalopathy. A controlled, double-blind clinical trial.
Am J Dig Dis 1978; 23: 398–406.

13. O’grady JG, Alexander GJ, Hayllar KM, Williams R. Early
indicators of prognosis in fulminant hepatic failure. Gas-
troenterology 1989; 97: 439–45.

14. Kamath PS, Wiesner RH, Malinchoc M, et al. A model to
predict survival in patients with end-stage liver disease.
Hepatology 2001; 33: 464–70.

15. Pinson CW, Daya MR, Benner KG, et al. Liver transplan-
tation for severe Amanita phalloides mushroom poison-
ing. Am J Surg 1990; 159: 493–9.

16. Yardan T, Baydin A, Eden AO, et al. Wild mushroom poi-
sonings in the Middle Black Sea region in Turkey: analyses
of 6 years. Hum Exp Toxicol 2010; 29: 767–71.

17. Unluoglu I, Tayfur M. Mushroom poisoning: an analysis
of the data between 1996 and 2000. Eur J Emerg Med 2003;
10: 23–6.

18. Chaudhary S, Chaurasia RK, Patel S, et al. Clinical profile
and outcome of patients presenting with mushroom poi-
soning in a tertiary care center of eastern Nepal. JNMA
2013; 52: 543–8.

19. Ahishali E, Boynuegri B, Ozpolat E, et al. Approach to
mushroom intoxication and treatment: can we decrease
mortality? Clin Res Hepatol Gastroenterol 2012; 36: 139–45.

20. Faybik P, Hetz H, Baker A, et al. Extracorporeal albumin
dialysis in patients with Amanita phalloides poisoning.
Liver Int 2003; 23(Suppl. 3): 28–33.

21. Vanooteghem S, Arts J, Decock S, et al. Four patients with
Amanita Phalloides poisoning. Acta Gastroenterol Belg
2014; 77: 353–6.

22. Kantola T, Kantola T, Koivusalo AM, Hockerstedt K, Iso-
niemi H. Early molecular adsorbents recirculating system
treatment of Amanita mushroom poisoning. Therap Apher
Dial 2009; 13: 399–403.

23. Sorodoc L, Lionte C, Sorodoc V, Petris O, Jaba I. Is MARS
system enough for A. phalloides-induced liver failure
treatment? Hum Exp Toxicol 2010; 29: 823–32.

24. Bernal W, Hyyrylainen A, Gera A, et al. Lessons from
look-back in acute liver failure? A single centre experience
of 3300 patients J Hepatol 2013; 59: 74–80.

25. Slack AJ, Auzinger G, Willars C, et al. Ammonia clearance
with haemofiltration in adults with liver disease. Liver Int
2014; 34: 42–8.

26. Ferreira R, Romaozinho JM, Amaro P, Ferreira M, Sofia
C. Assessment of emergency liver transplantation criteria
in acute liver failure due to Amanita phalloides. Eur J Gas-
troenterol Hepatol 2011; 23: 1226–32.

27. Bernuau J. Fulminant and subfulminant viral hepatitis.
Rev Prat 1990; 40: 1652–5.

28. Stein CM, Wu PE, Scott JA, Weinerman AS. Fulminant
hepatic failure following ingestion of wild mushrooms.
CMAJ 2015; 187: 822–4.

29. Klein AS, Hart J, Brems JJ, et al. Amanita poisoning: treat-
ment and the role of liver transplantation. Am J Med 1989;
86: 187–93.

Supporting information

Additional Supporting Information may be found at
onlinelibrary.wiley.com/doi/10.1111/liv.13080/suppinfo

Liver International (2016)
© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd1050

Mushroom-induced ALF Karvellas et al.

http://onlinelibrary.wiley.com/doi/10.1111/liv.13080/suppinfo


Copyright of Liver International is the property of Wiley-Blackwell and its content may not
be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for
individual use.


