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Objectives: Fulminant myocarditis (FM) is a rapidly progressive and frequently fatal form
of myocarditis that has been difficult to classify. This study aims to compare the clinical
characteristics, treatments and outcomes in patients with fulminant giant cell myocarditis
(FGCM) and fulminant lymphocytic myocarditis (FLM).

Methods and Results: In our retrospective study, nine patients with FGCM (mean age
47.9 4+ 7.5 years, six female) and 7 FLM (mean age 42.1 £+ 12.3 years, four female)
patients confirmed by histology in the last 11 years were included. Most patients with
FGCM and FLM were NYHA functional class IV (56 vs. 100%, p = 0.132). Patients with
FGCM had significantly lower levels of high-sensitivity C-reactive protein [hs-CRP, 4.4
(2.0-10.2) mg/L vs. 13.6 (12.6-14.6) mg/L, P = 0.004, data shown as the median with
IQR], creatine kinase-myoglobin [CK-MB, 1.4 (1.0-3.2) ng/ml vs. 14.6 (3.0-64.9) ng/ml,
P = 0.025, median with IQR], and alanine aminotransferase [ALT, 38.0 (25.0-61.5) IU/L
vs. 997.0 (50.0-3,080.0) IU/L, P = 0.030, median with IQR] and greater right ventricular
end-diastolic diameter (RVEDD) [2.9 £ 0.3cmvs. 2.4 + 0.6 cm, P = 0.034, mean 4 SD]
than those with FLM. No differences were observed in the use of intra-aortic balloon
pump (44 vs. 43%, p = 1.000) and extracorporeal membrane oxygenation (11 vs. 43%,
p = 0.262) between the two groups. The long-term survival rate was significantly lower
in FGCM group compared with FLM group (0 vs. 71.4%, p = 0.022). A multivariate
cox regression analysis showed the level of hs-CRP (hazard ratio = 0.871, 95%
confidence interval: 0.761-0.996, P = 0.043) was an independent prognostic factor for
FM patients. Furthermore, the level of hs-CRP had a good ability to discriminate between
patients with FGCM and FLM (AUC = 0.94, 95% confidence interval: 0.4213-0.9964).
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Conclusions: The inflammatory response and myocardial damage in the patients with
FGCM were milder than those with FLM. Patients with FGCM had distinctly poorer
prognoses compared with those with FLM. Our results suggest that hs-CRP could be
a promising prognostic biomarker and a hs-CRP level of 11.71 mg/L is an appropriate
cutoff point for the differentiating diagnosis between patients with FGCM and FLM.

Keywords: fulminant myocarditis, giant cell myocarditis, lymphocytic myocarditis, myocardial biopsy, heart

transplantation, outcome

INTRODUCTION

Fulminant myocarditis (FM) is the most severe form of acute
myocarditis characterized by a progressively rapid decline
in cardiac function, which often requires inotropes and/or
mechanical circulation support (1). The in-hospital mortality rate
of FM is as high as 40% despite the comprehensive treatments (2,
3). Histological confirmation of myocarditis by endomyocardial
biopsy (EMB) is the reference standard for the diagnosis of
FM (4). Additionally, EMB is essential to differentiate specific
histological subtypes like giant cell myocarditis from lymphocytic
myocarditis (5). Despite being highly recommended in patients
with fulminant myocarditis by recent scientific statements (6, 7),
EMB is often considered invasive and rarely performed.

Giant cell myocarditis (GCM) is a rare and frequently fatal
form of myocarditis (8, 9). It manifests a great variety of
clinical courses, often presents with progressive heart failure,
and sometimes presents with ventricular tachycardia (10-
12). Lymphocytic myocarditis is the most common form of
myocarditis (5). Viral symptoms often precede the appearance
of cardiac symptoms (13-16). There are some differences in
the etiology, clinical manifestations, treatments and prognoses
between GCM and lymphocytic myocarditis. GCM is considered
to be primarily autoimmune because of its association with
numerous autoimmune disorders (12), thymoma (17), and
drug hypersensitivity (18). Early immunosuppressive therapy
is recommended for patients with GCM, while the role of
immunosuppressive agents in lymphocytic myocarditis remains
controversial (5, 19). A recent report on 163 FM patients
confirmed by EMB demonstrated that patients with GCM
have significantly worse prognoses compared with lymphocytic
myocarditis (20).

