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Background: To explore the value of myocardial strain derived from cardiac magnetic resonance (CMR)
feature tracking in evaluating left ventricular function in acute myocarditis and its relationship with the left
ventricular ejection fraction (LVEF) and late gadolinium enhancement (LGE).

Methods: A total of 115 cases of clinically suspected acute myocarditis, confirmed by CMR, were collected
from two centers and divided into groups with reduced and preserved ejection fraction (EF). Fifty normal
volunteers were enrolled as the control group. The myocardial strain analysis was based on feature tracking
imaging (FTT).

Results: Compared with the control group, the group with myocarditis and preserved EF showed an
increased peak ejecting rate (PER), end diastolic volume (EDV), end systolic volume (ESV), stroke volume
(SV), EDV index (EDVi), ESV index (ESVi), SV index (SVi) and decreased strain indices. In patient with
myocarditis, the group with reduced EF showed increased EDV, ESV, LGE, LGE% and decreased strain
indices compared to the group with preserved EF. EF showed good correlation with LGE, PSC, PSSRC
(r>0.6). Peak strain circumferential (PSC) showed good correlation with LGE (r=0.62). The AUC of PSC
was optimal to detect early left ventricular dysfunction in myocarditis patient with preserved EF using a
cutoff of ~19.72% (sensitivity of 68% and specificity of 88%).

Conclusions: Myocardial strain analysis using CMR FTT can provide information about early ventricular
dysfunction in myocarditis patient with preserved EF. PSC showed best diagnostic performance, and
correlated with LGE.
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Introduction (1,2). The clinical manifestations of acute myocarditis are

highly variable; the condition can be asymptomatic or

Acute myocarditis is associated with high rates of morbidity manifest with severe heart failure and even cause sudden

and mortality, accounting for 2-42% of sudden cardiac death. Early clinical diagnosis is challenging but extremely
death cases in young people. It is the underlying etiology important for determination of treatment strategy and
in 9-16% of adult idiopathic dilated cardiomyopathy cases evaluation of prognosis.
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Cardiac magnetic resonance (CMR) is a noninvasive
examination modality with excellent spatial, temporal and
contrast resolution, and is the gold standard for precise
assessment of atrial and ventricular function. It further
allows evaluation of myocardial edema, hyperaemia, necrosis
and fibrosis, using T2-weighted imaging (T2WI) and
early and late gadolinium enhancement (EGE and LGE,
respectively) (3). Currently, the “Lake Louise Criteria” is
widely used for the diagnosis of myocarditis with CMR.
LGE evidence of necrosis/fibrosis is an important criterion
and also correlates with prognosis (4-6).

Left ventricular ejection fraction (LVEF) is the parameter
most commonly used to describe LV function and predict
prognosis. However, in early stages of LV dysfunction, EF
is preserved and therefore of limited value. Feature tracking
imaging (F'IT) is a novel technique that allows quantitative
segmental and global strain analysis based on standard
cine CMR images. Previous studies (7,8) demonstrated
good inter- and intra-observer reproducibility of FTI-
derived strain indices and a robust correlation with strain
parameters derived from CMR tagging (9,10). Recently,
CMR feature tracking was recently reported to be sensitive
in detecting early LV dysfunction by strain deformation and
twist analysis (11-15).

This study aims to explore the value of CMR feature
tracking for detection of early LV dysfunction in acute
myocarditis and correlations with the LVEF and LGE.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/cdt-20-221).

Methods
Patient population

The study included 198 patients with clinically suspected
acute myocarditis from two centres evaluated between
January 2013 to July 2018. The CMR studies were
performed with a Siemens scanner in 66 patients, with a
GE scanner in 59 patients, and with a Philips scanner in
11 patients. The inclusion criteria were developed based
on the 2013 ESC guidelines (2). Clinically suspected acute
myocarditis was diagnosed when the patients had acute
chest pain and met at least one of the following criteria:
new ECG abnormalities, myocardial cytolysis markers, and
wall motion abnormalities on echocardiography. In patients
without chest pain, who met 2 or more criteria, additional
requirements included absence of angiographically
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detectable coronary artery disease (CAD) (or age <30 years
and a low risk of CAD) and an absence of known pre-
existing cardiovascular disease or secondary conditions.
The definite diagnosis was made when 2 or more Lake
Louise criteria (oedema, EGE, LGE) were fulfilled.
Exclusion criteria included poor cine image quality caused
by respiratory motion, arrhythmia, and poor LGE image
due to poor myocardium nulling. A total of 115 patients
were finally enrolled (Figure I). The patients were divided
into EF preserved group (EF >50%) and EF reduced group
(EF <50%). In all, 50 normal volunteers were enrolled as
the control group; the age range of the volunteers was 15—
64 years, with an average age of 38.76+11.67 years, and 26
volunteers were female. The normal volunteers underwent
non-contrast CMR. The research was conducted in
accordance with the Declaration of Helsinki (as was revised
in 2013). This study was approved by ethics committee of
Jinhua Hospital, Zhejiang University School of Medicine
(2018-96), and informed consent was taken from all the
patients and volunteers.

