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Abstract

The diagnosis of liver damage induced by mushroom poisoning is still challenging. This study aims to screen the early
biological indexes that could predict acute mushroom poisoning with liver damage. The patients with acute mushroom
poisoning and liver damage admitted to The First Affiliated Hospital of Dalian Medical University,China from July 2007 to
August 2017 were analyzed retrospectively. A total of 66 patients were enrolled in this study, with 44 and 22 patients in the
liver injury group and liver failure group, respectively. Ten patients in the liver failure group died, with a mortality of 45.5% in
this group. Multivariable Cox regression showed that the blood ammonia (NH3) and lactic acid (Lac) at the time of admission
were independently associated with the in-hospital time to death for patients with liver failure induced by mushroom
poisoning. Lactate and blood ammonia at the time of admission could be used to predict the prognosis of patients with acute
mushroom poisoning and liver failure.
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Introduction
Toadstool poisoning, a foodborne disease, is a leading cause of
death every year worldwide [1–5]. Although there are more than
10 000 species of mushrooms worldwide, around 50–100 of them
are potentially harmful. Amanita phalloides is one of the most
poisonous mushrooms and is responsible for most fatal cases

due to mushroom poisoning. Three toxins present in this species
include amatoxins, phallotoxins, and virotoxins. Of these three
toxins, amatoxins, especially α-amanitin, can have particularly
toxic and varied effects. One of the mechanisms of this toxicity
has been proposed via inhibition of RNA polymerase II, leading
to a deficit of protein and cell death. The liver is often the main
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organ targeted during this toxicity [6, 7]. The mushroom poison-
ing includes an initial asymptomatic phase, followed by gastroin-
testinal symptoms, liver and kidney injuries. Although several
mechanisms have been proposed and investigated regarding
mushroom poisoning, the treatment strategies are still limited
[8]. At present, the treatment of mushroom poisoning includes
blocking the enterohepatic circulation of toxins, promoting the
excretion of toxins, and protecting organs from damage. For
patients with severe liver injury, liver transplantation may be the
final treatment plan [9].

However, the criteria for emergency liver transplantation are
still unclear. Also, as many hospitals and healthcare workers can-
not identify the mushroom species responsible for the toxicity,
amatoxin poisoning is often a challenge in the field [10]. Thus,
there is a critical requirement to identify biological markers
that could predict the prognosis of poisoning and liver failure
associated with mushroom consumption.

Background

Ammonia is a metabolic waste generated during the process of
amino acid catabolism. This toxic waste metabolite is converted
into urea in the liver; thus, liver dysfunction is often associated
with hyperammonemia [11]. Patients with chronic liver disease
were found to have elevated lactate levels [12]. Studies also show
that arterial ammonia levels can predict mortality with 78%
sensitivity and 77.5% diagnostic accuracy in acute liver failure
[13]. Similarly, lactate levels and lactate clearance have been
shown to reflect the severity of disease in critically ill patients
with liver cirrhosis [14]. Indeed, both serum lactate kinetics and
ammonia have been proposed as prognostic markers for high
mortality risk associated with liver cirrhosis and organ failure
[15, 16].

Objectives

In this study, we decided to investigate early markers that could
assist in the prognosis of patients with mushroom poisoning-
associated liver damage. The current lack of methods to predict
mushroom poisoning necessitates the need to develop tools for
the same. Previous studies indicated that the prognostic role
of lactate and ammonia levels could assess the risk of death
associated with liver failure. Hence, we attempted to probe if
these markers could predict mortality linked to liver damage
associated with mushroom poisoning.

Materials and Methods
Patients and study design

Patients admitted to the First Affiliated Hospital of Dalian Medi-
cal University from July 2007 to August 2017 and diagnosed with
acute mushroom poisoning with liver damage were analyzed
retrospectively. The diagnosis criteria were a clear history of
eating wild mushrooms and the appearance of digestive tract
symptoms after eating them to rule out liver damage caused by
other reasons. Those with existing cirrhosis and new diseases
(acute heart failure, acute renal failure, and acute hepatitis)
within 26 weeks were excluded.

All patients received primary treatment and blood purifica-
tion. All liver injury groups were treated with hemoperfusion to
remove toxins based on liver function and renal function after
admission. CRRT was used to reduce organ damage in patients

with multiple organ damage. If the liver function was rapidly
deteriorating, combined with plasma exchange. The liver failure
group chose CRRT combined with plasma exchange as the main
treatment and hemoperfusion to remove bilirubin in patients
with high bilirubin.