However, few reports provide a comprehensive comparison
of differences between fulminant giant cell myocarditis (FGCM)
and fulminant lymphocytic myocarditis (FLM), particularly
in Asian populations. Here we describe the differences in
clinical manifestations, laboratory findings, echocardiographic
features, treatments, and outcomes of patients with histologically
proven myocarditis. Furthermore, biomarkers associated with
differential diagnosis and prognosis evaluation in FM patients are
discussed in this study.

METHODS

Study Population
From January 2010 to 2021 May, a total of 16 patients with
histologically diagnosed as GCM and lymphocytic myocarditis at

Fuwai Hospital were enrolled in this study. Myocardial samples
were obtained from the explanted hearts or endomyocardial
biopsies. The pathologic criteria for GCM are a diffuse or
multifocal inflammatory infiltrate consisting of lymphocytes
with multinucleated giant cells associated with myocyte damage
(21). Characteristic histopathology of lymphocytic myocarditis
is an exclusively or predominately lymphocytic infiltrate with
inconspicuous numbers of plasma cells, macrophages, and/or
neutrophils (22). The diagnosis of FM was based on previously
published reports (6, 19, 23), as a low cardiac output syndrome
requiring inotropes and/or MCS.

Data Collection

The following information of each patient were collected
from medical records: demographics (age, sex, and body mass
index), comorbidities, main clinical manifestations, results of
admission laboratory tests and echocardiography, and the details
of treatments with drugs and devices. The endpoint of this study
was death or cardiac transplantation. The study followed the
tenets of the Declaration of Helsinki and was approved by the
Institutional Ethical Committee. All participating patients signed
informed consent.

Statistical Analysis

Categorical variables were expressed as percentages and
continuous variables were expressed mean £+ SD or median
(IQR) as appropriate. Categorical variables were analyzed by
chi-square tests or Fisher’s exact test. For comparing continuous
variables, the student’s ¢-test or Mann-Whitney U-test was used
as appropriate. Kaplan-Meier (K-M) analysis was performed to
compare the survival differences of the patients with FLM and
FGCM, and the significance of the difference between the two
groups was examined by the log-rank test. The relationships
between variables and mortality were assessed by the Cox
proportional hazards regression analysis. The receiver operating
characteristic (ROC) curve was used to assess the accuracy of
predictions. A two-sided P < 0.05 was considered significant.
All statistical analysis was performed using IBM SPSS Statistics
software version 23.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Demographic Data and Clinical
Manifestations

The study population consisted of 16 patients, of whom nine
were diagnosed with FGCM, while seven were diagnosed with
FLM. The representative myocardial histologic appearances
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FIGURE 1 | Representative histopathology and immunopathology of patients with FGCM (upper line) and FLM (lower line). First column, hematoxylin and eosin (H&E);
second column, Masson trichrome staining; third column, staining with anti-CD3 antibody; fourth column, staining with anti-CD68 antibody.
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FIGURE 2 | Short axis (left column) and four-chamber section (right column)
cardiac magnetic resonance images of representative patients with FGCM
(upper line) and FLM (lower line).

and cardiac magnetic resonance images were presented in
Figures 1, 2 and Supplementary Figure 1. Several giant cells and
widespread lymphocytes, with lesser numbers of neutrophils and
eosinophils, could be observed in hematoxylin and eosin (H&E)
staining slides. Masson trichrome staining showed the fibrosis
of myocardial cells to some extent in the patients with FGCM
and FLM. CD3-positive and CD20-positive lymphocytes were
observed in both groups, and CD68-positive macrophages were
seen solely in FGCM. It seemed that a smaller number of CD8-
positive T cells and a larger number of CD4-positive T cells were
observed in the FGCM hearts. The cardiac magnetic resonance
images showed the widespread distribution of late gadolinium
enhancement in patients with FGCM and FLM.