CMR protocols

CMR images were obtained with three systems, including
two 1.5-T systems and one 3-T system. The 1.5-T Siemens
system (Avanto, Germany) used an 8-channel phased-
array body coil. True fast imaging with steady precession
(True FISP) cine was used to obtain two-, three-, and four-
chamber view as well as short axis (SA) views, with the
following parameters: slice thickness =8 mm; gap =2 mm;
FOV =340 mm x 276 mm; TR =39.75 ms; TE =1.1 ms;
flip angle =42°; cardiac phases =25. Ten minutes after the
injection of 0.2 mmol/kg gadodiamide (Omniscan, GE
Healthcare, Ireland), LGE imaging consisting of magnitude
and phase-sensitive inversion recovery (PSIR) images was
performed, including two-, three-, and four-chamber views
as well as SA views with the following parameters: TR =
700 ms; TE =3.36 ms; flip angle =25° TI =200-300 ms; slice
thickness =8 mm; and gap =2 mm. The coverage of the SA
was the same as that of the SA cine. The 1.5-T GE system
(Signa CV/i, GE Healthcare, Milwaukee, WI, USA) used an
8-channel phased-array cardiac coil. All patients underwent
examination by a standard protocol that included two-,
three-, four-chamber, and an SA bright-blood cine sequence
(fast imaging employing steady-state acquisition, FIESTA)
covering the entire left ventricle with the following
parameters: slice thickness =8 mm; gap =2 mm; TR/TE
=35/1.5 ms; flip angle =45°; FOV =360 mm x 280 mm;
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Archive data of patients with clinically
suspected acute myocarditis in Jinhua
municipal central hospital, n=102

Archive data of patients with clinically
suspected acute myocarditis in Sir
Run Run shaw hospital, n=96

Patients with clinically suspected acute myocarditis, n=198 |

Patients with claustrophobia, contraindication (pacemaker, allergy
history of gadolinium and renal insufficiency), n=5

| Patients with CMR and clinically suspected acute myocarditis, n=193 |

Patients with 1 Lake Louise criterion (oedema, EGE, LGE) or none
fulfilled, or poor LGE images, n=67

| Patients with definite diagnosis of acute myocarditis, n=126 |

artifacts, n=11

Patients without excellent cine images due to breathing or arrhythmia

| Patients with good or excellent CMR cine and LGE images, n=115 |

Patients with preserved Patients with reduced
LVEF, n=88 LVEF, n=27

Figure 1 Flow chart of study patients recruitment and exclusion. CMR, cardiac magnetic resonance; EGE, early gadolinium enhancement;

LGE, late gadolinium enhancement.

views per segment (VPS) =14, and slice-reconstructed
cardiac phases =20. Myocardial delayed-enhancement
magnitude images were acquired approximately 10 minutes
after the injection of gadodiamide, with TR =6.5 ms,
TE =3.0 ms, flip angle =20°, FOV =360 mm x 270 mm,
slice thickness =8 mm, gap =2 mm, and TI =170-280 ms,
including two-, three- and four-chamber views, as well as SA
images (approximately 610 slices from the apex to base).
The 3.0-T system (Achieva, Philips, Netherlands), used a
16-channel phased-array torso coil. The CMR protocol
included SA, two-,three-,and four-chamber views for sense-
balanced turbo field echo (sBTFE) sequences, with FOV
=320 mm x 300 mm, TR/TE =3/1 ms, flip angle =45°, slice-
reconstructed cardiac phases =25, slice thickness =8 mm,
and gap =2 mm. The coverage of the SA view was the whole
left ventricle from the base to the apex. LGE images were
acquired 10 minutes after the injection of 0.2 mmol/kg of
gadodiamide using a PSIR turbo field echo (PSIR-TFE)

sequence, with FOV =300 mm x 300 mm, TR/TE =3/1 ms,
TI =300-450 ms, flip angle =25°, slice thickness =8 mm, and
gap =2 mm and including two-, three- and four-chamber

and SA views. The coverage of the SA view was the same as
that of the SA cine.

