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Abstract
AIM
To identify early predictive markers of poor outcomes 
in patients with acute liver injury from wild mushroom 
intoxication.

METHODS
This observational, retrospective record review involved 
adults aged ≥ 18 years admitted to emergency 
department with mushroom intoxication from January 
2005 to December 2015. The diagnosis of mushroom 
intoxication was based on the following: (1) a positive 
history of recent wild mushroom intake (either raw or 
cooked); (2) the onset of gastrointestinal symptoms, 
such as watery diarrhea, vomiting, and/or abdominal 
pain, after ingestion; and (3) the exclusion of other 
possible causes of acute liver injury. Acute liver injury 
was defined by a > 5-fold elevation of liver enzymes 
or moderate coagulopathy [international normalized 
ratio (INR) > 2.0]. Clinical and laboratory findings were 
compared in survivors and non-survivors.

RESULTS
Of 93 patients with mushroom intoxication, 23, 11 
men (47.8%) and 12 women (52.2%), of median age 
61 years, developed acute liver injury. The overall in-
hospital mortality rate was 43.5% (10/23). Among the 
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laboratory variables, mean serum alkaline phosphatase 
(73.38 ± 10.89 mg/dL vs  180.40 ± 65.39 mg/dL, P  < 
0.01), total bilirubin (2.312 ± 1.16 mg/dL vs  7.16 ± 2.94 
mg/dL, P  < 0.01) concentrations and indirect/direct 
bilirubin (2.45 ± 1.39 mg/dL vs  0.99 ± 0.45 mg/dL, P  
< 0.01) ratio as well as prothrombin time (1.88 ± 0.83 
mg/dL vs  10.43 ± 4.81 mg/dL, P  < 0.01), and activated 
partial thromboplastin time (aPTT; 32.48 ± 7.64 s vs  
72.58 ± 41.29 s, P  = 0.01), were significantly higher 
in non-survivors than in survivors. Logistic regression 
analysis showed that total bilirubin concentration (OR = 
3.58, 95%CI: 1.25-10.22), indirect/direct bilirubin ratio 
(OR = 0.14, 95%CI: 0.02-0.94) and aPTT (OR = 1.30, 
95%CI: 1.04-1.63) were significantly associated with 
mortality. All patients with total bilirubin > 5 mg/dL or 
aPTT > 50 s on day 3 died.

CONCLUSION
Monitoring of bilirubin concentrations and aPTT may 
help in predicting clinical outcomes in patients with 
acute liver injury from wild mushroom intoxication.
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Core tip: Wild mushroom-induced acute liver failure is 
potentially fatal. Many candidates for liver transplantation 
progress to multi-organ failure resulting in deterioration 
while awaiting liver transplantation. Identifying early 
predictive markers of poor outcomes in patients 
with acute liver injury resulting from wild mushroom 
intoxication is critical for improving survival rates. Total 
bilirubin and activated partial thromboplastin time 
(aPTT) levels were associated with in-hospital mortality 
in patients with acute liver injury from wild mushroom 
intoxication. Monitoring total bilirubin and aPTT as 
predictors of survival outcomes may determines the need 
for advanced intervention such as liver transplantation.
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INTRODUCTION
Although mushroom poisoning is associated with 
high morbidity and mortality rates[1], little is known 
about the in-hospital prognosis of these patients 
during treatment. Wild mushroom-induced acute liver 
failure (ALF) is potentially fatal, with selected patients 
requiring liver transplantation[2,3]. Unfortunately, 
many candidates for transplantation progress to 

multi-organ failure resulting in deterioration while 
awaiting liver transplantation[3-5]. Early and precise 
determination of patients who will not survive without 
liver transplantation is crucial for improving survival 
rates[1], indicating the importance of identifying 
suitable candidates as quickly as possible[5]. Despite 
several proposed sets of criteria for emergency liver 
transplantation in patients with ALF, the criteria for 
emergency liver transplantation in patients with 
wild mushroom-induced ALF have not been clearly 
determined[3,6]. This study was therefore designed to 
identify early predictive markers of poor outcomes 
in patients with acute liver injury resulting from wild 
mushroom intoxication.

