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ABSTRACT

Background: This study aimed to investigate characteristics of severe hepatitis (SH), acute liver injury (ALI), and acute liver failure (ALF)
in patients with Mushroom-induced hepatotoxicity.

Methods: Data of patients were retrospectively reviewed between 2010-2019. Twenty-four patients withmushroominduced hepatotox-
icity were included and divided into three groups: SH, ALI, and ALF. SH was defined as transaminase level>10XULN, INR<1.5, and the
absence of hepatic encephalopathy (HE). ALl was defined as INR>1.5, presumed acute illness onset, and the absence of HE. ALF was
diagnosed based on the presence of HE of any degree, with INR>1.5, presumed acute illness onset, and the absence of cirrhosis.
Results: The mean age was 51.6 years; 13 (54.2%) were female. At admission, 18 patients (75%) had SH, 5 (21%) had ALI, 1 (4.1%)
had ALF. During follow-up, 6 of 18 SH (33%) progressed to ALI, 2 of 5 ALl (40%) progressed to ALF. No progression to ALl or ALF
was observed in the eight SH cases with a baseline MELD score of <15. One patient with grade 4 HE died (4.1%), none underwent
liver transplantation.

Conclusion: The survival was 100% in ALI and SH groups. MELD score of <15 at admission may be used as a predictor of no progression
to ALl or ALF in patients with SH. However, since 40% of ALl cases may progress to ALF, these cases should be followed up in a tertiary

care center that is equipped to perform liver transplantation and advanced therapies.
Keywords: Mushroom-induced poisoning, mushroom-induced hepatotoxicity, acute liver injury, acute liver failure

INTRODUCTION

The consumption of edible mushrooms or their isolated
bioactive constituents has nutraceutical health benefits
such as antioxidant, immunomodulatory, anti-inflamma-
tory, antimicrobial, and even hepatoprotective effects.
Nonetheless, certain types of mushrooms are toxic, and
their ingestion could lead to acute hepatic necrosis and
fulminant hepatic failure, to the extent of requiring liver
transplantation. Mushroom-induced hepatotoxicity is
a condition with high morbidity and mortality.! Despite
regional variations, there are 2000 to 1.5 million species
of mushrooms, of which only 100 species are toxic.2 Two
groups of mushroom toxins have been identified to have
fatal courses of intoxication: A) The amatoxin-contain-
ing Amanita group is responsible for 90% of the cases
of mushroom-induced poisoning that develop severe
liver and kidney damage, possibly leading to death.® B)
Phallotoxin is believed to be responsible for gastrointes-
tinal symptoms, ascribed to cell membrane disruption
of enterocytes.* Amatoxins selectively and irreversibly
inhibit the RNA polymerase enzyme, which is critical for

the synthesis of messenger RNAs and microRNAs.®° As a
result of this inhibition, the protein-dependent regenera-
tive capacity of the liver is impaired, thereby interrupting
its responsiveness to repair the ongoing loss of hepatic
mass and the associated intravascular hemolysis, induced
by the toxic mushroom ingredient(s). The compromised
liver function, in turn, leads to the development of cen-
trilobular and periportal hemorrhagic hepatic necrosis.
Likewise, the hepatocyte injury caused by the irreversible
inhibition of MRNA synthesis leads to the lack of pro-
duction of hepatic clotting factors and the subsequent
development of coagulopathy.® By 6-24 hours after
ingestion of mushroom containing amatoxins, gastroin-
testinal symptoms such as nausea, vomiting, abdominal
pain, and severe watery diarrhea are noticeable, followed
by the deterioration of liver function and coagulopathy
within 24-48 hours.” Following ingestion of amatoxin-
containing mushroom, cases might have a wide range of
clinical presentations, from moderately elevated trans-
aminase levels and symptoms of mild to severe hepatitis
(SH), to acute liver injury (ALI), acute liver failure (ALF),
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and sometimes, death. In these patients, early diagnosis
and treatment could be life-saving.® However, there is
no specific antidote treatment for mushroom intoxica-
tion. Detoxification procedures such as the use of active
charcoal, hemoperfusion, extracorporeal liver support and
plasmapheresis, N-acetylcysteine (NAC), penicillin, and
silymarin could be used as supportive therapy in amatoxin
poisoning, while liver transplantation is indicated in severe
cases. In patients with amatoxin poisoning, prognosis is
difficult, and thus, the mortality rate reported is high,
varying between 4.8% and 34.5% 8910

This study aimed to investigate the clinical, laboratory,
and survival characteristics of patients who developed
SH, ALI, and ALF due to mushroom-induced hepatotoxic-
ity, and to determine factors that predict the progression
of the disease severity.

