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Purpose: To describe the clinical characteristics and outcomes of myotoxic mushroom 
poisoning in Thailand.
Patients and Methods: We performed a retrospective cohort study of cases of myotoxic 
mushroom poisoning from the Ramathibodi Poison Center Toxic Exposure Surveillance 
System during a 5-year period (2012–2016).
Results: Forty-one cases were included. Most (53.7%) were male with the average age of 49 
years. In three cases, the mushrooms were identified as Russula species by an experienced 
mycologist. Common presenting symptoms were gastrointestinal (GI) symptoms and myal-
gia. The median onset of GI symptoms and symptoms suggesting rhabdomyolysis after 
consuming mushrooms was 2 hours (0.17–24 hours) and 24–48 hours (2–120 hours), 
respectively. Eight patients who ate the mushrooms together with other patients with 
rhabdomyolysis had GI symptoms but did not develop rhabdomyolysis. For patients with 
rhabdomyolysis, acute kidney injury (AKI) and hyperkalaemia occurred in 51.5% and 33.3% 
of cases, respectively. Median initial and maximum creatine phosphokinase (CPK) levels in 
patients with rhabdomyolysis were 31,145 and 47,861 U/L, respectively. Fifteen of 17 
patients who were investigated for troponin levels had elevated troponin. Three patients 
had a low ejection fraction. Most patients (95.1%) were admitted to hospital, with a median 
stay of 5 days. The mortality rate was 26.8%. Treatments included intravenous fluid, urine 
alkalinization, haemodialysis and peritoneal dialysis. Among patients with rhabdomyolysis, 
AKI, hyperkalaemia during hospitalisation, maximum CPK level, maximum creatinine level 
and initial and maximum potassium levels were the factors found to be significantly different 
between patients who died and those who survived.
Conclusion: Myotoxic mushroom poisoning had a high mortality rate. Most patients had 
early or delayed onset of clinical symptoms after mushroom ingestion. Some patients 
developed severe cardiovascular effects. Early detection, close monitoring (especially 
serum potassium, creatinine, CPK and cardiac effect) and good supportive care were the 
main treatment modalities.
Keywords: mushroom poisoning, rhabdomyolysis, cardiovascular effects, deaths, Russula 
species

Introduction
Mushroom poisoning is among the common food poisoning and environmental emer-
gencies. It is a health problem in many countries, resulting in morbidity and mortality.1–3 

The incidence of mushroom poisoning varies over the world, depending on many factors 
such as local culture and traditions, climate and the availability of wild mushrooms.1 

Foraging for and consuming wild mushrooms has led to an increasing incidence of 
mushroom poisoning.
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Foraging wild mushrooms might be considered as 
a recreational activity or food resources. Foraging for 
and eating wild mushrooms are local tradition in some 
countries. One study shows that the population of different 
regions in Europe were different in their consumption 
behaviour of wild mushrooms.4 Mushroom poisoning pre-
sents with a wide clinical spectrum, extending from mild 
to life-threatening severity.2,3 The clinical effects of mush-
room poisoning depend on the species and the amount 
ingested. Toxin-specific manifestations of mushroom poi-
soning are usually classified into groups based mainly on 
symptomatology and clinical effects.2,3 Most fatalities are 
due to amatoxin-containing species, which cause hepato-
toxicity and fulminant liver failure.2,3,5–7

Rhabdomyolysis is a syndrome of mushroom poison-
ing that is described as either rapid or delayed onset 
myotoxicity.2,3 Mushroom poisoning with delayed onset 
myotoxicity reported in literature is associated with inges-
tion of selected Tricholoma species, including 
T. equestre,2,8–12 and possibly T. terreum.2,13

However, some experts discuss and debate whether 
T. equestre is a toxic species.14,15 One study in humans 
did not find evidence of T. equestre toxicity and support 
that T. equestre is edible if ingested in reasonable amounts 
by healthy people.15

Mushroom poisoning with rapid onset myotoxicity is 
associated with ingestion of selected Russula species, 
including R. subnigricans2,16–18 or Russula subnigricans 
Hongo. The causative toxin has been reported as a highly 
strained carboxylic acid, cycloprop-2-ene carboxylic 
acid.2,19