The study was conducted in accordance with the Basic and
Clinical Pharmacology and Toxicology policy for experimental
and clinical studies [17]. This study was approved by the Ethics
Committee of the First Affiliated Hospital of Dalian Medical
University [PJ-KS-JG-QX-2020-77] and written informed consent
was waived due to the retrospective nature of this study.

Grouping

Liver injury criteria: gastrointestinal symptoms after poisoning,
transaminases more than five times elevated, INR > 2. [18]. Liver
failure: extreme weakness, jaundice more than 170 mmol/L or
elevation > 17 mmol/L per day, hepatic encephalopathy, INR > 1.5
[19]. Data analysis was carried out between the liver injury group
and the liver failure group and between the dead and the survival
in the liver failure group.

Data collection and definition

Data for gender, age, poisoning severity score (PSS) [20], days
since onset, a series of biochemical indexes at the time of admis-
sion, and death during hospitalization were collected from the
medical records of the patients. PSS score refers to the recom-
mended scoring for the severity of acute poisoning where the
value of the score increases with the severity of poisoning.

Statistical analysis

SPSS 16.0 software (SPSS Inc., Chicago, IL, USA) was used for anal-
ysis. Continuous variables were represented using the median
and interquartile range. Due to the small sample size and the
heterogeneous variance between the groups, the nonparametric
test of two independent samples was used to analyze and show
the difference between the two groups. Categorical variables
were shown as frequencies and percentages, and the chi-square
(χ2) test was used for their comparison. Univariable and multi-
variable Cox regression models were used to explore the factors
related to time from hospital admission to in-hospital death.
Factors with statistical significance in univariable analysis were
included in multivariable regression analysis. P-values <0.05
were considered statistically significant.

Results
General characteristics

There were 105 patients eligible for mushroom poisoning. A total
of 66 patients met the criteria of liver injury, excluding 39 patients
with nonhepatic injury and whose transaminase is always less
than five times. Among 66 patients, 44 comprised the liver injury
group and 22 were in the liver failure group. We analyzed the
liver injury group and liver failure group indexes at the time of
admission (Table 1).

Significant differences were noted in gender, PSS, AST, ALT,
TBIL, PT, INR, TP, NH3, Amy, and lipase at the time of admission
between the liver injury and the liver failure group (all P < 0.05).
Patients in the liver failure group had more females (54.5% vs.
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Table 1: Characteristics between liver injury and liver failure groups

Characteristics Liver injury group (n = 44) Liver failure group (n = 22) P

Gender, n (%)
Male 20 (45.5) 12 (54.5) <0.01∗∗
Female 24 (54.5) 10 (45.5)

PSS, median (range) 8.00 (3.00–13.00) 1.00 (6.00–7.60) <0.01∗∗
Age (years), median (range) 54.50 (27.00–79.00) 51.50 (36.00–72.00) 0.28
Days since onset (days), median (range) 2.50 (1.00–9.00) 2.75 (2.00–8.00) 0.71
Length of in-hospital stay (days), median (range) 9.00 (4.00–15.00) 6.50 (2.00–17.00) 0.15
AST (U/L), median (range) 1389.00 (134.00–5263.00) 4644.00 (97.00–8369.00) <0.01∗∗
ALT (U/L), median (range) 2152.50 (244.00–6351.00) 5213.00 (508.00–10388.00) <0.01∗∗
TBIL (μmol/L), median (range) 82.30 (13.20–99.40) 8.40 (16.80–214.90) <0.01∗∗
PT (s), median (range) 16.10 1.90–106.00) 26.45 (11.40–81.50) 0.02∗
INR, median (range) 1.43 (.99–6.00) 2.45 (1.13–6.84) 0.01∗
Lac(mmol/L),median (range) 1.10 (.60–2.80) 3.05 (.80–15.00) <0.01∗∗
ALB (g/L), median (range) 4.05 (29.10–56.00) 35.50 (31.00–56.00) 0.13
TP (g/L), median (range) 68.20 (43.60–85.00) 6.90 (48.20–75.80) 0.02∗
NH3 (μmol/L), median (range) 31.00 (8.00–8.00) 73.50 (16.00–235.00) <0.01∗∗
Hb (g/L), median (range) 141.00 (81.00–19.00) 145.00 (11.000–2.00) 0.25
PLT (109/L), median (range) 16.50 (6.00–308.00) 126.50 (22.40–352.00) 0.05
Amy (U/L), median (range) 76.50 (31.00–191.00) 114.00 (42.00–284.00) 0.01∗
Lipase (U/L), median (range) 139.50 (39.00–765.00) 289.00 (122.00–1713.00) 0.01∗
Cre (μmol/L), median (range) 57.50 (32.00–259.00) 6.50 (38.75–281.00) 0.69

∗P < 0.05.
∗∗P < 0.01.
PSS: poisoning severity score; AST: aspartate transaminase; ALT: alanine transaminase; TBIL: total bilirubin; PT: prothrombin time; INR: international normalized ratio;
Lac: lactic acid; ALB: albumin; TP: total protein; NH3: blood ammonia; Hb: hemoglobin; PLT: platelet; Amy: amylase; Cre: creatinine.