MATERIALS AND METHODS

Patients’ Data

We retrieved data from electronic records of patients hos-
pitalized due to mushroom-induced hepatotoxicity in the
Gastroenterology Clinic of the Ege University Hospital,
lzmir, between January 2010 and January 2019, and
reviewed them retrospectively. The electronic database
was searched using the keywords “acute hepatitis,” "hep-
atotoxicity,” “toxic hepatitis,” and “mushroom-induced
hepatotoxicity.” We accessed a total of 384 patient
records from the electronic files and excluded 360 cases.
Our exclusion criteria were as follows: (1) the etiology of

a patient’s hepatic disease not associated with mush-
room-induced hepatotoxicity (e.g., drug use or autoim-
mune, viral, ischemic, and acute or chronic liver disease);
(2) patients who had transaminase level <10 times the
upper limit normal (ULN) of reference range after mush-
room ingestion; and (3) patients who had incomplete
data and were diagnosed with chronic liver parenchymal
disease. Thus, we enrolled a total of 24 patients, based
on the following inclusion criteria: (1) patients’ hepatic
diseases were due to mushroom-induced hepatotoxicity,
diagnosed as SH, ALI, or ALF; and (2) transaminase level
after mushroom ingestion should be >10 times ULN. The
consort flow diagram showing the progress of the study is
shown in Figure 1.

Patients’ Demographic and Clinical Data

The patients' demographic data and clinical characteris-
tics such as complaint at presentation, baseline laboratory
parameters [white blood cell, hemoglobin, platelet, urea,
creatinine, sodium, international normalized ratio (INR),
total bilirubin, aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), alkaline phosphatase (ALP),
gamma-glutamyl-transpeptidase (GGT)], and hepatic
encephalopathy (HE) were recorded. The Model for End-
stage Liver Disease (MELD) scores and prothrombin index
were calculated. In addition, the peak laboratory values
of the indicated measured parameters during follow-up
were obtained. The time elapsed from mushroom inges-
tion to the peak of these indicated values was noted. In
addition, HE development, total hospitalization time,
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Figure 1. The consort flow diagram.
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treatment modalities, and survival data were recorded.
The treatment modalities were grouped as NAC, silyma-
rin, penicillin G (Pen G), plasmapheresis, and liver trans-
plantation. According to the institutional protocol, NAC
was administered as 300 mg/h for 24 hours, followed by
150 mg/h until the liver function test results were normal-
ized. Silymarin was given as 5 mg/kg intravenous loading
and 20 mg/kg/day as total maintenance dose divided into
4 intravenous injections.” Pen G was administered at a
dosage of 1 million U/kg/day." HE was graded according
to the West Haven classification."® The indications for liver
transplantation were determined, according to the King's
College Criteria."* The requirements of renal injury and
renal replacement therapy were identified using the 2012
Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines.'®

Mushroom-induced hepatotoxicity was diagnosed in
cases of SH, ALI, or ALF after ingestion of mushrooms, for
which other causes of hepatotoxicity were eliminated. We
used the EASL guideline criteria for ALl and ALF diagno-
sis. However, we described another group of patients with
high transaminase levels as SH. SH was confirmed if the
transaminase level was >10 times ULN, the INR value was
<1.5, and HE was not detected. According to the EASL
manual, ALl was defined as elevated serum transami-
nases, the evidence of moderately severe coagulopathy
(INR > 1.5), presumed acute illness onset, the absence of
cirrhosis and HE; ALF was diagnosed based on the pres-
ence of HE of any degree, evidence of moderately severe
coagulopathy (INR > 1.5), presumed acute illness onset,
and the absence of cirrhosis.®

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS)
(IBM Corp.; Armonk, NY, USA) 20.0 package program
was used for statistical analysis. The chi-square test (or
Fisher's exact test) was used to examine the relationship
between the categorical variables, and the Mann-Whitney
U-test was employed to compare the continuous vari-
ables. Spearman’s test was conducted to determine the
correlations between the parameters. A P-value of <.05
was considered statistically significant.