MATERIALS AND METHODS
Study design and data collection
This retrospective single-center study was performed 
at a 2800-bed, university-affiliated, tertiary referral 
center in Seoul, South Korea. The electronic charts 
of all adults, aged ≥ 18 years, with wild mushroom 
intoxication admitted to the emergency department 
(ED) from January 2005 to December 2015 were 
retrospectively reviewed. The diagnosis of mushroom 
intoxication was based on the following: (1) a positive 
history of recent intake of wild mushrooms, either raw 
or cooked; (2) the onset of gastrointestinal symptoms, 
such as watery diarrhea, vomiting, and/or abdominal 
pain, after ingestion; and (3) the exclusion of other 
possible causes of acute liver injury. This study was 
approved by the ethics committee of our institution, 
which waived informed consent because of the 
retrospective design of this study.

Baseline data on patients, including age, gender, 
medical history, and initial vital signs in the ED, were 
obtained, as were laboratory data obtained between 
the time of ED admission (day 1) and hospital day 7. 
Acute liver injury was defined as a > 5-fold elevation 
in liver enzymes or moderate coagulopathy (INR > 
2.0). The primary outcome was in-hospital mortality, 
and clinical and laboratory findings were compared in 
survivors and non-survivors. 

Statistical analysis
Continuous variables are presented as median and 
interquartile range (IQR), and categorical variables as 
absolute or relative frequencies. Continuous variables 
were compared in groups of survivors and non-survivors 
by Mann-Whitney U tests, and categorical variables by 
Fisher’s exact tests. Logistic regression analysis was 
performed to identify factors associated with in-hospital 
mortality, with the results of logistic regression analyses 
summarized as odds ratios (ORs) and 95% confidence 
intervals (CIs). Because total bilirubin concentrations 
and activated partial thromboplastin time (aPTT) are 
numerical data, receiver operating characteristic (ROC) 
curves were constructed and areas under the curves 
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(AUCs) were evaluated. The cutoff values of total 
bilirubin and aPTT predicting death were estimated 
by ROC analyses. A two-sided p value < 0.05 was 
considered statistically significant. All statistical analyses 
were performed using SPSS for Windows, version 21.0 
(IBM Corp, Armonk, NY, United States).

RESULTS
During the study period, 93 patients with wild 
mushroom intoxication were admitted to the ED, with 
23 of these patients developing acute liver injury. 
These 23 patients consisted of 11 men (47.8%) and 
12 women (52.2%), of median age 61 years (IQR, 
51-66 years). The median time between mushroom 
ingestion and hospital admission was 3.0 d. The overall 
in-hospital mortality rate was 43.5% (10/23). 

Table 1 summarizes the demographic characteristics, 
comorbidities, initial vital signs, and laboratory values 
of the survivor and non-survivor groups. Mean serum 
alkaline phosphate (ALP; 73.38 ± 10.89 mg/dL vs 
180.40 ± 65.39 mg/dL, p < 0.01), total bilirubin 

(2.31 ± 1.16 mg/dL vs 7.16 ± 2.94 mg/dL, p < 0.01) 
concentrations and indirect/direct bilirubin (2.45 ± 1.39 
vs 0.99 ± 0.45, p < 0.01) ratio as well as prothrombin 
time (PT)-INR (1.88 ± 0.83 s vs 10.43 ± 4.81 s, p < 
0.01) and activated partial thromboplastin time (aPTT; 
32.48 ± 7.64 s vs 72.58 ± 41.29 s, p = 0.01), were 
significantly higher in the non-survivor than in the 
survivor group. However, other variables, including 
white blood cell (WBC) and platelet counts and 
concentrations of hemoglobin (Hb), blood urea nitrogen 
(BUN), creatinine (Cr), aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and gamma-
glutamyl transferase (γ-GT), did not differ significantly 
in the survivor and non-survivor groups. Logistic 
regression analysis showed that elevated total bilirubin 
concentration (OR = 3.579, 95%CI: 1.253-10.221), 
indirect/direct bilirubin ratio (OR = 0.14, 95%CI: 
0.02-0.94) and prolonged aPTT (OR = 1.301, 95%CI: 
1.037-1.634) were significantly associated with patient 
mortality (Table 2). Figure 1 shows static serum total 
bilirubin, aPTT, PT INR, and ALP levels in survivors and 
non-survivors. All patients with total bilirubin > 5 mg/dL 
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Table 1  Baseline demographic and clinical characteristics of study patients  n  (%)