45.5%, P < 0.01), higher PSS score (1.0 [6.0–7.6] vs. 8.0 [3.0–13.0],
P < 0.01), severe liver damage, and pancreatic damage (Table 1).

Blood purification treatment

All patients were divided into liver injury group and liver failure
group according to their condition at the time of admission.
The liver injury group and liver failure group underwent differ-
ent frequencies of hemoperfusion, hemofiltration and plasma
exchange according to the damage of the organs. The specific
treatment conditions are shown in (Table 2).

Survival and death subgroups

All patients in the liver injury group survived after treatment.
The patients in the liver failure group were further divided into
survival and death subgroups, and the indexes at the time of
admission for different subgroups in the liver failure group were
analyzed (Table 3).

Among the 22 patients in the liver failure group, 10 patients
were deceased, including 3 males and 7 females, with a mortality
of 45.5% in the liver failure group. There were no significant
differences in the days since onset, ALT, AST, Hb, TBIL, PLT, and
Amy at the time of admission between the survival and death
subgroups (all P > 0.05; Table 3). However, there were significant
differences in age, PSS score, PT, INR, Lac, ALB, TP, NH3 at the time
of admission, and length of in-hospital stay between the survival
and death subgroups (all P < 0.05; Table 3).

Predictive factors of survival and death

The Cox regression model was established to determine the
length of in-hospital stay with the time variable; the death as the

survival outcome variable; and PSS, AST, ALT, TBIL, PT, INR, Lac,
ALB, TP, NH3, Hb, PLT, Amy, Lipase, Cre covariates as independent
variables. Results revealed that the NH3 [hazard ratio (HR): 1.011,
95% confidence interval (CI): 1.000–1.021, P = 0.042] and Lac (HR:
1.187, 95% CI: 1.026–1.372, P = 0.021) at the time of admission
were independently associated with in-hospital time to death
for patients with liver failure induced by mushroom poisoning
(Fig. 1, Table 4)).

Discussion
Most of the acute mushroom poisoning patients admitted to our
hospital suffered from acute gastroenteritis and liver damage.
We experienced a total mortality rate of 9.5% and a mortality rate
of 45.4% in patients with acute liver failure. We found that blood
ammonia levels and lactic acid were independently associated
with time to death for patients with mushroom poisoning asso-
ciated with liver failure. Thus, we suggested the NH3 and Lac as
possible predictive factors of the in-hospital mortality rate for
patients with liver failure caused by mushroom poisoning.

Although the mortality observed in our study is consistent
with previous studies [21], it is also lower than that reported
in some studies [22]. This indicated that some patients with
liver failure could survive through comprehensive treatment and
without liver transplantation.

There is no specific antidote for acute mushroom poisoning.
It has been previously reported that blood purification treatment
can significantly eliminate toxins and improve prognosis [23–25].
In this study, we observed that patients in the liver injury group
survived post active blood purification treatment.

Cox regression model was established for patients in the
liver failure group with the length of in-hospital stay as time
variable and death as the survival outcome variable, and the
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Table 2: The treatment situation is shown in the figure below

Liver injury group (n = 44) Liver failure group (n = 22)

Treatment times Person times Treatment times Person times

HP 0 1 0 5
1 17 1 6
2 6 2 9
3 10 5 1
4 5 6 1
5 5

CRRT 0 22 0 10
1 5 1 6
2 5 2 4
3 9 3 1
4 1 14
6 1
7 1

PE 0 19 0 2
1 7 1 7
2 8 2 3
3 7 3 4
4 2 4 3
5 1 5 3

Table 3: Characteristics between survival and death subgroups in the liver failure group

Characteristics Survival subgroup (n = 12) Death subgroup (n = 10) P

Gender, n (%)
Male 9 (75.0) 3 (3.0) 0.03∗
Female 3 (25.0) 7 (7.0)

