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Abstract
To explore the clinical characteristics of non-pediatric patients with acute fulminant myocarditis (AFM) and evaluate the treatment
effects of astragalus injection on this disease.
A total of 54 AFM patients were screened out from 586 patients with acute myocarditis, admitted to the department of cardiology

between January 2011 to June 2018. The demographic and clinical data, investigations, treatments, and short-term outcomes were
collected and retrospectively analyzed.
The mean age of the 54 AFM patients was 34±16.5 years old (range: 13–70 years), including 24 (44.5%) men and 30 (55.5%)

women, with a high incidence in 2 age groups: 13–19 and 40–49 years old, despite an inverse trend to the increase of age. All these
cases were admitted in emergency conditions: 26 (48.1%) cardiogenic shock, 18 (33.4%) malignant arrhythmias, 8 (14.8%) severe
heart failure, and 2 (3.7%) acute pericardial tamponade. Apart from first-aid measures, 37 (68.5%) patients received astragalus
injection. During hospitalization, 11 (20.4%) patients died, and 4 (36.3%) of themwere from astragalus group while 7 (63.7%) of them
from without-astragalus group (P=0.03). Furthermore, the levels of cardiac injury biomarkers, renal function and left ventricular
ejection fraction of astragalus group were significantly improved compared with those of without-astragalus group at discharge (all
P< .05).
Middle-aged people were also prone to AFM. And cardiac shock was the most common, while acute pericardial tamponade was a

rare presentation in non-pediatric AFM patients. Astragalus was a potential adjuvant medicine for the treatment of AFM.

Abbreviations: AFM = acute fulminant myocarditis, ALT = alanine aminotransferase, AMC = acute myocarditis, AST = aspartate
transaminase, CAG = coronary artery angiography, CK-MB = creatine kinase-myoglobin, CPR = cardiorespiratory resuscitation,
CTA = computed tomography angiography, cTnI = cardiac troponin I, CVB3 = coxsackievirus B3, ECMO = extracorporeal
membrane oxygenator, EMB = endomyocardial biopsy, ER = endoplasmic reticulum, HF = heart failure, IgM = immunoglobulin M,
LGE-cMRI = late gadolinium-enhanced cardiac MRI, LVEF = left ventricular ejection fraction, TCM = traditional Chinese medicine,
UCG = echocardiogram, WBC = white blood cell.
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1. Introduction

Acute fulminant myocarditis (AFM), the most severe type of
acute myocarditis (AMC), is a sudden onset and quickly
developed life-threating heart disease, which commonly occurs
in children and young adults.[1] Due to the diversity of its etiology
and clinical manifestations, the incidence of AFM is difficult to
identify. Nevertheless, the data from pediatric patients has shown
that AFM constitutes approximately 10% to 38% of AMC,[2–5]

and only about 51.6% child patients could survive from AFM.[6]

By contrast, the clinical studies about adult AFM patients are
relatively less,[7] and more studies are needed to enrich them and
improve patient outcomes.
Of all reasons, viral infection has been considered as an

important cause of AFM. However, besides emergency salvages,
now there is no specific treatment for AFM, even though some
pathogenic viruses have been identified.[8,9] Astragalus is a
traditional Chinese medicine (TCM), consisting of several
ingredients such as astragaloside IV, flavonoids, polysaccharides
and saponin.[10] In recent years, a series of clinical and
experimental studies revealed that astragalus plays a protective
role in AMC by presenting anti-inflammatory, antiviral,
antifibrotic, and immunoregulatory effects on myocardial
injuries.[11–14] Unavoidably, it might be used in some AFM
patients. But so far, we did not find the relevant reports yet.
Therefore, the aim of this study was firstly to retrospectively

collect and analyze the clinical features of AFM in non-pediatric
patients, and secondly to explore the effects of astragalus on
AFM, based on the regular treatment.
2. Methods