RESULTS

In the study, 13 of the 24 patients (54.2%) were female,
and 11 (45.8%) were males. The mean age was 51.6 (range:
22-73) years. At admission, SH was detected in 18 patients
(75%), ALl in 5 (21%), and ALF in 1 patient (4%). During

the follow-up, 2 of the 5 ALI cases (40%) progressed to
ALF, and 6 of the 18 SH cases (33%) advanced to AL
Thus, in the follow-up period, 12 patients (50%) were
evaluated as SH and 12 patients (50%) as ALl or ALF.
Exactly 23 patients (95.9%), followed up for mushroom-
induced hepatotoxicity, were discharged as cured. One
patient (4.1%) was admitted to the hospital with grade 4
HE and died within 24 hours due to ALF. The remaining 2
patients that developed ALF during their stay in hospital
were observed to have had grade 2 HE, and survived. Table
1 shows the laboratory parameters of the patients. The
median time from mushroom ingestion to hospital admis-
sion was 3 days (range: 1-7). At the time of presentation,
23 patients (95.8%) had nausea and vomiting, 15 had diar-
rhea (62.5%), and 12 (50%) had abdominal pain (Table 1).
The follow-up peak laboratory values and the time it took
to reach these values are shown in Table 2. The MELD
score was <15 in 8 patients (33%) and >15 in 16 patients
(67%) at admission (11 ALI, 1 ALF, 4 SH). No progression to
ALl or ALF was detected in any of the 8 SH patients with
a baseline MELD score of <15. During the follow-up, ALF
was detected in 2 of the 5 patients with ALI on admission.
Among those 11 cases (5 on admission, 6 progressed from
SH to ALI) with ALI, 8 cases with an INR between 1.5 and
2.7 did not develop HE or progress to death.

The prothrombin indexes were found to be >10% in our
study groups. The minimum value of the prothrombin
index was 13.1. No baseline factors were found related
to AST, ALT, total bilirubin, INR, or creatinine peak val-
ues (P > .05). The median duration of hospitalization
was 8.50 (range: 1-25) days. NAC was administered to all
patients (100%), while plasmapheresis and other medi-
cal treatment combinations were employed in 7 cases
(29%). Other patients received combinations of silyma-
rin and/or penicillin G (Pen G). The treatments given are
shown in Table 1. The mean duration of hospitalization
was 10.8 days in the plasmapheresis group and 8.7 days
in the non-plasmapheresis group, and the difference was
not statistically significant (P = .3). Erythrocyte suspen-
sion, fresh frozen plasma (FFP), and/or platelet suspen-
sion replacement were not applied to any patient except
for those who underwent plasmapheresis. In cases where
plasmapheresis was performed, FFP was used only dur-
ing the procedure. The patient that presented with grade
4 HE died before a suitable donor was found for trans-
plantation, and the remaining patients did not meet King's
College Criteria; thus, none of them qualified for organ
transplantation. During the follow-up period, 3 patients
(12.5%) underwent hemodialysis for renal failure.
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Table 1. Clinical Characteristics and Treatments of Patients

Table 2. Peak Values and Peak Times of Biochemical Parameters
of the Patients After Mushroom Ingestion

At Admission
Variables Median (min-max)
WBC (10%/pL) 9.14 (3.27-32.63)
Hemoglobin (g/dL) 14 (8.3-1.6.2)

Platelet (10%/pL)
Urea (mg/dL)
Creatinine (mg/dL)
Na (mEq/L)
Phosphorus (mg/dL)
INR

Total bilirubin (mg/dL)

234 (99-464)
53.5 (20-115)
0.84 (0.54-3.1)
138 (132-143)
2.9 (1.1-5.4)
1.55 (0.9-4.5)
1.62 (0.1-7.86)

AST (U/L) 1409 (51-5869)
ALT (U/L) 1596.5 (48-8450)
ALP (U/L) 95 (52-409)
GGT (U/L) 37.5 (9-347)
MELD Score 18.5 (6-39)
Symptoms n (%)
Nausea-vomiting 23 (95.8)
Diarrhea 15 (62.5)
Abdominal pain 12 (50)
Treatments n (%)
NAC 4(16.7)
NAC +Pen G 6 (25)
NAC + Silymarin 2(8.3)
NAC +Pen G + Silymarin 5(20.8)
NAC + Plasmapheresis 1(4.2)
NAC +Pen G + Plasmapheresis 2(8.3)
NAC + Silymarin + Plasmapheresis 2(8.3)
NAC +Pen G + Silymarin + Plasmapheresis 2(8.3)

WBC, white blood cell; INR, international normalized ratio; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase;
GGT, gamma-glutamyl transferase; MELD, Model for End-stage Liver Dis-
ease; NAC, n-acetylcysteine, Pen G; penicillin G.