CMR analysis

CMR image analysis included three parts: global LV
function and volume analysis; LGE analysis; and feature
tracking analysis. All parts were performed using CVI"
version 5.9 (Circle, Canada) by an experienced radiologist
(more than 5 years’ experience in CMR).

Global LV function and volume analysis

Automated segmentation of the left ventricle was performed
using the Short 3D Module of the LV Function Module.
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Figure 2 Two cases of acute myocarditis: the EF preserved myocarditis (A) patient demonstrated subepicardial LGE (arrowhead) of mid-
anterolateral and mid- inferolateral wall, the EF reduced myocarditis patient (D) presented diffuse mid-wall LGE (arrow), the end-systolic
circumferential strain (B,E) and curve (C,F) showed the PSC EF reduced myocarditis patient was lower than the PSC of EF preserved

myocarditis patient. LGE, late gadolinium enhancement; PSC, peak strain circumferential; EF, ejection fraction.

The indices obtained included the end systolic volume (ESV)
and index (ESVi), the end diastolic volume (EDV) and index
(EDVi), the stroke volume (SV) and index (SVi), the LVEF,
the peak ejection rate (PER), the peak filling rate (PFR),
and the LV volume, which was defined as the range from
the apex to the annulus of the mitral valve. The papillary
muscle was excluded from the mass and included in the
LV volume (16). At the base, the slices were deemed to be
within the left ventricle when the volume was encircled by
50% or more of ventricular myocardium (17); otherwise,
they were considered to be within the left atrium and were
excluded.

LGE analysis

Quantitative evaluation of LGE was performed using the
Tissue Characterization Module. A region of interest (ROI)
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approximately 20 mm’ in size was placed at the remote
myocardium in each slice of axis LGE images, and the
signal intensity was acquired [mean + standard deviation
(SD)]. The extent of LGE images acquired by scanners
was calculated automatically in each slice, as the mass of
LGE and the proportion of the total LV mass, according
to the formula (threshold = mean +3 SD). An experienced
radiologist (with more than 5 years of experience in CMR)
checked the extent of LGE and made minor manual
adjustments when necessary. Finally LGE and LGE
proportion (LGE%) were obtained.

Feature tracking analysis

Feature tracking analysis of the left ventricle was performed
using the Tissue Tracking Module to obtain LV strain data
(Figure 2). The SA cine was loaded together with the two,
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three- and four-chamber cines to perform 3D LV strain
analysis. In the SA view, segmentation of left ventricle was
the same as that in the global LV function and volume
analysis. In the two-, three- and four-chamber views,
the base and apex were defined manually and required
adjustment of the automatically computed endo- and
epicardial contours. The parameters obtained included the
peak strain radial (PSR), peak strain circumferential (PSC)
and peak strain longitudinal (PSL), peak systolic strain rate
radial (PSSRR), peak systolic strain rate circumferential
(PSSRC), peak systolic strain rate longitudinal (PSSRL),
peak diastolic strain rate radial (PDSRR), peak diastolic
strain rate circumferential (PDSRC), peak diastolic strain
rate longitudinal (PDSRL). Intraobserver and interobserver
agreement was tested using intraclass correlation coefficients
in a subset of 10 subjects.

Statistical analysis

The quantitative data are presented as the mean = SD
or percentage. The normal distribution was assessed by
Kolmogorov-Smirnov test. The independent samples #-test
was used for parametric data between groups, and Mann-
Whitney U test was used for non-parametric data. The
chi-squared test or the fisher exact test was used to analyse
the categorical variables. Correlation analysis between EF,
LGE, LGE% and strain analysis parameters were performed
by Spearman correlation analysis. The discriminatory power
of various parameters for evaluating LV function was tested
according to the area under the curve (AUC) of the receiver
operating characteristic (ROC) curve. Reproducibility was
evaluated by inter- and intraobserver agreement and analyzed
by intraclass correlation coefficients. Statistical analysis was
performed using SPSS for Windows (version 16.0; SPSS,
Inc., Chicago, IL, USA) and Graphpad Prism for Windows
(version 7.00; Graphpad Software, Inc., Chicago, IL, USA).
A P value <0.05 was considered statistically significant.