2.1. Patients

We began this study with retrospectively assessing AMCpatients,
aged over 12 years old, who were admitted to our department of
Cardiology between January 2011 and June 2018. And finally, a
total of 54 AFM patients were screened out from 586 AMC
patients for this study. The diagnosis of AMC was established
mainly according to 2013 ESC statement on myocardial and
pericardial diseases.[9] On the basis of this statement and the
Japanese criteria for pediatric AFM,[6] AFM was diagnosed with
the following conditions:
(1)
 a recent history of prodromal infection, especially respiratory
or gastrointestinal infection;
(2)
 sudden onset of severe cardiac dysfunctions, such as
cardiogenic shock, aggravation of heart failure (HF), and
malignant arrhythmias;
(3)
 evidence of severe myocardial damages, including significant
elevation in levels of myocardial injury biomarkers [creatine
kinase-myoglobin (CK-MB) / troponin I (TnI)], changes in
electrocardiogram (ST-T segment elevation, high degree
of atrioventricular block, and /or ventricular arrhythmias)
and echocardiogram (UCG: an obvious decrease in systolic
and/or diastolic function, while an increase in cardiac
chambers);
(4)
 requirements of vasoactive drugs, life-support machines
[ventilator, extracorporeal membrane oxygenator (ECMO),
or intra-aortic balloon pump], and/or cardiorespiratory
resuscitation (CPR);
(5)
 exclusions of coronary artery disease and other diseases.
2

2.2. Treatments

All of AFM patients were treated urgently at admission. The life-
support treatment included vasoactive drugs, CPR, intra-aortic
balloon pump, ECMO, respirator, and implantable cardioverter
defibrillator. Besides this, we divided them into 2 groups,
according to whether they had received astragalus injection.
Astragalus injection was approved for the treatment of viral
myocarditis by China Food andDrug Administration in 2002.[12]

It contains astragalus, at a concentration equivalent to 2g of raw
drugs per milliliter. Generally, it was injected via an intravenous
drip per day, with 20mL solution containing 40g astragalus
added in 5% glucose solution. A therapeutic duration of this
TCM was 7 to 14 days.
2.3. Data collection

The information of each patient was obtained from hospital
electronic medical records, including demographics and clinical
symptoms, laboratory investigations, electrocardiogram, chest X
ray, UCG, late gadolinium-enhanced cardiac MRI (LGE-cMRI),
coronary artery angiography (CAG) or computed tomography
angiography (CTA). And the clinical data comprised values at
admission and discharge, as well as the peak values of cardiac
troponin I (cTnI). The short-term outcomes of AFMpatients were
also collected for retrospectively evaluation. This study was
performed in accordance with the ethical guidelines of the 1975
Declaration of Helsinki, as revised in 2008 and approved by the
ethics committee of Tongji Medical College, Huazhong Univer-
sity of Science and Technology, Wuhan, China.
The viral pathogen, mainly referring to enterovirus, was

detected by the method of polymerase chain reaction from blood
samples. The serum immunoglobulin M (IgM) antibodies against
viruses, including coxsackievirus B3 (CVB3) /B5 and giant cell
virus, were measured by enzyme linked immunosorbent assay.

2.4. Statistical analysis

Data were analyzed using SPSS ver. 24.0 (SPSS Inc., Chicago, IL).
Continuous variables were expressed as mean± standard devia-
tion (SD) or median [interquartile range (IQR)] according to
normal or nonnormal distribution and categorical data are
reported as proportions. The data was compared between the 2
groups by use of the unpaired Student t-test or Mann–Whitney U
test, whereas categorical variables were compared via the Pearson
chi-squared tests. The relationship between the short outcome of
AFM patients and clinical risk factors was analyzed by stepwise
multiple regression. All statistical tests were two-sided, and
significance was defined as P< .05.
3. Results