Rhabdomyolysis is destruction of skeletal muscle 
resulting in injury to myocytes and their membranes.20 

Clinically, myotoxic mushroom-poisoned patients typi-
cally present with fatigue, myalgia, muscle weakness and 
dark urine representing rhabdomyolysis, with or without 
obvious gastrointestinal (GI) symptoms.8–11,16–18 Some 
patients with severe illness develop acute renal failure, 
electrolyte disturbances (hyperkalaemia, hypocalcaemia), 
respiratory failure, acute myocarditis, cardiac arrhythmias, 
pulmonary oedema, cardiac failure or cardiovascular 
collapse.8,11,16–18 Fatalities have been reported from myo-
toxic mushroom poisoning.8,10–12,17

In some areas of Thailand, foraging for and consuming 
wild mushrooms are also popular, contributing to the inci-
dence of mushroom poisoning in our country.7 Besides 
amatoxin poisoning, myotoxic mushroom poisoning has 
significant or severe clinical effects.21 Clinical data for 

myotoxic mushroom poisoning are limited. This study 
was undertaken to ascertain the clinical characteristics, 
outcome and factors associated with death in myotoxic 
mushroom poisoning for 5 years (2012–2016).

Patients and Methods
We performed a 5-year retrospective cohort study 
(January 2012 to December 2016) using data from the 
Ramathibodi Poison Center (RPC) Toxic Exposure 
Surveillance System, the database of our poison center. 
The primary outcomes were the clinical characteristics and 
outcomes of patients with ingestion of myotoxic mush-
rooms. The secondary outcome was factors associated 
with mortality in patients with rhabdomyolysis.

The setting of the study was the poison center of 
a tertiary teaching hospital. Ramathibodi Poison Center 
(RPC) responds to the consultations via telephones and 
provides toxicological information for both healthcare pro-
fessionals and the general public 24 hours a day, every day 
of the year. Most telephone calls to the RPC are from 
medical personnel from every region in Thailand. There 
are typically 15,000–25,000 calls per year. Follow-up calls 
by RPC information scientists are periodically made to 
collect and monitor case progress, to provide ongoing 
treatment recommendations, and to determine the medical 
outcomes of cases. All data of cases are recorded in the 
RPC Toxic Surveillance System database (the database of 
RPC) and are verified by a team of information scientists 
and medical toxicologists.

For the inclusion criteria, we included all patients with 
rhabdomyolysis associated with ingestion of mushrooms 
who were referred and consulted to the RPC. Other 
patients who had ingested mushrooms together with the 
patients who developed rhabdomyolysis, and visited hos-
pitals due to abnormal symptoms, were also included in 
our study; these patients were also defined as a poisoning 
group. The diagnosis of myotoxic mushroom poisoning 
was based on clinical data, including a history of mush-
room ingestion and development of rhabdomyolysis after 
ingestion of mushrooms without other explainable causes. 
Patients who had coingested mushrooms together with 
pesticides, illicit drugs, known drugs that can cause or 
induce rhabdomyolysis (such as statins) or overdose of 
medications at the presentation, were excluded from the 
study.

We collected data from patients who met the inclusion 
criteria on demography, medical history, clinical features, 
laboratory results, treatment modalities, follow-up details, 
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final diagnosis and outcome. Rhabdomyolysis was defined as 
creatine phosphokinase (CPK) >1000 U/L.20 Hyperkalaemia 
was defined as serum potassium >5 mmol/L.22 Acute kidney 
injury (AKI) was diagnosed based on clinical history and 
laboratory data using the Kidney Disease: Improving Global 
Outcomes (KDIGO) clinical practice guideline.23 We 
assumed that all patients without known underlying disease 
were healthy and previously had normal kidney function. 
Elevated levels of aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase, total bilirubin 
and cardiac enzyme were accepted if the patient’s laboratory 
results were more than the normal range of each hospital’s 
laboratory levels. Hypotension was defined as systolic blood 
pressure <90 mmHg.24 The seasons in Thailand are simply 
divided into three 4-month periods: rainy season (June– 
September), winter (October–January) and summer 
(February–May).25 We used PASW Statistics for Windows, 
Version 22 (SPSS, Chicago, IL, USA) to analyze the data. 
Means and standard deviations were used for continuous data 
with normal distribution; otherwise, medians with minimum 
and maximum were used. Frequencies and percentages were 
used for analysis of categorical data. Comparisons between 
groups were analyzed by Student’s t-test if two independent 
continuous data were normally distributed; otherwise, they 
were analyzed by the Mann–Whitney U-test. Differences in 
categorical variables were evaluated by chi-squared analysis 
and Fisher’s exact test. P-values less than 0.05 were consid-
ered to indicate statistical significance.