DISCUSSION

The results of this study showed that out of the 24 hos-
pitalized patients suffering from mushroom-induced
hepatotoxicity, 18 were SH, 5 were ALl, and 1 was ALF
at admission. During the follow-up period, 6 patients
from the SH group developed ALl based on clinical find-
ings, and 2 patients from the ALI group progressed to
ALF. One patient (4.1%) with grade 4 HE died within 24
hours of admission due to ALF, and 23 patients (95.9%)
were discharged as cured. Thus, the total mortality rate
was 4.1%. Although the incidence of mushroom-induced

Peak Values Peak Time (days)
Variables Median (min-max) Median (min-max)
Creatinine (mg/dL) 0.9 (0.54-3.1) 4 (3-17)
INR 2.1(1-5.7) 4 (3-9)
Total bilirubin 1.9 (0.68-13.44) 6,5 (3-9)

(mg/dL)

AST (U/L) 1409 (309-7.330) 4 (3-8)
ALT (U/L) 2929 (655-8.450) 5 (3-8)
ALP (U/L) 104 (52-409) 5.5 (3-23)
GGT (U/L) 110 (25-364) 7 (3-14)

INR, international normalized ratio; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma-
glutamyl transferase.

poisoning is not well-known, the mortality due to this
cause has been reported to vary between 4.8% and
34.5% 8910117181920 |0 3 study by Karvellas et al., the sur-
vival rate in the ALl patients was reported as 100% con-
sistent with our study.'

The clinical picture due to mushroom-induced poison-
ing could have a vast spectrum, ranging from very mild
symptoms to liver failure, and even death. In a retrospec-
tive study including 87 patients, the clinical symptoms of
mushroom-induced poisoning at the emergency service
presentation were reported as nausea and vomiting in 82%
of the cases, diarrhea in 68%, syncope in 10%, abdominal
pain in 8%, and hallucinations in 7%.%" In our current study,
the typical symptoms were nausea and vomiting (95.8%),
diarrhea (62.5%), and abdominal pain (50%). The abdomi-
nal pain developed by half of the patients might have an
association with liver congestion, capsule stretching, and/
or gastroenteritis. The clinical course might vary depend-
ing on the time from mushroom ingestion to the onset
of symptoms. While early symptomatic patients could be
managed by symptomatic treatment, the risks of hepatic
or renal failure, intravascular hemolysis, and electrolyte
imbalance are increased in late symptomatic patients;
however, this timing is not a specific predictor.?22324 The
second important factor is the presence of gastroenteri-
tis due to the phalloides toxin, that could facilitate early
diagnosis and early treatment. The induced gastroenteritis
might also reduce the absorption of hepatotoxic agents
due to the shedding of the intestinal epithelium.

In our study, during the follow-up period, ALF was detected
in 2 of the 5 patients that were initially admitted with AL
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Interestingly, we observed that the 3 remaining cases of
ALl and the 12 remaining cases of SH did not progress
to ALF in the course of the follow-up, and maintained an
INR of <2.7; they neither developed HE nor progressed to
death. This finding highlights the importance of coagulop-
athy on admission. Prothrombin time (PT) and activated
partial thromboplastin time (aPTT) levels were reported
to be significant predictors of mortality,®'® which could
be attributable to the mechanism of mushroom-induced
hepatotoxicity. Further clinical studies with a larger
patient series are needed to identify a threshold level for
INR as a prognostic indicator.

Another intriguing finding from our study was the ability
of the MELD score to predict disease prognosis in some
patients. We observed no progression to ALl and/or ALF
in 8 of our SH cases with a baseline MELD score of <15,
which indicated that this scoring method could be used
as a predictor of no ALl and/or ALF development in SH
cases at the time of presentation. All of the ALl and ALF
patients had initial MELD scores >15, which might sug-
gest that patients with <15 MELD score on admission
might have better clinical course.