The main characteristics of the study population and a
comparison between patients with FGCM and FLM were

presented in Table 1. The mean age at disease presentations were
47.9 &+ 7.5 and 42.1 & 12.3 years and the proportion of female
patients was 67 and 57% in the FGCM group and FLM group.
No significant difference in age and gender was found between
the two groups. Arrhythmia symptoms including palpitations,
syncope and dizziness were more commonly observed in FGCM
patients (56 vs. 29%, p = 0.286), but the difference was not
statistically significant. There were no statistically significant
differences in the baseline New York Heart Association (NYHA)
classification and the frequency of life-threatening arrhythmias
onset between the two groups.

Laboratory Findings and

Echocardiographic Features

Despite similar demographical and clinical characteristics in
those with FGCM vs. those with FLM, there were notable
differences in their laboratory and echocardiography findings.
The levels of C-reactive protein (CRP) [10.2 (4.1-11.8) mg/L vs.
74.1 (29.3-126.8) mg/L, P = 0.003, median with IQR], high-
sensitivity C-reactive protein (hs-CRP) [4.4 (2.0-10.2) mg/L vs.
13.6 (12.6-14.6) mg/L, P = 0.004], creatine kinase-myoglobin
(CK-MB) [1.4 (1.0-3.2) ng/ml vs. 14.6 (3.0-64.9) ng/ml, P =
0.025], and aminotransferase (ALT) [38.0 (25.0-61.5) IU/L vs.
997.0 (50.0-3,080.0) IU/L, P = 0.030, median with IQR] were
significantly lower in patients with FGCM than those with FLM,
so was the total number of white blood cells (WBCs) [8.1
(6.1-9.0) *10°/L vs. 13.1 (11.2-20.8) *10°/L, P = 0.013]. For
different cell types of peripheral blood WBCs, patients with
FGCM exhibited lower neutrophil [4.8 (4.2-6.6) *109/L vs. 11.5
(8.9-17.5) *109/L, P = 0.007] and monocyte [0.4 (0.3-0.5) *109/L
vs. 0.8 (0.5-1.6) *109/L, P = 0.030] counts than FLM. In contrast,
the levels of free triiodothyronine (fI3) [2.2 (1.9-2.6) pg/ml
vs. 1.6 (1.4-2.1) pg/ml, P = 0.017] were significantly higher in
patients with FGCM than those with FLM. FGCM patients had
greater right ventricular end-diastolic diameter (RVEDD) [2.9 £+
0.3 vs. 2.4 £ 0.6 cm, P = 0.034, mean £ SD], and no significant
difference in other echocardiographic variables was observed
between the two groups.
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TABLE 1 | Comparison of baseline characteristics, clinical presentation, laboratory examinations, and echocardiography findings in patients with FGCM and FLM.