Total patients Survivors Non-survivors P  value

(n  = 23) (n  = 13) (n  = 10)

Age, yr 61.0 (51.0-66.0) 61.0 (53.0-69.0) 52.0 (38.0-62.0)    0.74
Male   11 (48) 6 (46) 5 (50)    0.86
Comorbidities
   Hypertension   6 (26) 5 (38) 1 (10)    0.11
   Diabetes mellitus 2 (9) 2 (17) 0 (0)    0.17
   Chronic kidney disease 0 (0) 0 (0) 0 (0)
   Chronic liver disease 0 (0) 0 (0) 0 (0)
Time from ingestion to hospitalization, d 3.0 (3.0-3.0) 3.0 (3.0-3.0) 3.0 (3.0-3.0)    0.26
Vital signs, initial
   SBP, mmHg   126.0 (112.0-134.0)   122.0 (116.0-133.0)   128.5 (112.0-146.0)    0.47
   DBP, mmHg 71.0 (66.0-89.0) 78.0 (67.0-90.0) 69.5 (66.5-77.5)    0.59
   Heart rate, min 78.0 (65.0-89.0) 70.0 (63.0-87.0)   94.5 (78.5-116.2)    0.03
   Respiratory rate, min 20.0 (18.0-20.0) 20.0 (18.0-20.0) 20.0 (20.0-20.0)    0.24
   Temperature, ℃ 36.6 (36.1-37.1) 36.6 (36.2-36.1) 36.6 (36.1-37.0)    0.56
   SpO2, % 98.0 (97.0-99.0) 98.0 (97.0-99.0) 98.0 (97.0-99.0)    0.36
Laboratory data
   WBC, × 103/mL   7.5 (5.8-12.2) 7.0 (6.0-8.3) 11.3 (6.0-15.6)    0.11
   Hemoglobin, g/dL   14.1 (13.0-15.4) 14.2 (13.4-15.4)   12.8 (10.6-15.0)    0.12
   Platelet, × 103/mL     172.0 (115.0-223.0)    197.0 (156.0- 223.0)   125.5 (87.3-181.3)    0.06
   BUN, mg/dL 21.0 (9.0-33.0) 15.0 (10.0-29.0)   23.0 (10.3-31.5)    0.66
   Cr, mg/dL   0.90 (0.60-1.30) 0.70 (0.60-0.90)   1.70 (1.00-1.80)    0.23
   AST, IU/L 4568.0 (863.0-6933.0) 4568.0 (702.0-5471.0) 5650.0 (2065.3-8155.8)    0.19
   ALT, IU/L   4750.0 (1561.0-5543.0)   4436.0 (1561.0-5543.0) 5002.0 (2235.5-6584.3)    0.31
   γ-GT, IU/L   38.0 (23.0-71.0) 26.0 (13.0-53.0) 55.50 (39.0-85.0)    0.35
   ALP, IU/L     85.0 (71.0-162.0) 71.0 (69.0-81.0)     165.0 (151.0-208.0) < 0.01
   Total bilirubin, mg/dL   3.50 (1.70-6.40) 1.80 (1.60-3.00)   6.80 (6.00-8.80) < 0.01
   Indirect/direct bilirubin ratio 1.79 (0.5-3.08) 2.45 (1.06-3.84)   0.99 (0.54-1.44) < 0.01
   PT-INR, s   2.90 (1.40-8.80) 1.60 (1.20-2.60)     9.70 (7.60-14.30) < 0.01
   aPTT, s   41.4 (28.9-54.3) 29.1 (28.9-35.3)   54.6 (52.6-71.4)    0.01
Management
   Vasopressor 7 (30) 0 (0) 7 (70) < 0.01
   Mechanical ventilation 6 (26) 0 (0) 6 (60) < 0.05
   CRRT 5 (22) 0 (0) 5 (50) < 0.01

Values are expressed as median with interquartile range and n (%). SBP: Systolic blood pressure; DBP: Diastolic blood pressure; SpO2: Peripheral 
capillary oxygen saturation; WBC: White blood cell count; BUN: Blood urea nitrogen; Cr: Creatinine; AST: Aspartate aminotransferase; ALT: Alanine 
aminotransferase; γ-GT: Gamma-glutamyl transferase; ALP: Alkaline phosphatase; PT: Prothrombin time; aPTT: Activated partial thromboplastin time; 
CRRT: Continuous renal replacement therapy.
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15 studies involving more than 20 patients from 1980 
to 1999 ranges from 4.8% to 34.5%[10]. However, 
more recent studies report mortality rates of around 
10%[11-13]. This is consistent with the results of the 
present study, which found that 10 (10.8%) of the 
93 patients with mushroom poisoning died. These 10 
patients constituted 43.5% of the 23 patients with 
acute liver injury. 