Kim et al.'” found that an increased total bilirubin con-
centration, indirect/direct bilirubin ratio, and prolonged
aPTT were significantly associated with patient mor-
tality." In this study, it was shown that on the third day
of hospitalization, the patients with a total bilirubin of
>5 mg/dl or an aPTT of >50 s died due to ALF. In another
study, the urea, AST, ALT, LDH, total bilirubin, PT, and
aPTT values were found to be significantly higher in the
mortality group.® Similarly, the cases with ALT or AST
>2000 IU/mL or PT >50 s were reported to be at severe
risk of death.'® Ganzert et al. reported that a short interval
between mushroom ingestion and the onset of diarrhea
(<8 hours), severe coagulopathy, severe hyper-bilirubi-
nemia, elevated creatinine, and a rapid increase in the
prothrombin time were associated with high mortality
risk.® In our study, we were not able to analyze mortality
predictors statistically due to our low patient mortality.
Likewise, it has been reported that in amatoxin poisoning,
a prothrombin index <10% is indicative of transplanta-
tion and often occurs before encephalopathy. However,
our study found that all of the prothrombin indexes of
patients were >10%.2°

There is no standardized protocol for the treatment
of mushroom-induced hepatotoxicity. In global litera-
ture, and NAC therapy is acknowledged as the treat-
ment method for the reduction of mortality in all ALF

patients. In addition to NAC, silymarin, Pen G, plas-
mapheresis, and liver dialysis therapies such as the
molecular adsorbent recirculating system (MARS) and
the fractionated plasma separation and adsorption sys-
tem (FPSA-Prometheus) could be used in this patient
group.?82” Whether combining NAC and other agents
provides additional benefits remains controversial. In
a study by Karvellas et al, NAC was administered to all
patients, but the optimal treatment could not be deter-
mined definitively.”? In our clinic, we started NAC treat-
ment for all patients of mushroom poisoning. However,
we supplemented the NAC treatment with Pen G, silyma-
rin, and plasmapheresis, depending on their availability at
the time. Thus, the non-standard nature of our treatment
protocol could be considered as a limiting factor, prevent-
ing us from commenting on the effectiveness of treat-
ment in this study.

In recent years, the use of plasmapheresis as treatment
has been expanding in cases with ALF. Theoretically, it
could be more effective in patients of mushroom-induced
poisoning than in other ALF cases with different eti-
ologies. Considering that mushroom-induced poisoning
primarily presents with clinical findings such as coagulop-
athy due to the termination of protein synthesis, provid-
ing protein replacement through the fresh frozen plasma
via plasmapheresis would undoubtedly offer benefits. In
our study, plasmapheresis was performed in 7 patients
(29%), although we could not relate the effect directly
to the prevention of mortality or to patients’ survival. We
also found that this treatment did not shorten the hos-
pitalization period. By considering the cost of treatment,
plasmapheresis in the early-stage cases is controversial.
One patient admitted to our hospital with grade 4 HE
died of ALF within 24 hours, before we were able to per-
form plasmapheresis. Liver transplantation was also not
possible due to the absence of a suitable donor. Of the
2 patients that initially presented with ALI and developed
ALF in the follow-up period, 1 received a combined treat-
ment of NAC + Silymarin + plasmapheresis, and the other
patient was given NAC +Pen G treatment. Both of these
cases were discharged as cured. However, due to the
limited number of patients, these findings are not suf-
ficient to enable us to comment on the effect of these
treatments on saving the patients in the ALF group from
mortality.

The retrospective design of the study, as well as the small
size of the study group, are both limitations in all discus-
sion. Another limitation of our study was the inability to
identify the mushroom species. Amatoxins impair the
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regenerative capacity of the liver, which is dependent
on protein synthesis. As a result, the ongoing lysis of the
liver is irreparable and centrilobular, and periportal hem-
orrhagic hepatic necrosis develops. While coagulopa-
thy develops due to a lack of hepatic clotting factors in
the early period, it leads to secondary effects of hepatic
necrosis in the later periods; hence, profound and pro-
longed adverse effects of coagulopathy become appar-
ent.® Since this usually occurs before the development of
HE, compared with other etiologies, it might be neces-
sary to create a different definition of ALF in mushroom-
induced hepatotoxicity.

In conclusion, patients with mushroom-induced poi-
soning presented to our clinic with a broad spectrum
of findings. Mushroom toxins block hepatocyte protein
synthesis, thereby stopping the production of coagula-
tion factors, which leads to coagulopathy, but this con-
dition might not be severe enough to cause hepatocyte
damage and progress to the development of HE or liver
failure. Although administration of NAC appeared to be
an effective treatment, the efficacy of other treatment
modalities in combination with NAC remains unclear.
In our study, a MELD score of <15 in patients with SH
and an INR of <2.7 in patients with ALl showed good
prognosis, suggesting that this group of patients could
continue to be followed up. However, the follow-up of
patients with higher risk should be undertaken at ter-
tiary hospitals equipped to perform liver transplanta-
tion and advanced treatments due to the higher risk of
progression.
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