3.1. Demographics and initial symptoms

The mean age of 54 non-pediatric AFM patients, accounted for
9.2% of AMC patients admitted for hospitalization, was 34.0±
16.5 years old (range, 13–70 years). As shown in Figure 1, non-
pediatric AFM had a high incidence in two age groups: 13 to 19
and 40 to 49 years old, although it indicated an inverse trend to
the increase of age. Among all patients, 24 (44.5%) weremen and
30 (55.5%) were women, and over 60% had a recent history of
prodromal infection. Most patients presented with cardiac shock



Figure 1. Age distribution of 54 non-pediatric AFM patients (range 13–70
years old). Bars stand for numbers of patients in each age group.
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(48.1%) at onset, followed by fatal arrhythmias (33.4%) and
severe HF (14.8%), while 2 patients developed acute pericardial
tamponade, which was rarely happened in AFM (Table 1).
Out of 54 AFM patients, 37 (68.5%) received astragalus

injection, who were younger than those without astragalus
treatment (29.8±15.1 vs 43.1±16.0 years, P= .01). Moreover,
there was a significant difference in clinical manifestations
between these 2 groups (P= .01), with no pericardial tamponade
in astragalus treated group and more fatal arrhythmias (71.4%)
in without-astragalus patients. The sex, previous history, disease
course, incidence of prodromal infection, heart rate and low
blood pressure were similar in both groups (Table 1).
Table 1

The demographics and clinical presentations of non-pediatric AFM p

Characteristics Total Astragalus

Number 54 37 (68.
Age (yr) 34.0±16.5 29.8±1
Sex (male) 24 (44.5%) 16 (43.
Previous history
Hypertension 1 (1.9%) 0
Smoking 0 0
Drug addiction 0 0
Disease course (days) 7 (5–7) 7 (4.5–

Recent prodromal infection
Digestive infection 8 (14.8%) 5 (13.5
Respiratory infection 29 (53.7%) 19 (51.
Fever 21 (38.9%) 16 (43.

Vital signs at admission
Heart rate (bpm) 98.5±35.0 94.3±3
SBp (mmHg) 101.2±18.3 98.9±1
DBp (mmHg) 63.8±11.9 63.5±1

Clinical presentations at onset
Cardiac shock 26 (48.1%) 16 (43.
Severe heart failure 8 (14.8%) 8 (21.6
Maligant arrhythmias 18 (33.4%) 13 (35.
Pericardial tamponade 2 (3.7%) 0

Values are mean±SD, n (%) or median (interquartile range (IQR)). P-value refers to the difference between
AFM= acute fulminant myocarditis, bpm=beats per minute, DBp=diastolic blood pressure, mmHg=m
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3.2. Clinical investigations at admission

The values of clinical investigations conducted at admission were
shown in Table 2. The levels of cTnI and white blood cell (WBC)
were all obviously elevated in both groups, especially those in
without-astragalus treated group, but there was only a difference
in WBC counts between these two groups (8.9 [6.6–12.1] vs 11.0
[7.6–21.8] G/L, P= .03). The similar changes as cTnI were also
found in the levels of creatine kinase, CK-MB, lactate
dehydrogenase, alanine aminotransferase (ALT), and aspartate
transaminase (AST), although each of them presented a mild or
moderate increase. However, the median levels of blood
creatinine in without-astragalus treated patients were higher
than those in astragalus treated patients, even though both of
them remained in normal range.Meanwhile, a mild-to-morderate
and equivalent reduction of left ventricular ejection fraction
(LVEF) was observed in two groups [(43.0±16.4) % vs (44.8±
12.5) %, P= .68].
Viral investigation was completed in 35 (64.8%) patients. Of

these patients, 15 (42.9%) were tested positive for enterovirus,
with 12 in astragalus treated group [7 enterovirus-RNA (+), 3
CVB3-IgM (+), 2 enterovirus-RNA + coxsackievirus B5-IgM (+)]
and 3 [enterovirus-RNA (+)] in without-astragalus group
respectively. Giant cell virus-IgM antibodies were not found in
both groups. And there was no difference in viral infection
between patients with or without astragalus treatment (P= .42).