Variables Fulminant myocarditis (N = 16) P-value
FGCM (N =9) FLM (N =7)
Demographics
Age (years) 479+75 421 +123 0.267
Female (%) 6 (67) 4 (57) 1.000
BMI (kg/m?) 242 +45 22.8+39 0.543
Smoke history (%) 3(39) 0 (0) 0.213
Alcohol history (%) 3(39) 0 (0) 0.213
Prodromal symptoms
Fever (%) 0(0) 3 (43) 0.063
Gl symptoms (%) 1(11) 3(43) 0.262
Respiratory symptoms (%) 2(22) 1(14) 1.000
Primary presenting symptoms
Heart failure (%) 3(39) 4 (57) 0.615
Chest Pain (%) 1(11) 1(14) 1.000
Arrhythmia symptoms (%) 5 (56) 2 (29 0.286
Vital signs
Heart rate (beats/min) 822+ 16.4 88.7 +£28.8 0.588
Systolic blood pressure (mmHg) 103.7 £ 13.6 95.6 +13.7 0.259
Diastolic blood pressure (mmHg) 69.8 + 9.1 64.0+9.7 0.241
NYHA functional class 0.132
I 1(11) 0(0)
Il 3(39) 0(0)
\Y 5 (56) 7/(100)
Life-threatening arrhythmias
Advanced atrioventricular block (%) 3(33) 2 (29 1.000
MAE (%) 4 (44) 2 (29) 0.633
Cardiac arrest (%) 1(11) 0 (0) 1.000
Comorbidity
Hypertension (%) 4 (44) 2(29) 0.633
Diabetes (%) 1(11) 0 (0) 1.000
Admission laboratory tests
Hb (g/L) 148.0 (132.0-156.0) 132.0 (101.0-150.0) 0.152
WBC (109/L) 8.1 (6.1-9.0) 13.1(11.2-20.9) 0.013
NEUT (*109/L) 4.8 (4.2-6.6) 11.5(8.9-17.5) 0.007
LYMPH (109/L) 1.9(1.3-2.2) 1.5(0.6-2.0) 0.315
MONO (*109/L) 0.4 (0.3-0.5) 0.8 (0.5-1.6) 0.030
PCT (ng/ml) 0.13 (0.11-0.21) 0.81 (0.22-1.42) 0.134
ESR (mm/h) 6.0 (5.0-12.0) 20.5 (7.0-36.0) 0.125
Big-ET (pmol/L) 0.57 (0.55-3.11) 1.56 (1.04-3.30) 0.316
CRP (mg/L) 10.2 (4.1-11.8) 74.1 (29.3-126.8) 0.003
Hs-CRP (mg/L) 4.4 (2.0-10.2) 13.6 (12.6-14.6) 0.004
CK (UL 45.0 (42.5-68.5) 176.0 (146.0-711.0) 0.023
CK-MB (ng/ml) 1.4 (1.0-3.2) 14.6 (3.0-64.9) 0.025
LDH (U/L) 214.0 (193.0-322.5) 1,033.0 (478.0-3,351.0) 0.001
CTnl (hg/ml) 0.066 (0.036-0.631) 6.260 (0.153-38.330) 0.085
NT-proBNP (pg/ml) 5,909.5 (4,310.6-11,998.8) 8,831.4 (4,700.7-31,065.2) 0.427
BUN (mmol/l) 6.2 (5.8-9.6) 13.3 (6.4-22.8) 0.064
Cr (umol/l) 98.3 (70.4-122.0) 166.0 (76.5-224.8) 0.223
ALT (UL 38.0 (25.0-61.5) 997.0 (50.0-3,080.0) 0.030
AST (IU/L) 37.0 (21.5-43.0) 912.0 (90.0-4,180.0) 0.001
(Continued)
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TABLE 1 | Continued

Variables Fulminant myocarditis (N = 16) P-value
FGCM (N =9) FLM (N =7)

PT (s) 14.6 (13.5-16.1) 16.3 (14.7-26.5) 0.090
FT3 (pg/ml) 2.2(1.9-2.6) 1.6 (1.4-2.1) 0.017
FT4 (ng/dl) 1.3 (1.1-1.5) 0.9 (0.8-1.2) 0.057
TSH (ulu/ml) 1.5 (1.3-5.3) 0.31 (0.07-0.58) 0.004
Echocardiography at admission

RVEDD (cm) 29+03 24+06 0.034
LA (cm) 41 +£07 3.4 +09 0.089
LVEF (%) 33.6 £16.7 39.3+15.6 0.493
LVEDD (cm) 57 £1.1 4.6 +0.9 0.058
IVS (cm) 09+02 0.9 +£0.1 0.694
LVPW (cm) 09+02 0.9+0.2 0.407
Pericardial effusion (%) 1(11) 3 (43) 0.262

The data are expressed as median (interquartile range), mean + SD, or numbers (percentage). All the statistically significant P-values are indicated in bold.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; Big-ET, big-endothelin; BMI, body mass index; BUN, blood urea nitrogen; CK; creatine kinase; CK-MB, creatine kinase
isoenzyme; Cr, creatinine; CRF, C-reactive protein; CTnl, cardiac troponin I; ESR, erythrocyte sedimentation rate; FT3, free triiodothyronine; FT4, free thyroxine; Gl, gastrointestinal;, Hb,
hemoglobin; Hs-CRR, high-sensitivity C-reactive protein; IV'S, interventricular septal thickness; LA, left atrium; LDH, lactate dehydrogenase; LVEDD, left ventricular end-diastolic diameter;
LVEF, left ventricular ejection fraction,; LVPW, left ventricular posterior wall; LYMPH, lymphocyte; MAE, malignant arrhythmic events; MONO, monocyte; NEUT, neutrophil; NT-proBNF,
N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association; PCT, procalcitonin; PT, prothrombin time; RVEDD, right ventricular end-diastolic diameter; TSH, thyroid

stimulating hormone; WBC, white blood cell.