Results
Demographic Data
Forty-one poisoning cases from 24 consultations via telephone 
calls were included in the study. The mean age (±SD) of the 
patients was 49 (±16) years (range 15–79 years old), and 
twenty-two patients (22/41, 53.7%) were male. All 41 patients 
were Thai; twenty-two patients (53.7%) were from the north- 
east region, eighteen patients (43.9%) from the north region 
and one patient (2.4%) from the south region. All patients 
reported that they ate the mushrooms because they believed 
that those mushrooms were edible. Four patients reported that 
they coingested ethanol with mushrooms. Twenty-nine 
patients (70.7%) visited the hospital within 24 hours after 
eating the mushrooms. Twenty-eight patients (68.3%) pre-
sented to the hospital together with other family members or 
friends who had the same symptoms after consuming the 
mushrooms; these were considered together as poisoning 
groups. Four patients reported underlying diseases, which 

were one case each of HIV infection, type 2 diabetes, hyper-
tension and chronic kidney disease with hypertension and 
atrial fibrillation. Eleven patients reported the mushrooms 
they ate as “charcoal mushrooms” which commonly refers to 
Russula species, 3 patients reported other names of mush-
rooms (in Thai names; Pai, Karbnang and Kalumma mush-
rooms) and 27 patients did not know the names of the 
mushrooms. Twenty-four patients (58.5%) had cooked the 
mushrooms; there were no data about cooking for other 
patients. The mushrooms that were brought to the hospital 
by a group of three patients were identified as Russula species 
by an experienced mycologist. These three patients also 
reported the name of the mushroom they ate as Russula 
species. No spore identification in gastric content was done 
in all patients. Clinical data, including the onset of GI symp-
toms, myalgia and abnormal dark urine after consuming 
mushrooms, are shown in Table 1. The time of onset of GI 
symptoms after consuming mushrooms was <6 hours, >6 
hours and unknown in 13, 22 and 6 patients, respectively.

Clinical Presentations
The presenting symptoms are summarised in Table 2. 
Thirty-seven patients (90.2%) presented with GI symptoms, 
including mucous bloody diarrhea in one poisoning group of 
three patients. One patient also presented with hiccough. At 
the first presentation, 11 patients (26.8%) had hypotension, 
9 patients (22%) had tachycardia and 7 patients (17%) had 
a high temperature (≥37.8 C). Almost all patients (95.1%) 
were admitted to hospital, and the others were treated at 

Table 1 Clinical Characteristics of the Patients (41 Patients)

Characteristics Value

Age (year), mean ± SD 48.85 ± 

16.02

Season

-Rainy 24 (58.54)

-Winter 9 (21.95)
-Summer 8 (19.51)

Onset of gastrointestinal symptoms after consuming 

mushrooms (h) (27 cases)–median (min–max)

2 

(0.17–24)

Onset of myalgia after consuming mushrooms (h) (15 

cases)–median (min–max)

24 (3–96)

Onset of dark urine after consuming mushrooms (h) 

(16 cases)–median (min–max)

48 

(2–120)

Time to hospital after consuming mushrooms (h) 

median (min–max)

21 

(2–120)
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outpatient clinics. Eight patients (range of age; 15–54 years 
old) who ate mushrooms together with other patients with 
rhabdomyolysis, all had GI symptoms after mushroom 
ingestion, but did not have rhabdomyolysis. Six from 8 
patients were admitted in hospitals. One of these 8 patients 
had normal CPK level and the other 7 patients did not have 
results of CPK level noted in our data; however, they did not 
have symptoms of dark urine or myalgia during hospitaliza-
tion. These 8 patients were concluded that they had only GI 
symptoms, but no rhabdomyolysis. Therefore, 80.5% of all 
patients developed rhabdomyolysis after mushroom inges-
tion. The clinical features of the patients with rhabdomyo-
lysis during hospital stay are shown in Table 3, and 
laboratory results are shown in Table 4. A subset of patients 
underwent laboratory or imaging studies only once, at the 
first hospital visit or admission.