PSS, median (range) 1.00 (6.00–12.00) 12.00 (7.00–17.00) 0.05∗
Age (years), median (range) 47.50 (36.00–6.00) 57.50 (42.00–72.00) 0.04∗
Days since onset (days), median (range) 2.00 (2.00–8.00) 3.00 (2.00–4.00) 0.96
Length of in-hospital stay (days), median (range) 9.00 (6.00–17.00) 3.00 (2.00–5.00) <0.01∗∗
AST (U/L), median (range) 5365.50 (97.00–8268.00) 402.50 (716.00–8369.00) 0.49
ALT (U/L), median (range) 5213.00 (1005.00–7049.00) 503.50 (508.00–10388.00) 0.87
TBIL (μmol/L), median (range) 59.30 (44.30–214.90) 87.35 (16.80–155.70) 0.59
PT (s), median (range) 2.45 (11.40–32.90) 33.25 (16.30–81.50) 0.01∗∗
INR, median (range) 2.14 (1.13–2.90) 2.90 (1.48–6.84) <0.01∗∗
Lac (mmol/L), median (range) 2.25 (.80–3.50) 7.55 (2.08–15.00) <0.01∗∗
ALB (g/L), median (range) 40.30 (34.30–56.00) 34.10 (31.00–36.10) <0.01∗∗
TP (g/L), median (range) 64.65 (49.70–75.80) 53.05 (48.20–65.40) 0.02∗∗
NH3 (μmol/L), median (range) 50.50 (16.00–121.00) 94.00 (28.00–235.00) 0.02∗∗
Hb (g/L), median (range) 159.00 (12.00–2.00) 139.50 (11.00–168.00) 0.06
PLT (109/L), median (range) 150.50 (65.00–213.00) 73.50 (22.40–352.00) 0.74
Amy (U/L), median (range) 107.00 (42.00–158.00) 116.00 (9.00–284.00) 0.15
Lipase (U/L), median (range) 233.50 (122.00–984.00) 557.00 (261.00–1713.00) 0.02
Cre (μmol/L), median (range) 64.00 (39.00–88.00) 57.00 (38.75–281.00) 0.41

∗P < 0.05.
∗∗P < 0.01.

results showed that lactate and ammonia at the time of admis-
sion were the risk factors of death. It was consistent with pre-
vious studies that show that the prognosis of patients with
mushroom poisoning can be predicted 3 days post-onset of
disease [18].

More than 95% of mushroom poisoning-related deaths
worldwide are related to mushrooms with amatoxin [26]. The
main species of toadstools in northern China are Amanita. Most
patients were admitted to our hospital after 3 days of the onset
of the disease when typical liver damage had already appeared
clinically. Moreover, patients with liver failure often died 3 days

after admission, consistent with previous studies where most of
the patients with severe mushroom poisoning died within 1 week
[21, 27]. Previous studies have also detected elevated lactate
levels in patients with mushroom-induced acute liver failure
[21]; however, the possibility of using these levels as prognostic
markers was not suggested.

Limitations
First, all data in our study were from one medical center, and the
results are not necessarily suitable for other regions or countries.



854 Toxicology Research, 2021, Vol. 10, No. 4

Figure 1: Survival function at mean of covariates.

Table 4: Predictive factors of the time to death in the liver failure group

Index Univariable analysis Multivariable analysis

HR 95% CI P HR 95% CI P

PSS 1.266 1.008–1.589 0.043∗ - - -
AST (U/L) - - 0.449 - - -
ALT (U/L) - - 0.801 - - -
TBIL (μmol/L) - - 0.645 - - -
PT (s) 1.031 1.007–1.055 0.011∗ - - -
INR 1.426 1.056–1.925 0.021∗ - - -
Lac (mmol/L) 1.090 1.047–1.353 0.008∗∗ 1.187 1.026–1.372 0.021∗∗
ALB (g/L) 0.749 0.588–.955 0.020∗ - - -
TP (g/L) 0.926 0.853–1.004 0.026 - - -
NH3 (μmol/L) 1.012 1.002–1.022 0.014∗ 1.011 1.000–1.021 0.042∗∗
Hb (g/L) - - 0.144 - - -
PLT (109/L) - - 0.668 - - -
Amy (U/L) - - 0.231 - - -
Lipase (U/L) 1.001 1.000–1.003 0.055 - - -
Cre (μmol/L) - - 0.638 - - -

∗P < 0.05.
∗∗P < 0.01.

Secondly, as a retrospective analysis, there was selective bias,
which could have impacted the conclusion.

Conclusion
Our study found that blood purification treatment could improve
the rescue success rate of mushroom poisoning patients with
liver injury. NH3 and Lac were shown to be the predictive factors
of the in-hospital time to death for patients with liver failure
induced by mushroom poisoning, providing a clinical reference
for physicians confronting this issue.
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