Results
Inter- and intraobserver agreement

Before FTT was used to do the strain analysis, a subset of
10 cases were used to test the intraobserver and interobserver
agreement. The intraobserver and interobserver agreement
were good for all global strain. The intraclass correlation
coefficients of intraobserver (ICC >0.90) and interobserver

(ICC >0.85) were good.
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Clinical characteristics of acute myocarditis

The baseline characteristics of EF reduced and preserved
myocarditis patients groups are shown in 7able 1. There
were more male patients in EF preserved myocarditis
patients group than the patients in EF reduced group
(64 males and 24 females vs. 15 males and 12 females),
and the patients were elder in EF reduced myocarditis
patients group (31£14 vs. 40+15 years). The proportion
of brain natriuretic peptide (BNP) elevated patients were
higher in EF reduced myocarditis patients group (38/88 ws.
22/27), the differences were statistically significant. And the
differences in the remaining parameters such as elevated
troponin I patients, elevated creatine phosphokinase
isoenzyme (CK/CK-MB) patients, electrocardiogram
(EKG) abnormality patients, prodromal patients, etc. were
not statistically significant.

Comparisons of groups, EF preserved myocarditis patients
group vs. control group, EF reduced myocarditis patients
group vs. EF preserved myocarditis patients group

The comparison of acute myocarditis patients and healthy
control group showed statistically significant differences in
CMR parameters and strain parameters except PER and
PFR. The left ventricular chamber were dilated in acute
myocarditis patients group, LVEF and strain parameters
were decreased.

Compared with the control group (7able 2, Figure 3),
the EF preserved myocarditis patients group showed an
increased PER, EDV, ESV, SV, EDVi, ESVi, SVi and all
decreased strain indices, but the differences in the LVEF
and PFR were not significant. Among the EF reduced
and preserved patients groups, the comparison indicated
significant differences in all CMR parameters and strain
parameters, the EF reduced myocarditis patients group
showed dilated left ventricular chamber (EDV, ESV, SV,
EDVi, ESVi, SVi), decreased left ventricular function (EF,
PER, PFR), strain (PSR, PSC, PSL) systolic strain rate
(PSSRR, PSSRC, PSSRL) and diastolic strain rate (PDSRR,
PDSRC, PDSRL), as well as more LGE and LGE%.

Correlation of strain parameters with EF and LGE

The correlation analysis (Table 3, Figure 4) showed that the
EF was well correlated with the LGE, PSC, PSSRC (r>0.6).
LGE correlated with PSC well (r=0.62), but the correlation
between LGE and other strain indices was not strong (r<0.6)
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Characteristics All patients (n=115) Preserved EF group (n=88) Reduced EF group (n=27) P value
Age, years 33+12 31+14 40+15 <0.01
Male sex 79/36 64/24 15/12 0.02
Height, cm 167.94+7.94 168.40+7.98 166.04+7.67 0.18
Weight, kg 64.89+12.96 63.32+12.44 65.28+14.69 0.49
Heart rate 7414 72.92+14.83 68.36+11.65 0.29
Hypertension 15 12 3 1.00
Diabetes mellitus 3 3 0 1.00
Coronary heart disease 9 7 2 1.00
Chest pain 90 70 20 0.60
EKG abnormality 97 76 21 0.36
Prodromal respiratory infection 35 28 7 0.64
Prodromal gastrointestinal infection 27 20 7 0.80
CK/CK-MB positive 67 51 16 0.90
Elevated troponin | 90 64 16 0.16
Elevated BNP 60 38 22 <0.01

EKG abnormality including: ST/T wave changes, bundle branch block or ventricular arrhythmias or AV-block. EKG, electrocardiogram; CK,
creatine phosphokinase; CK-MB, creatine phosphokinase isoenzyme; BNP, brain natriuretic peptide.

although all correlation coefficients reached statistical
significance. LGE% was not well correlated with the EF
and all strain parameters neither (r<0.6).

Diagnostic performance of strain parameters in EF
preserved myocarditis patients, strain pavameters and LGE
in EF reduced myocarditis patients

When using cardiac strain to do the differentiation between
EF preserved myocarditis patients and healthy controls, the
ROC curve analysis (Table 4, Figure 5) indicated that PSR
was the most sensitive parameter (86%), the PSSRL was
the most specific parameter (92%); The AUC of the PSC
was optimal when the cutoff was set at -19.72%, with a
sensitivity of 68% and a specificity of 88%.