One 23-year-old patient with underlying heart disease, 
who had the highest maximum levels of AST (6195 IU/L) 
and ALT (1926 IU/L) during hospitalisation, presented 
with dyspnoea and productive cough after eating wild 
mushrooms 3 days prior to visiting the hospital. At pre-
sentation, he had fever and developed shock. His AST, 
ALT, alkaline phosphatase (ALP), CPK and total bilirubin 
were 8066 IU/L, 4080 IU/L, 234 IU/L, 11,000 IU/L and 
5.09 mg/dL, respectively. His liver function test suggested 
a hepatocellular pattern of liver injury. A coagulogram was 
not performed. He had AKI (creatinine 1.9 mg/dL) and 
cardiomegaly. He was diagnosed with wild mushroom 
poisoning, community acquired pneumonia and cardio-
genic shock. After supportive care and treatment with 
N-acetylcysteine and antibiotics, he recovered with AST 
592, ALT 1597 and CPK 956 IU/L and was discharged 
4 days after admission.

Table 2 Presenting Symptoms of the Patients (41 Patients)

Symptoms Number (%) of Patients

Nausea/vomiting 35 (85.4)
Abdominal pain 26 (63.4)

Myalgia 19 (46.3)

Abnormal dark urine 18 (43.9)
Diarrhoea 14 (34.1)

Dizziness 8 (19.5)

Dyspnoea 8 (19.5)
Chest pain 7 (17.1)

Motor weakness 1 (2.4)
Hiccough 1 (2.4)

Table 3 Clinical Features of Patients with Rhabdomyolysis (33 
Patients) During Hospitalisation

Clinical Features Reported (Number of 
Cases with Recorded Data)

Number (%) of 
Patients

Elevated AST and ALT 32 (97)

AKI 17 (51.5)

Elevated cardiac enzymes
- Troponin (I or T) (17 cases) 15 (88.2)

- CK-MB (14 cases) 14 (100)

Hyperkalaemia (30 cases) 10 (33.3)

Abnormal chest X-ray (20 cases) 13 (65)

Abnormal electrocardiogram (20 cases) 13 (65)

Abnormal echocardiogram (4 cases) 3 (75)

Abbreviations: AST, aspartate aminotransferase; ALT, alanine transaminase; AKI, 
acute kidney injury; CK-MB, creatine kinase-MB.

Table 4 Laboratory Findings for Patients with Rhabdomyolysis 
(33 Patients)

Finding Result

Initial CPK results (U/L), median (min–max) 31,145 

(1221–284,720)

Maximum CPK results (U/L), median (min–max) 47,861 

(8616–330,000)

Initial AST results (IU/L), median (min–max) 627 (33–8066)

Maximum AST results (IU/L), median (min–max) 1358 (69–8066)

Initial ALT results (IU/L), median (min–max) 222 (30–4080)

Maximum ALT results (IU/L), median (min–max) 464 (32–4080)

Initial creatinine results (mg/dL), median (min– 

max)

0.90 (0.36–3.60)

Maximum creatinine results (mg/mL), median 

(min–max)

1.31 (0.36–9.96)

Initial CK-MB results (U/L) (14 cases), median 

(min–max)

1602 (50–6443)

Maximum CK-MB results (U/L) (14 cases), 

median (min–max)

1770.5 (50–7649)

Initial potassium results (mmol/L) (30 cases), 

mean ± SD

4.3 ± 0.7

Maximum potassium results (mmol/L) (30 cases), 

mean ± SD

4.7 ± 1.0

Initial WBC results (cells/mm3) (22 cases), mean 

± SD

14,730.5 ± 

4952.8

Abbreviations: CPK, creatine phosphokinase; AST, aspartate aminotransferase; 
ALT, alanine transaminase; CK-MB, creatine kinase-MB; WBC, white blood cell.
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The patient who had the second highest maximum AST 
and ALT during hospitalisation presented to the hospital 
along with two other patients; all three had rhabdomyoly-
sis. The patient had initial AST, ALT and CPK levels of 
124, 52 and 4510 U/L, respectively, and maximum AST, 
ALT and CPK levels of 6195, 1926 and 229,836 IU/L, 
respectively. His international normalised ratio (INR) was 
normal for the entire clinical course.