Arrhythmia symptoms: palpitations, syncope, or dizziness. Malignant arrhythmic events: ventricular fibrillation or sustained ventricular tachycardia.

Treatments

The treatments of patients with FGCM and FLM during
hospitalization are shown in Table2. A higher proportion
of patients with FLM (86 vs. 11%, p = 0.009) received
methylprednisolone compared to patients with FGCM. In terms
of mechanical circulatory support, no significant differences
were observed in the use of intra-aortic balloon pump (IABP)
(44 vs. 43%, p = 1.000) and extracorporeal membrane
oxygenation (ECMO) (11 vs. 43%, p = 0.262) between
the two groups.

Survival Analysis

Follow-up data were available for all patients. The mean follow-
up period was 175 days (range, 1-1,461 days): 1 patient died,
and 10 patients underwent heart transplantation. Figure 3A
compares the survival of patients with FGCM vs. FLM. The
FGCM group exhibited a significantly lower long-term survival
rate compared with FLM group. The 4-year survival rate was 0
in the FGCM group and 71% in the FLM group. Table 3 shows
the associations between clinical manifestations, laboratory
tests and echocardiography findings, and major clinical events
by the Cox univariate and multivariate proportional hazards
model. In the univariate Cox analysis, FGCM (hazard ratio
= 5.329, 95% confidence interval: 1.102~25.777, P = 0.037)
and hs-CRP (hazard ratio = 0.882, 95% confidence interval:
0.782~0.994, P = 0.039) were independent prognostic factors
of FM patients. The Pearson correlation analysis revealed
the significant correlation of hs-CRP and fT3 (r = 0.745,
P < 0.001, Supplementary Figure 2). However, the univariate
analysis indicated that fT3 (hazard ratio = 2.295, 95% confidence
interval: 0.733-7.183, P = 0.154) was not an independent

TABLE 2 | Comparison of treatments during hospitalization in patients with FGCM
and FLM.

Variables Fulminant myocarditis (N = 16) P-value
FGCM (N =9) FLM (N=7)

Drugs

Methylprednisolone (%) 1(11) 6 (86) 0.009

Beta-adrenergic blockers (%) 7(78) 3 (43) 0.302

ACEI/ARB (%) 3(393) 2 (29) 1.000

MRA (%) 8(89) 2(29) 0.035

Amiodarone (%) 6 (67) 2 (29) 0.315

Permanent pacemaker (%) 4 (44) 2 (29) 0.633

Mechanical circulatory support

IABP (%) 4 (44) 3 (49) 1.000

ECMO (%) 1(11) 3(43) 0.262

The data are expressed as numbers (percentage). All the statistically significant P-values
are indicated in bold.

ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blockers;
ECMO, extracorporeal membrane oxygenation; IABR intra-aortic balloon pump; MRA,
aldosterone receptor antagonist.

prognostic factor. Subsequently, clinically significant factors
and variables that were significant (P < 0.10) in univariate
analysis were included in multivariate analysis, and hs-CRP
(hazard ratio = 0.871, 95% confidence interval: 0.761-0.996,
P = 0.043) remained as an independent prognostic factor of
FM patients. Figure 3B demonstrates that the survival rate of
patients with lower hs-CRP levels (hs-CRP < 11.71 mg/L)
group was low, and the difference between the two groups was
statistically significant.
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FIGURE 3 | (A,B) Kaplan-Meier curve illustrating transplant-free survival in
FGCM and FLM patients. Patients with FGCM and lower hs-CRP levels
(hs-CRP < 11.71 mg/L) showed a significantly worse prognosis during
follow-up of 4 years (log-rank test).

TABLE 3 | Univariate and multivariate Cox regression analysis of factors
associated with the occurrence of cardiac death and heart transplantation in the
overall population.