Mushroom-induced acute liver injury is potentially 
fatal, with the definitive treatment being liver 
transplantation[2,3]. Laboratory studies showed that 
urea, AST, ALT, LDH, and total bilirubin concentrations, 
as well as PT and aPTT, were significantly higher in 
patients who died than in those who survived[11]. 
Similarly, patients with ALT or AST concentrations 
> 2000 IU/mL, or PT > 50 s, were at serious risk of 

or aPTT > 50 s on day 3 died in-hospital of ALF.

DISCUSSION
Poisoning of toxic mushrooms can be divided into 
seven main categories: amatoxin, gyromitrin, coprine, 
muscarine, ibotenic acid-muscimol, psilocybin-psilocin 
and gastrointestinal irritants[7,8]. In South Korea, the 
vast majority of toxic mushroom ingestions were the 
amatoxin-containing mushrooms such as Amanita 
abrupta Peck, Amanita castanopsidis Hongo, Amanita 
subjunquillea S. Imai, Amanita verna (Bull.) Lam., 
Amanita virosa (Fr.) Bertill., Conocybe filaris (Fr.) 
Kühner, Galerina calyptrata P.D. Orton, Galerina 
helvoliceps (Berk. and M.A. Curtis) Singer[8,9]. 

This study showed that total bilirubin and aPTT 
levels were associated with in-hospital mortality in 
patients with acute liver injury from wild mushroom 
intoxication. Indeed, all patients with total bilirubin > 5 
mg/dL or aPTT > 50 s on day 3 died in-hospital. These 
results emphasize the critical need for monitoring 
total bilirubin and aPTT as predictors of survival 
outcomes and for determining the need for advanced 
intervention such as liver transplantation. 

Although the precise incidence of mushroom 
poisoning cannot be estimated, the mortality rate in 
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Figure 1  Static ALP (A), aPTT (B), PT INR (C), and total bilirubin (D) levels in survivors and non-survivors from day 1 to day 7 after wild mushroom 
ingestion. ALP: Alkaline phosphatase; aPTT: Activated partial thromboplastin time; PT: Prothrombin time; INR: International normalized ratio.
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Table 2  Odds ratios for poor outcomes in patients

OR 95%CI P  value

Alkaline phosphatase     1.21 (0.91, 1.60) 0.20
Total bilirubin     3.58   (1.25, 10.22) 0.02
Indirect/direct bilirubin ratio     0.13 (0.02, 0.94) 0.04
Prothrombin time 789.00 - 0.98
Activated partial 
thromboplastin time

    1.30 (1.04, 1.63) 0.02



intoxication. 

Limitations
This study had several major limitations. First, we 
enrolled patients from a single institution who ingested 
wild mushrooms; therefore, caution should be used 
when applying our results to other populations, 
including those in other countries. Second, the 
retrospective observational design of this study 
suggests that undetected bias may have been present. 
Third, because kits that measure amatoxin levels in 
serum and urine are not commercially available in 
South Korea, serum alpha-amanitin levels were not 
analyzed in this study.

This study showed that total bilirubin concentration 
and aPTT were useful in predicting outcomes in 
patients with acute liver injury caused by wild 
mushroom intoxication. Moreover, total bilirubin > 5 
mg/dL or aPTT > 50 s on day 3 were prognostic of 
impending death.

COMMENTS
Background
Wild mushroom induced acute liver failure (ALF) is rare but fatal, with selected 
patients requiring liver transplantation. Many candidates for transplantation 
progress to multi-organ failure resulting in rapid deterioration while awaiting liver 
transplantation. However, the specific criteria and optimal timing for emergency 
liver transplantation in patients with wild mushroom-induced ALF are unclear. 