3.3. Astragalus treatment and mortality

During hospitalization, 11 (20.4%) patients died in 5 days,
including 6 (54.5%) cardiac shock, 4 (36.4%) fatal arrhythmias,
and 1 (9.1%) severe HF. As the illness was too serious, all of them
did not undergo the tests of LGE-cMRI and CAG/CTA. Except
that, all survivors completed the LGE-cMRI examination to
confirm the diagnosis of AFM, and 30 (69.8%) of them, aged
over 25 years, underwent CAG/CTA test to exclude the diagnosis
atients.

group Without-astragalus group P values

5%) 17 (31.5%) /
5.1 43.1±16.0 .01
2%) 8 (47.1%) .79

1 (5.8%) .69
0 1.00
0 1.00

7) 7 (5–14) .98

%) 3 (17.6%) .70
4%) 10 (58.8%) .61
2%) 5 (29.4%) .33

3.8 107.4±36.7 .21
7.4 105.8±19.7 .21
2.0 64.3±12.1 .82

.01
3%) 8 (47.1%) /
%) 0 /
1%) 5 (71.4%) /

2 (28.6%) /

astragalus and without-astragalus groups, and P value< .05 was considered statistically significant.
illimeters of mercury, SBp= systolic blood pressure.
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Table 2

Clinical investigations at admission in non-pediatric AFM patients.

Variables Total (n=54) Astragalus group (n=37) Without-astragalus group (n=17) P values

WBC (G/L) 9.6 (7.1–14.1) 8.9 (6.6–12.1) 11.0 (7.6–21.8) .03
ALT (U/L) 127.5 (70.5–525.0) 119.0 (66.5–524.3) 314.5 (83.3–1462) .34
AST (U/L) 161.0 (68.8–679.5) 128.5 (55.5–657.3) 343.0 (130.8–944.3) .11
BUN (mmol/L) 6.8 (5.1–11.6) 6.8 (4.9–10.6) 8.3 (6.0–14.6) .18
Cr (mmol/L) 72.2 (58.2–120.6) 63.7 (54.9–105.2) 88.5 (72.8–159.1) .02
CK (U/L) 290.0 (75.5–1184.0) 231.5 (74.3–1174.8) 728.0 (95.0–1527.0) .28
CK-MB (ng/ml) 13.3 (4.6–62.0) 11.5 (3.1–45.7) 36.3 (5.9–69.1) .46
LDH (U/L) 650.0 (328.5–1204.0) 564.0 (299.8–1095.8) 666.0 (50.0–1385.0) .28
cTnI (pg/ml) 8799.8 (1091.6–28307.2) 7544.8 (1088.5–18043.0) 12162.8 (1091.6–46216.1) .47
Viral investigation 35 (64.8%) 24 (64.9%) 11 (64.7%) .44
Positive (+) 15 (42.9%) 12 (50%) 3 (27.2%) .42
Enterovirus-RNA (+) 10 (66.7%) 7 (58.3%) 3 (100%) /
CVB3-IgM (+) 3 (20%) 3 (25%) 0 (0%) /
Enterovirus+CVB5-IgM (+) 2 (13.3%) 2 (16.7%) 0 (0%) /
Giant cell virus-IgM (+) 0 (0%) 0 (0%) 0 (0%) /
LVEF (%) 43.6±15.2 43.0±16.4 44.8±12.5 .68

Values are mean±SD, n (%) or median (interquartile range (IQR)). P-value refers to the difference between astragalus and without-astragalus groups, and P value< .05 was considered statistically significant.
ALT= alanine aminotransferase, AST= aspartate transaminase, BUN=blood urine nitrogen, CK= creatine kinase, CK-MB= creatine kinase-myoglobin, Cr= creatinine, cTnI= cardiac troponin I, CVB3=
Coxsackievirus B3, CVB5=Coxsackievirus B5, IgM= immunoglobulinM, LDH= lactate dehydrogenase, LVEF= left ventricular ejection fraction, WBC=white blood cell count.
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of coronary artery disease. Although 2 patients with acute
pericardial tamponade were survived from the disease, there were
no significant differences in clinical types and life-support
treatments between survivors and the death except for CPR.
However, of 43 survivors, 33 (76.7%) received astragalus
treatment at admission, differed from the death with only 4
(36.4%) astragalus treated patients (P= .03) (Table 3).
Beyond that, a comparison of the clinical data showed that, the