Among patients with rhabdomyolysis, almost all (32 
patients) had both elevated maximum AST (range, 
538–8066 IU/L) and ALT (range, 81–4080 IU/L). Two 
patients had a prothrombin time with INR > 1.5, one 
patient was taking warfarin and the other was diagnosed 
with disseminated intravascular coagulation (DIC). An 
abnormal chest X-ray was recorded in 13 patients, includ-
ing findings of pulmonary infiltration, pulmonary oedema 
and pleural effusion in both unilateral or bilateral lungs. 
The electrocardiogram showed abnormalities in 13 of 21 
patients. These included sinus tachycardia, ST segment 
elevation, ST segment depression, atrial fibrillation, ven-
tricular tachycardia, ventricular fibrillation and junctional 
rhythm. Three of four patients who received an echocar-
diogram had a low ejection fraction (EF) (25%, 27% and 
30–40%). The patient who had an EF of 25% died.

Management and Medical Outcomes
Thirty-four patients (82.9%) received intravenous fluid 
therapy. Other treatment regimens were multiple-dose- 
activated charcoal (MDAC) (27 cases, 65.9%), intrave-
nous (IV) N-acetylcysteine (NAC) (22 cases, 53.7%), 
urine alkalinization (20 cases, 48.9%), oral high-dose sily-
marin (8 cases, 19.5%), IV penicillin G (7 cases, 17.1%) 
and IV antibiotic (11 cases, 26.8%). Haemodialysis and 
peritoneal dialysis were performed in five (12.2%) and two 
(4.9%) patients, respectively. Twenty-five patients (61%) 
were intubated with ventilator support. Fourteen patients 
(34.1%) received inotropic drugs. The median length of 
hospital stay was 5 days (range, 1–36 days). Sixteen 
patients were admitted for more than 1 week. Eleven 
patients (26.8%) died and all of them had rhabdomyolysis. 
Eight patients died within 3 days after admission, and the 
other three died at 4, 16 and 24 days after admission. One 
patient who died had the complication of ventilator- 
associated pneumonia and pneumothorax.

To analyze factors associated with death, we compared 
the clinical characteristics and laboratory findings between 
patients with rhabdomyolysis who died and those who 
survived (Table 5). We performed the analysis for only 

those patients who had rhabdomyolysis. In patients with 
rhabdomyolysis, differences between dead and surviving 
patients in the following parameters were found to be 
statistically significant: AKI, hyperkalaemia during hospi-
talisation, maximum CPK level, maximum creatinine level 
and initial and maximum potassium levels.

Discussion
With 41 cases studied over a 5-year period, this study is 
one of the largest series of suspected myotoxic mush-
room poisoning reported to date. Myotoxic mushroom 
poisoning was mainly diagnosed based on a history of 
mushroom ingestion together with symptoms, clinical 
signs and the finding of rhabdomyolysis. However, 
most of our patients exhibited rhabdomyolysis after 
ingestion of mushrooms and exposure as a poisoning 
group. This might help confirm the diagnosis of mush-
room poisoning, even though no definite investigation 
could be performed. This might represent clinical prac-
tice in the real world, in which evaluation by an expert 
mycologist is not commonly available and the specific 
toxin either is never analyzed or is reported late after 
mushroom ingestion.