The ROC curve analysis also showed good diagnostic
value of strain indices and LGE for differentiation between
EF preserved myocarditis patients and EF reduced
myocarditis patients (Table 5, Figure 5), which indicated
that PDSRC was the most sensitive parameter (96%), the
PDSRL was the most specific parameter (100%); The
AUC of the PSC and PSSRC were optimal when the
cutoffs were set at -13.27% and -0.79/s, the sensitivity of

© Cardiovascular Diagnosis and Therapy. All rights reserved.

PSSRC was better (93% vs. 89%), the specificity of PSC
was better (90% vs. 83%). The diagnostic performance of
other strain indices was also good (all AUC >0.82), so did
LGE and LGE%. When using LGE to differentiate these
two groups, the AUC of LGE was 0.88 when the cutoff was
set at 26.64 g, with a sensitivity of 86% and a specificity of
80%, and the AUC of LGE% was 0.86 when the cutoff was
set at 22.53%,with a sensitivity of 82% and a specificity of
71%.

Discussion

This study aimed to explore LV strain characteristics in
patient with myocarditis and their correlations with the EF
and LGE. Major results include: (I) the feature tracking
technique allowed robust left ventricular myocardium
strain analysis; (II) strain indices were helpful to detect
left ventricular dysfunction in myocarditis patients, EF
preserved and EF reduced myocarditis patients; (III)
strain parameters correlated closely with EF and LGE,
especially PSC; (IV) strain parameters had good diagnostic
performance in EF preserved myocarditis patients and
healthy controls, and strain indices, LGE, LGE% were
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Table 2 Comparison of CMR parameters and strain indices between the preserved EF group, reduced EF group and the control group
Parameters Control Preserved EF Reduced EF P value, P value,

CMR parameters

PFR, mL/s 372.78+63.94 402.83+158.90 296.14+116.40 0.141 0.002
PER, mL/s 407.39+69.33 461.29+133.09 240.35+155.92 0.005 <0.001
EDV, mL 95.50+13.13 114.09+33.61 162.80+63.89 <0.001 <0.001
ESV, mL 32.78+7.04 41.61+22.04 112.41+£59.24 0.001 <0.001
SV, mL 62.72+10.40 72.48+18.55 50.38+13.24 <0.001 <0.001
EDVi, mL/m? 57.79+9.40 67.28+17.97 93.88+30.00 <0.001 <0.001
ESVi, mL/m’ 19.84+5.23 24.51+£12.08 64.63+30.18 0.005 <0.001
SVi, mL/m? 37.95+5.91 42.77+10.00 29.25+5.45 0.001 <0.001
EF, % 65.70+5.48 64.57+8.78 34.10+11.36 0.241 <0.001
LGE, g - 19.80+21.43 55.16+28.62 - <0.001
LGE% - 18.20+14.87 46.22+21.04 - <0.001
Strain parameters
PSR, % 39.49+7.55 30.46+16.86 13.69+11.18 <0.001 <0.001
PSC, % -21.85+2.11 -17.40+4.81 -8.67+4.71 <0.001 <0.001
PSL, % -14.29+2.11 -11.51+3.64 -6.19+4.16 <0.001 <0.001
PSSRR, 1/s 2.46+0.55 1.83+2.49 0.93+0.94 <0.001 <0.001
PSSRC, 1/s -1.18+0.16 -0.97+0.45 -0.51+0.31 <0.001 <0.001
PSSRL, 1/s -0.84+0.17 -0.74+0.33 -0.39+0.30 0.040 <0.001
PDSRR, 1/s -2.78+0.86 -2.28+2.06 -0.92+0.78 <0.001 <0.001
PDSRC, 1/s 1.30+0.26 1.12+0.34 0.58+0.39 0.003 <0.001
PDSRL, 1/s 0.92+0.25 0.72+0.43 0.31+0.36 0.002 <0.001

P valuet: preserved EF group vs. control group; P valuez: preserved EF vs. reduced EF group. CMR, cardiac magnetic resonance;
EF, ejection fraction; PFR, peak filling rate; PER, peak ejecting rate; EDV, end diastolic volume; ESV, end systolic volume; SV, stroke
volume; EDVi, EDV index; ESVi, ESV index; SVi, SV index; LGE, late gadolinium enhancement; PSR, peak strain radial; PSC, peak strain
circumferential; PSL, peak strain longitudinal; PSSRC; peak systolic strain rate circumferential; PSSRR, peak systolic strain rate radial;
PSSRL, peak systolic strain rate longitudinal; PDSRR, peak diastolic strain rate radial; PDSRC, peak diastolic strain rate circumferential;

PDSRL, peak diastolic strain rate longitudinal.

found to be useful to distinguish EF preserved and reduced
myocarditis patients.