death had more higher level of cTnI and CK-MB than survivors,
whether those at admission [41220.3 (18469.0–125637.1) vs
3547.0 (809.0–16591.9) pg/ml, P= .004 and 55.2 (35.5–90.1) vs
10.4 (2.7–36.3) ng/mL, P= .02, respectively] or their peak levels
in hospitalization [51867.2 (25573.3–134976.5) vs. 8504.6
(809.0–19085.0) pg/mL, P= .005 and 56.0 (38.5–115.7) vs 13.1
(2.7–46.1) ng/mL, P= .004, respectively]. And no differences
Table 3

The motality and treatments of non-pediatric AFM patients during ho

Characteristics Total

Number 54
Astragalus treatement group 37 (68.5%)
Clinical presentations
Cardiac shock 26 (48.1%)
Sever heart failure 8 (14.8%)
Fatal arrhythmias 18 (33.4%)
Pericardial tamponade 2 (3.7%)

Life-support treatments
Vasoactive drugs 39 (72.2%)
CPR 19 (35.2%)
IABP 8 (14.8%)
ECMO 2 (3.7%)
Respirator 14 (25.9%)
ICD 9 (16.7%)
LGE-cMRI 43 (79.6%)
CAG/CTA 30 (55.6%)

Values are expressed as the number of patients (%). P-value refers to the difference between the surv
CAG/CTA= coronary artery angiography/computed tomography angiography, CPR= cardiopulmonary res
implantable cardioverter defibrillator, LGE-cMRI= late gadolinium-enhanced cardiac MRI.
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were found in sex, age, heart rate, incubation period, blood
pressure, and levels of WBC, AST, ALT, blood urea nitrogen,
creatinine, CK or lactate dehydrogenase between these 2 groups
(Table 4).
After entering all significant variables including astragalus

treatment, CPR, cTnI and CK-MB levels at admission, peak levels
of cTnI and CK-MB into the stepwise multiple regression
analysis, it showed that only astragalus treatment [standard
partial regression coefficient (b)=�1.758, P= .027] was the
predictor to the outcome of non-pediatric AFM patients during
hospitalization, and the adjusted R2 of the final model was 0.6
[Supplemental Digital Content (Suppl Table 1, http://links.lww.
com/MD/F209)]. However, considering the limitation of
sample size, the reliability of this result might not be sufficiently
strong.
spitalization.

Survivor Death P values

43 (79.6%) 11 (20.4%) /
33 (76.7%) 4 (36.4%) .03

.81
20 (46.5%) 6 (54.5%) /
7 (16.2%) 1 (9.1%) /
14 (32.6%) 4 (36.4%) /
2 (4.7%) 0 (0%) /

28 (65.1%) 11 (100%) .61
8 (18.6%) 11 (100%) <.001
7 (16.3%) 1 (9.1%) .40
2 (4.7%) 0 (0%) .84
9 (20.9%) 5 (45.5%) .20
7 (16.3%) 2 (18.2%) .79
43 (100%) 0 (0%) <.001
30 (69.8%) 0 (0%) <.001

ivors and the death, and P value <.05 was considered statistically significant.
uscitation, ECMO= extracorporeal membrane oxygenation, IABP= intra-aortic balloon pump, ICD=

http://links.lww.com/MD/F209
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Table 4

Clinical risk factors associated with AFM in-hospital mortaliy.