Nearly all the patients (97.6%) were from the north-east 
and north regions, where foraging for wild mushrooms is 
a common cultural practice.7 Mushroom poisoning 
occurred mainly during the rainy season, which is the grow-
ing season for mushrooms. All patients reported that they 
felt that the mushrooms were edible. Some of them identi-
fied the mushrooms as “charcoal mushrooms”, which com-
monly refers to edible mushrooms including Russula 
nigricans (large charcoal mushrooms) and Russula densi-
folia (small charcoal mushrooms) in Thailand.26 Russula 
subnigricans Hongo is reported to have been discovered in 
Thailand.21,27 The mushrooms brought by one group of 
patients were identified by the mycologist as Russula spe-
cies. Based on previous reports of R. subnigricans poison-
ing in Asia.16–18 we postulated that the mushroom that 
caused rhabdomyolysis in our patients might have been 
R. subnigricans. Performing morphological and molecular 
identification of mushrooms and/or spores analysis in gas-
tric content or feces, might help confirm the causative 
mushroom for myotoxic mushroom poisoning in the future 
study.

Previous studies of R. subnigricans poisoning 
reported both early and delayed onset of GI symptoms 
as “within 2 hours”,16 “6 hours”18 and “20 hours”.17 

The onset of GI symptoms after mushroom ingestion 
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in our study was reported as either early (<6 hours) or 
delayed (>6 hours), but still within 24 hours. However, 
some of our patients did not present with GI symptoms. 
The median onset of symptoms suggesting rhabdomyo-
lysis was approximately 1–2 days (2–3 hours to 4–5 
days) after ingestion of mushrooms. The onset of symp-
toms (GI symptoms or myalgia or dark urine) of myo-
toxic mushroom poisoning in our study could be either 
early or delayed. These were different from other 
reports of myotoxic mushroom poisoning from 
R. subnigricans, in which the patients in those reports 
had GI symptoms and developed myalgia or weakness 
within 24 hours after consuming mushrooms.16–18 Due 
to more patients were included in our study, this might 
explain these findings. Altogether, patients presenting 
with GI symptoms or other symptoms suggesting rhab-
domyolysis after ingestion of mushrooms, either early or 
delayed, should be investigated for early diagnosis and 
prompt treatment of the poisoning.

Some patients who ate the mushrooms together and 
presented with other patients with rhabdomyolysis (classi-
fied as a poisoning group), had GI symptoms but did not 
develop rhabdomyolysis. Therefore, in patients who eat 
the mushrooms together, there could be only some patients 
manifested the overt characteristic of toxicity as rhabdo-
myolysis, not all of them. The explanation for this finding 
might be contributed from the different amount/dose that 
patients ingested or the individual susceptibility for rhab-
domyolysis, further investigation and studies are required 
to elucidate and clarify this finding.

Almost all patients with rhabdomyolysis had elevated 
AST and ALT. However, the patient with the highest AST 
(8066 IU/L) and ALT (4080 IU/L) in our study had shock 
at presentation, so the very high AST and ALT might have 
been partially due to hypotension. The 2nd highest ALT 
level was 1926 IU/L. ALT can be elevated in patients with 
rhabdomyolysis in the absence of significant liver injury.28 

No patient had coagulopathy except for one patient who 

Table 5 Differences in Clinical Characteristics and Laboratory Findings Between Patients Who Survived and Patients Who Died for 
Patients with Rhabdomyolysis (33 Patients)

Clinical Characteristic or Laboratory Finding Patients with Rhabdomyolysis

Survived (22) Died (11) P-value

Age (years), mean ± SD 50.09 ± 14.20 58.45 ± 12.41 0.107

Sex (%)

Male 10 (45.5) 6 (54.5) 0.622
Female 12 (54.5) 5 (45.5)

AKI (35 cases) (%) 6 (27.3) 11 (100) <0.001

Shock during hospitalisation (%) 5 (22.7) 6 (54.5) 0.117

Hyperkalaemia during hospitalisation (32 cases) (%) 2 (of 20) (10) 8 (of 10) (80) <0.001

Initial CPK results (IU/L), median (min–max) 27,882.5 (1221–284,720) 39,157 (2746–179,506) 0.492

Maximum CPK results (IU/L), median (min–max) 36,245.5 (8616–330,000) 86,544 (34,449–179,506) 0.029

Initial AST results (IU/L), median (min–max) 709 (51–8066) 200 (33–4083) 0.456

Maximum AST results (IU/L), median (min–max) 1141 (538–8066) 2157 (69–4083) 0.593