Research frontiers
Currently, little is known about wild mushroom induced ALF, including its 
etiology, pathophysiology, clinical outcome, and the in-hospital prognosis in 
these patients. Few studies have addressed appropriate treatment with wild 
mushroom induced ALF. Appropriate criteria and precise timing for emergency 
liver transplantation in patients with wild mushroom-induced ALF are lacking in 
the medical literature.

Innovations and breakthroughs
Although prior studies have suggested the association of the prothrombin 
index and mortality, this study showed that both total bilirubin concentration 
and activated partial thromboplastin time (aPTT) level were associated with in-
hospital mortality in patients with acute liver injury arising from wild mushroom 
intoxication. 

Applications
This study demonstrates more specific criteria to assess the need for transplantation 
in patients with amatoxin-induced acute liver injury. Daily monitoring with total 
bilirubin and aPTT level appears to be of benefit in these patients. 

Terminology
Poisoning of toxic mushrooms in South Korea, the vast majority of toxic 
mushroom ingestions were the amatoxin-containing mushrooms. Acute 
liver injury was defined as a > 5-fold elevation in liver enzymes or moderate 
coagulopathy (INR > 2.0).

Peer-review
In this study, specific criteria and precise timing for emergency liver 
transplantation in patients with wild mushroom-induced ALF were assessed. 
Presence of total bilirubin > 5 mg/dL or aPTT > 50 s on day 3 was prognostic of 
impending death.

 COMMENTS
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death[14]. By contrast, we found that AST and ALT 
levels at admission were not associated with patient 
mortality. This was not surprising, as AST and ALT 
levels were shown not to reflect hepatocellular necrosis 
and hepatotoxicity in patients with ALF[15,16]. Similarly, 
although serum Cr concentration has been associated 
with unfavorable outcome[6], we found that serum Cr 
concentrations did not differ significantly in our groups 
of survivors and non-survivors. Moreover, in contrast 
to findings that PT levels were prognostic in patients 
with liver dysfunction[17], the present study found that 
PT was not associated with mortality, perhaps because 
elevated PT may have been masked by the transfusion 
of coagulation factors into patients hospitalized for 
mushroom-induced acute liver injury. 

Total bilirubin concentration may be a better 
indicator of the severity of acute liver injury than ALT 
concentration[18]. High bilirubin concentrations can 
not only predict short-term mortality, but can also 
constitute a biochemical marker to improve triage of 
patients with acute-on-chronic liver failure, especially 
selecting patients for emerging interventions, such 
as extracorporeal liver assist devices and possibly 
improved early phase pharmacological therapies[19].

aPTT measures coagulation via the intrinsic (i.e., 
contact-activated) pathway[17]. Recent studies show 
that aPTT reflects failure of coagulation as a multi-
organ dysfunction in critically ill patients with ALF. 
Stravitz et al[20] noted monitoring the reaction time 
by thromboelastography or the aPTT might be more 
appropriate to assess bleeding risks in patients with 
ALI and ALF than the INR. Although aPTT is often less 
valuable than INR for diagnosing liver dysfunction, 
it may be more suitable for monitoring mushroom-
induced liver injury[21]. 

Deciding whether to transplant livers into patients 
with wild mushroom-induced ALF continues to be 
challenging. Although liver transplantation was shown 
to dramatically increase the survival rate of patients 
with amatoxin-induced ALF[1], the specific criteria and 
optimal timing of emergency transplantation remain 
to be determined[3,6]. Traditionally, transplant decisions 
are based on King’s College[22,23] or Clichy[24] criteria. 
Other, more specific, criteria have been developed to 
assess the need for transplantation in patients with 
amatoxin-induced acute liver injury. Ganzert’s criteria 
suggest that patients with amatoxin poisoning be listed 
for urgent LT, regardless of the presence of hepatic 
encephalopathy, if their prothrombin index is < 25% 
and their serum Cr is > 106 µmol/L on the third day 
after ingestion[6]. Escudie’s criteria suggest that urgent 
LT be considered in patients showing a reduction in 
prothrombin index below 10% of normal (INR > 6) 4 
or more days after ingestion[25]. Our study showed that 
both total bilirubin concentration and aPTT level were 
factors associated with in-hospital mortality in patients 
with acute liver injury arising from wild mushroom 
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