Characteristics Survivor (n=43) Death (n=11) P values

Sex (male) 19 (44.2%) 5 (45.5%) 1.00
Age (yr) 32.3±16.5 42.4±20.3 .76
Heart rate (bpm) 94.3±36.0 114.7±26.1 .08
Incubation period (days) 7 (5–7) 7 (4–14) .98
SBp (mmHg) 99.5 (90.0–108.0) 98.0 (92.0–105.0) .84
DBp (mmHg) 63.6±12.0 64.8±12.3 .76
Levels at admission
WBC (G/L) 9.5 (6.7–14.1) 9.7 (7.7–13.5) .61
ALT (U/L) 173.5 (82.5–525.0) 88.0 (40.8–373.3) .11
AST (U/L) 161.0 (74.3–712.8) 186.5 (45.3–642.0) .72
BUN (mmol/L) 6.8 (5.3–11.7) 8.3 (4.8–10.9) .68
Cr (mmol/L) 70.7 (56.7–109.6) 104.3 (65.2–162.8) .12
CK (U/L) 241.0 (65.0–1184.0) 905.5 (415.0–1335.3) .09
CK-MB (ng/ml) 10.4 (2.7–36.3) 55.2 (35.5–90.1) .02
LDH (U/L) 592.0 (294.0–1121.0) 715.5 (493.8–1363.0) .30
cTnI (pg/ml) 3547.0 (809.0–16591.9) 41220.3 (18469.0–125637.1) .004

Peak levels
WBC (G/L) 14.4±7.0 12.8±4.9 .52
ALT (U/L) 313.0 (91.3–703.0) 99.5 (62.0–1611.8) .32
AST (U/L) 296.0 (80.0–757.0) 241.5 (120.0–1908.5) .83
BUN (mmol/L) 8.9 (6.8–13.3) 9.4 (6.5–18.1) .77
Cr (mmol/L) 81.9 (62.5–152.6) 155.3 (71.4–209.4) .14
CK (U/L) 359.0 (65.0–1184.0) 1049.5 (581.5–1889.0) .11
CK-MB (ng/mL) 13.1 (2.7–46.1) 56.0 (38.5–115.7) .004
LDH (U/L) 674.0 (355.0–1287.0) 1208.5 (731.5–2344.8) .10
cTnI (pg/mL) 8504.6 (809.0–19085.0) 51867.2 (25573.3–134976.5) .005

Values are mean±SD, n (%) or median (interquartile range (IQR)). P value refers to the difference between the survivors and the death, and P value <.05 was considered statistically significant. ALT= alanine
aminotransferase, AST= aspartate aminotransferase, BUN=blood urine nitrogen, CK= creatine kinase, CK-MB= creatine kinase-myoglobin, Cr= creatinine, cTnI= cardiac troponin I, LDH= lactate
dehydrogenase, WBC=white blood cell.
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3.4. Astragalus treatment for survivors

Compared the clinical data from peak levels to those at discharge,
astragalus group presented apparent improvements in cardiac
injury biomarkers, LVEF, WBC counts, liver function, renal
function and atrioventricular block (all P � .05). In without-
astragalus group, most of these parameters were also ameliorat-
ed, but the differences were just found in WBC, ALT, and AST
levels (all P< .05) (Table 5).
Table 5

Effects of astragalus treatment on survivors of in-hospital non-pedia

Astragalus group (n=37)

Variables Peak levels At discharge P val

WBC (G/L) 12.2±4.8 8.4±4.4 .0
ALT (U/L) 177.5 (82.5–534.0) 81.5 (40.3–127.0) .0
AST (U/L) 210.0 (59.0–786.3) 34.5 (28.0–58.8) <.0
BUN (mmol/L) 8.8 (6.4–12.4) 6.3 (4.3–8.5) .0
Cr (mmol/L) 76.7 (63.8–128.8) 60.8 (49.8–74.1) .0
CK (U/L) 409.5 (110.5–1175.3) 51.5 (33.5–209.8) <.0
CK-MB (ng/ml) 15.9 (3.1–66.5) 2.3 (0.9–5.8) <.0
LDH (U/L) 811.0 (371.8–1287.0) 345.0 (253.0–771) .0
cTnI (pg/ml) 11803.5 (1088.5–26852.8) 272.0 (109.1–8317.1) .0
ST- elevation 26 (70.3%) 27 (73.0%) .7
Q-wave 15 (40.5%) 10 (27.0%) .2
AVB-III 6 (16.2%) 1 (2.7%) .0
LVEF (%) 41.7±16.5 54.2±16.7 .0