Variables Univariate analysis Multivariate analysis
HR (95% CI) p-value HR (95% Cl) p-value

Age 0.990 (0.936-1.046) 0.713 0.982 (0.962-1.058) 0.717
FGCM 5.329 (1.102-25.777) ~ 0.087  3.501 (0.359-34.164)  0.281
WBC 0.905 (0.792-1.035) 0.145

Hs-CRP  0.882 (0.782-0.994) 0.039 0.871 (0.761-0.996) 0.043
CK-MB 0.996 (0.965-1.027) 0.784

LDH 0.999 (0.998-1.000) 0.171

ALT 1.000 (0.999-1.000) 0.241

FT3 2.295 (0.733-7.183) 0.154

TSH 1.264 (0.941-1.697) 0.120

LVEF 0.988 (0.944-1.034) 0.603

RVEDD  3.017 (0.832-10.938)  0.093 1.193 (0.801-1.160) 0.698

All the statistically significant P-values are indicated in bold.

ALT, alanine aminotransferase; CK-MB, creatine kinase isoenzyme; FI3, free
triiodothyronine; Hs-CRR, high-sensitivity C-reactive protein; LDH, lactate dehydrogenase;
LVEF, left ventricular ejection fraction; RVEDD, right ventricular end-diastolic diameter;
TSH, thyroid stimulating hormone; WBC, white blood cell.

Differential Diagnosis

The receiver operating characteristic (ROC) analysis showed that
hs-CRP was a specific and sensitive biomarker that could be
used to distinguish FGCM from FLM. The area under the ROC
(AUROC) for the levels of hs-CRP in the differential diagnosis
between FGCM and FLM was 0.94 (95% CI: 0.4213-0.9964).

1001 l
8 N
2
g hs-CRP > 11.71 mg/L
= 504 Sensitivity:85.71%
E Specificity:100.0%
AUC=0.9365
P=0.0036
0 T 1
0 50 100

100% - Specificity%

FIGURE 4 | Receiver operating characteristic (ROC) curve for hs-CRP level to
distinguish patients with FGCM and FLM. The area under the curve was
0.9365. The best cutoff value for hs-CRP was 11.71 mg/L (sensitivity, 0.8571;
specificity, 1.0000).

With an optimal cutoff value of 11.71 mg/L for the levels of
hs-CRP, the diagnostic performance for distinguishing between
FGCM and FLM were a sensitivity of 85.7% and a specificity of
100.0% (Figure 4).

DISCUSSION

This study compared the differences between FGCM and
FLM and the main findings were: (1) Significant differences
in laboratory examinations including inflammatory markers,
myocardial enzymes, liver function tests and thyroid hormone
were observed between the patients with FGCM and FLM; (2)
Patients with FGCM conferred significantly worse prognoses
compared to patients with FLM; (3) The level of hs-CRP was
of high importance in differential diagnosis and prediction of
prognoses for FGCM and FLM.

The results showed that females and middle-aged individuals
were more common in patients with FGCM and FLM.
Though a lower incidence of prodromal symptoms and
heart failure as primary presenting symptoms was found in
patients with FGCM, the difference between the two groups
was not significant. Therefore, it is difficult to discriminate
both disorders solely based on demographic characteristics
and clinical manifestations. Previous studies found a rapid
progression in patients with FGCM (12, 24). In terms of
laboratory findings on admission, we found that the degree
of inflammation and myocardial injury in the patients with
FGCM were milder than those with FLM. These findings may
indicate a more acute clinical course in patients with FLM. The
differences in the number and type of peripheral blood WBCs, in
conjunction with immunohistochemical findings, might suggest
different mechanisms underlying the inflammation response
in FGCM and FLM. Rikhi et al. (25) reported that CTLA-4
inhibition resulted in giant cell myocarditis with a predominately
CD4+ T cell infiltrate and PD-1 inhibition led to lymphocytic
myocarditis with a predominately CD8+ T cell infiltrate. This
differential T cell infiltrative might be partly explained by
different activation chemokines (26). Ammirati et al. (20) found
no difference for the proportion of patients with elevated CRP
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and myocardial enzymes between the patients with FGCM and
FLM. The discrepancies of results between our study and their
study may be caused by the variance of the study population,
sample size and statistical method. Therefore, more studies are
required to draw a specific conclusion in the future.