Initial ALT results (IU/L), median (min–max) 225.5 (30–4080) 76 (30–1103) 0.302

Maximum ALT results (IU/L), median (min–max) 460 (135–4080) 464 (32–1791) 0.819

Maximum CK-MB results (IU/L), median (min–max) 1313.5 (300–2800) 3018.5 (50–7649) 0.439

Initial potassium results (mmol/L), mean ± SD 4.03 ± 0.46 4.68 ± 0.85 0.045

Maximum potassium results (mmol/L), mean ± SD 4.25 ± 0.74 5.60 ± 0.98 <0.001

Initial creatinine results (mg/dL), median (min–max) 0.84 (0.36–3.11) 1.31 (0.58–3.60) 0.054

Maximum creatinine results (mg/dL), median (min–max) 0.84 (0.36–9.96) 2.46 (1.31–7.70) 0.001

Abbreviations: AKI, acute kidney injury; AST, aspartate aminotransferase; ALT, alanine transaminase; CPK, creatine phosphokinase; CK-MB, creatine kinase-MB.
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was taking warfarin and another patient with DIC. 
Therefore, elevation of AST and ALT in our patients was 
resulted from rhabdomyolysis and myotoxic mushroom 
poisoning itself may not cause significant hepatotoxicity. 
This is consistent with other studies that did not report 
hepatotoxicity in their patients.16–18

Most patients in our study who were investigated for 
cardiac abnormalities had elevated cardiac enzymes, an 
abnormal electrocardiogram or an abnormal echocardio-
gram. Some patients developed cardiac dysrhythmia. 
These findings strengthen previous reports8,11,16–18 that 
myotoxic mushroom poisoning can cause severe cardiac 
toxicity, such as acute myocarditis or cardiac arrhythmia in 
some cases. Therefore, all patients with this mushroom 
poisoning should be investigated for cardiac abnormalities 
by electrocardiogram, measurement of cardiac enzymes 
and echocardiogram in severe cases.

Most patients survived after receiving supportive care. 
Some patients were treated during hospitalisation with 
MDAC, intravenous NAC, oral high-dose silymarin or 
IV penicillin G because of the physician’s suspicion of 
amatoxin-containing mushroom poisoning. Mortality in 
our study was about 27% in all patients and 33.3% in 
patients with rhabdomyolysis, which was higher than that 
in the report of R. subnigricans mushroom poisoning 
(14.3%)17 or even some reports of Tricholoma equestre 
mushroom poisoning.11 Our finding of high mortality may 
be due to the selection bias resulting from referral of 
severe cases to our poison centre. Because of the high 
fatality rate of mushroom poisoning, public education 
about wild mushroom picking and mushroom poisoning, 
especially before the beginning of the rainy season, should 
be implemented and promoted to prevent poisoning. We 
found that AKI, serum potassium level, serum creatinine 
level and serum CPK level were associated with death. In 
addition to cardiac evaluation, patients should be inten-
sively monitored for serum potassium, creatinine and 
CPK, and abnormalities should be aggressively treated. 
Early detection, close monitoring and good supportive 
care are the main management modalities, especially in 
high-risk patients.

Our study had some limitations which can be listed as 
follows. First, our study was retrospective in nature 
together with data obtained from telephone consultations, 
such that it might have contained some incomplete data 
(such as the patients’ underlying diseases, the coingestion 
with other substances or some laboratory results). Medical 
history was obtained from patients, which they recognized, 

reported to the medical personnel; therefore, sometimes 
this might not be clearly or completely accurate. Second, 
a small number of patients were included in this study. 
Finally, there was no laboratory test performed to confirm 
the specific toxin of myotoxic mushrooms.

Conclusions
Myotoxic mushroom poisoning had a high mortality rate 
in this study. Most patients had either early or delayed 
onset of clinical symptoms after ingestion of mushrooms. 
Some patients developed severe cardiovascular effects, 
including cardiac arrhythmia and myocarditis. AKI, hyper-
kalaemia during hospitalisation, maximum CPK levels, 
maximum creatinine level and initial and maximum potas-
sium levels were associated with death. Early detection, 
close monitoring and good supportive care were the main 
treatment modalities.
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