Values are mean±SD, n (%) or median (interquartile range (IQR)). P value refers to the difference between th
considered statistically significant. ALT= alanine aminotransferase, AST= aspartate aminotransferase, AVB
myoglobin, Cr= creatinine, cTnI= cardiac troponin I, LDH= lactate dehydrogenase, LVEF= left ventricul
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4. Discussion

In this study, the proportion of non-pediatric AFM in AMC
inpatients was 54/586 (9.2%), less than that of pediatric patients.
A relative imperfect immune system in children might be a
plausible explanation for this discrepancy. However, besides
young persons, patients aged 40 to 49 years were also found
displaying a high incidence of AFM in present study. But in 2017,
an Italian study, enrolled 55 AFM patients with the similar age
tric AFM patients.

Without-astragalus group (n=17)

ues Peak levels At discharge P values

01 18.5±8.3 9.1±3.8 .001
01 423.5 (89.3–1768.5) 80.5 (59.8–194.3) .04
01 343.0 (137.0–998.3) 66.0 (48.3–257.5) .01
04 11.0 (7.6–20.9) 8.9 (5.7–18.0) .36
03 162.8 (76.1–216.8) 120.1 (59.4–205.2) .41
01 756.0 (95.0–2330.5) 94.0 (42.0–897.0) .67
01 36.3 (8.0–82.5) 5.0 (2.0–56.0) .13
1 758.0 (556.0–1964.5) 627.0 (421.5–779.0) .11
01 12162.8 (1091.6–70192.0) 1229.2 (165.2–32955.4) .08
6 11 (64.7%) 8 (47.1%) .30
1 1 (5.9%) 1 (5.9%) 1.00
4 1 (5.9%) 0 (0%) .23
03 44.5±12.2 50.5±12.6 .19

e peak levels and the discharge in astragalus group or without-astragalus group, and P value<.05 was
= atrioventricular block, BUN=blood urine nitrogen, CK= creatine kinase, CK-MB=creatine kinase-

ar ejection fraction, WBC=white blood cell.
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composition, showed that AFM accounted for up to 29.4%
AMC patients.[15] The diversity might be associated with genetic
and environmental factors. And the high risk in the middle-aged
group was probably from their sub-healthy condition under too
much stress. Moreover, lack of a definitive and uniform
diagnostic criteria was a tricky problem in AFM epidemiology
because of the subjective assessment of the disease severity.[1,9]

The clinical manifestations are of great value in the diagnosis of
AFM. Generally, cardiac shock, fatal arrhythmias, and severe HF
are indicated to be the common presentations.[16] In this study,
we found that acute pericardial tamponade could be a new
clinical type of AFM. Certainly, it should be emphasized that only
patients simultaneously combined with great elevation of cTnI
and hemodynamic instability were considered as AFM. Although
the prompt pericardiocentesis partly alleviated the emergency,
the two patients with pericardial tamponade in this study
recovered after undergoing CPR and treatment of myocardial
protective medicines. Besides this, it should be noted that, along
with the serious condition, the LVEF at admission was not
reduced as much as expected in AFM patients. The reason might
be associated with the time for UCG examination, some of which
followed the rescue of cardiac shock on the admission day.
Additionally, not all AFM patients had a history of prodromal
infection or the evidence of viral infection. But the increase of
blood WBC suggested the existence of inflammation caused by
bacteria or other pathogens. Considering that both AFM and
severe sepsis could lead to multiple organ dysfunctions and even
shock, accompanied by elevation of cTnI, AFM was diagnosed
on condition that myocardial damages were the primary and the
most severe presentations.
As we known, endomyocardial biopsy (EMB) and histopa-