There is a close relationship between thyroid hormones and
cardiac function (27). It was recently noted that lower levels
of fT3 were associated with poor prognoses in adult patients
with acute myocarditis (28). In this study, there was no known
history of previous thyroid disease for all patients. We found that
FM patients had significantly lower fT3 levels and patients with
FLM showed lower fT3 levels than those with FGCM. Marked
activation of inflammatory cytokines including tumor necrosis
factor-a (TNF-a) and interleukin (IL)-6 could be involved in
the pathogenesis of myocarditis (29, 30). In turn, inflammatory
cytokines could decrease serum triiodothyronine levels through
regulation of peripheral deiodinase activity (31-34). Virus
infection might directly affect thyroid function through extensive
injury to the follicular epithelial cells and the parafollicular cells
(35). Increased levels of CRP were also found in severe virus
infections (36, 37). Furthermore, virus was recognized as one of
the most common causes of lymphocytic myocarditis (38, 39).
We therefore speculated that lower fT3 levels and higher hs-
CRP levels might be relevant to underlying virus infection in
patients with FLM. However, laboratory tests of viral infections
and thyroid antibodies were lacking in the present cohort, so
further study is warranted to explore the mechanisms of thyroid
dysfunction in fulminant myocarditis.

In addition, we found that the left ventricular ejection
fraction decreased significantly in both FGCM and FLM groups
indicating severe myocardial involvement by echocardiography,
which conformed with the characteristics of fulminant
myocarditis (5). We also found no difference in left ventricular
ejection fraction between the two groups and our findings were
consistent with those reported in the previous studies (20, 40).
A larger right ventricular end-diastolic diameter in patients with
FGCM compared to patients with FLM was found in our study.
This result suggested that right heart involvement was more
frequent in patients with FGCM, and that might be one of the
reasons why the patients with FGCM were misdiagnosed as
arrhythmogenic right ventricular cardiomyopathy (ARVC).

Supportive measures play a critical role in the management
of FM (5). More than half of the patients with FGCM and
FLM received mechanical circulatory support (MCS) during
hospitalization in this study. MCS improves outcomes by
maintaining hemodynamic stability in acute stages, especially for
the patients with FLM. Earlier research found that combination
immunosuppressive therapy including cyclosporine prolongs
median transplant-free survival from 3.0 to 12.4 months for
patients with GCM (12). Though we were aware that the
application of immunosuppressive therapy could significantly
improve the prognoses of GCM (41), a small proportion of
patients with FGCM were treated with glucocorticoids in our
study. This might be explained by the fact that most of the
patients with FGCM were misdiagnosed as other diseases before
heart transplantations. It is suggested that the early diagnosis
of FGCM is crucial for effective treatments with combination
immunosuppressive therapy and improved prognoses.

In agreement with previous studies (20), the prognoses were
found to be worse for patients with FGCM than for patients
with FLM. Previous studies have identified that hs-CRP level
is an independent prognostic predictor in patients with dilated
cardiomyopathy and hypertrophic cardiomyopathies (42, 43).
Kaneko et al. (44) found that CRP could be a prognostic
marker in lymphocytic myocarditis. We found, for the first time,
that the level of hs-CRP was considered as an independent
predictor of cardiogenic death or heart transplantation in the
patients with FM. Moreover, our data showed that hs-CRP
level of 11.71 mg/L was an appropriate cutoff point for the
differential diagnosis between patients with FGCM and FLM
before endomyocardial biopsy or heart transplantation. These
findings will be informative for the development of a more
precise treatment strategy for patients with FM.

LIMITATIONS

Firstly, our study was conducted within a single medical center
and thus single-centered effects cannot be excluded. Secondly,
this study had the potential limitations inherent to a retrospective
study design which could affect the results. Thirdly, the present
study was also limited by a relatively small sample size. Fourthly,
the genetic variants in CRP gene that might associated with
plasma CRP levels were not examined of patients in our study.
Thus, more prospective studies with a large sample size are
needed to confirm our findings in the future. Routine testing
for genetic variants of CRP is of great significance to clarify the
association of these genetic variants with FM.

CONCLUSION

In conclusion, our results suggested that the inflammatory
response and myocardial damage in the patients with FGCM
were milder than those with FLM. Patients with FGCM showed
significantly worse long-term prognoses compared to those with
FLM. And we identified that hs-CRP could be a useful marker for
predicting the prognosis of FM and differential diagnosis between
FGCM and FLM.
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