thology are actually the gold standard for AMC diagnosis, [17,18]

and the blood measurements of antiviral IgM antibodies and
WBC are unspecific indicators for inflammation.[9] Nevertheless,
EMB is not a routine test and unsuitable for emergency patients.
And up to now there is still no definite time for it to be carried out
during the course of AFM.[19] Most importantly, the endomyo-
cardial bioptome was not used in China until recent years. Thus,
LGE-cMRI and Lake-Louise criteria are a valuable method for
the diagnosis of AMC in this study.[9,20,21] So with the exception
of the death, all survivors out of danger were investigated by
CMR-LGE, and the evidence of myocardial inflammation and
fibrosis supported the final diagnosis of AFM integrating with all
clinical data, based on exclusion of other heart diseases. In
addition, the detection of blood enterovirus-RNA and coxsack-
ievirus IgM antibodies suggested enterovirus was the most
common pathogen for non-pediatric AFM in this study, despite
that giant cell virus was usually as an important causative virus.
The outcome of AFM is mainly determined by the severity of

myocardial damages. To some extent, it could be predicted by
serological biomarkers, viral examination, decreased LVEF,
prolonged QRS duration, systolic hypotension, etc.[22–25] In the
present study, the in-hospital mortality of non-pediatric AFM
was 20.4%, far below pediatric patients’.[6] And the higher cTnI
levels means the worse outcomes. In addition, unexpectedly,
there was a difference in astragalus treatment between the death
and survivors. Of note, the insufficient treatment time for the
dead patients and the younger age in treatment group might not
enough to support the significance of astragalus injection, but the
improvements of astragalus treatment in survivors at discharge
further presented its potential benefits to AFM patients. The
protective mechanism of this TCM on myocarditis was related to
6

its ingredients, which has been proved as follows: (1) Calycosin-
7-O-beta-D-glucopyranoside, derived from astragalus membra-
naceus, exerted significant anti-CVB3 activities by inhibiting
CVB3-mediated cytopathic effects and reducing the myocardial
virus titers.[26] (2) astragaloside IV inhibited CVB3 proliferation
by upregulating interferon-gamma,[27] and reduced cardiomyo-
cyte apoptosis through suppressing FAS/FASL signaling pathway
and myocardial expression of inflammatory cytokines.[28] (3)
astragalus polysaccharide ameliorated CVB3-induced myocardi-
al damages and inflammation by blocking TLR-4/NF-kB p65
signaling pathway,[29] and enhanced the immunity to viruses.[30]

(4) astragalus flavonoids prevented arrhythmias by alleviating
endoplasmic reticulum stress, increasing connexcin 43 (Cx43)
expression,[31] and improving CVB3-induced dysfunction of
endoplasmic reticulum -mediated Ca2+ homeostasis.[11] Current-
ly, although the mechanical circulatory support, especially
ECMO), is strongly recommended for AFM treatment,[32–34] it
is not fully used in a majority of hospitals yet. And without EMB
results and definite clinical evidence, there is still ambiguous in
adding immunosuppressant,[1,9,35] immunoglobulin (IgA)[1,36,37]

or interferon antiviral therapies.[38,39] In this event, astragalus
injection might be an option to be considered, based on the
conventional treatments.
5. Conclusions

Middle-aged people were also prone to AFM. And cardiac shock
was the most common, while acute pericardial tamponade was a
rare presentation in non-pediatric AFM patients. Astragalus was
a potential adjuvant medicine for the treatment of AFM.
6. Limitations

There are some limitations should be pointed out in this study.
First, EMB was not performed to confirm the AFM diagnosis.
Second, the long-term outcomes need to be followed up in non-
pediatric AFM patients. Third, the efficacy of astragalus
treatment for AFM needs further studies. And finally, the sample
size is relatively small, and we hope to carry out a multi-center
investigation or prospective study to support the conclusions in
the future.
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