The intraobserver and interobserver agreement were
good for all global strain parameters in our study. In
previous studies (7-10,18), the feature tracking technique
was proven robust to do strain analysis. Compared with
myocardial tagging techniques, strain can be calculated
from traditional cine images using FTT without need for
additional sequences, which is more efficient. Furthermore,
the results of feature tracking and myocardial tagging
correlated well. Compared with speckle tracking

© Cardiovascular Diagnosis and Therapy. All rights reserved.

echocardiography, CMR has better image quality because
of its excellent spatial and contrast resolution. Additionally,
CMR is the gold standard for evaluating cardiac structure
and function, and allows detection of myocardial edema,
hyperemia and necrosis.

Difference in CMR parameters and strain indices

Comparison of the healthy control and acute myocarditis
patients groups revealed differences in structure, function
and strain, with LV dilation, impaired LV function and
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Figure 3 Comparison of cardiac strains between controls and acute myocarditis patients, EF preserved myocarditis patients and EF

reduced myocarditis patients. The differences of PSR, PSC, PSL were all statistically significant. PSR, peak strain radial; PSC, peak strain

circumferential; PSL, peak strain longitudinal; EF, ejection fraction.

reduced strain in the acute myocarditis groups, which is
similar to the results of some previous studies (14,19,20).
The PER and PFR calculated from the LV volume-
time curve showed no significant differences between the
control and acute myocarditis patients groups. However,
the comparisons showed that the PER and PFR were lower
in EF reduced myocarditis patients group than that in EF
preserved myocarditis patients group. One possible reason
may be functional reserve when myocardial damage is not
severe in patient with myocarditis and maintained LVEFE.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

In addition to increased left ventricular volume, EF
preserved myocarditis patients group also showed a reduced
strain, systolic strain rate and diastolic strain rate, which has
also been reported by other studies (12,21) when compared
with healthy controls. Therefore, CMR feature tracking is
more sensitive than EF in detecting early LV dysfunction
and can be applied clinically, especially when the LVEF is
still preserved. The EF reduced myocarditis patients group
revealed dilated left volume, increased LGE, reduced strain
and strain rate, in comparison to EF preserved myocarditis
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Table 3 Correlation matrix for EF, LGE, LGE% and strain

parameters

Variables EF LGE LGE%
EF - -0.60 -0.58
PSR 0.53 -0.55 -0.42
PSC -0.67 0.62 0.53
PSL -0.56 0.46 0.37
PSSRR 0.47 -0.42 -0.32
PSSRC -0.68 0.56 0.46
PSSRL -0.50 0.38 0.30
PDSRR -0.53 0.47 0.36
PDSRC 0.53 -0.48 -0.38
PDSRL 0.51 -0.45 -0.36

All correlation coefficients reached statistical significance
(P<0.05). EF, ejection fraction; LGE, late gadolinium enhancement;
PSR, peak strain radial; PSC, peak strain circumferential;
PSL, peak strain longitudinal; PSSRC; peak systolic strain
rate circumferential; PSSRR, peak systolic strain rate radial;
PSSRL, peak systolic strain rate longitudinal; PDSRR, peak
diastolic strain rate radial; PDSRC, peak diastolic strain rate
circumferential; PDSRL, peak diastolic strain rate longitudinal.

patients group. EF is widely used in clinical assessment, but
many studies have indicated a poor prognosis even if EF is
preserved (22-24), LGE is also an independent predictor
of combined endpoint (4-6). Therefore, not only early
LV dysfunction should be carefully considered in clinical
evaluations, but also late LV dysfunction when EF is already
reduced, particular if LGE is present. CMR myocardial
strain based on feature tracking can provide more detailed
information, which could contribute to the detection LV
dysfunction whether EF is preserved and reduced.

Correlation of strain parameters with EF and LGE

More advanced LGE was observed in EF reduced
myocarditis patients than that in EF preserved myocarditis
group. It is reasonable that the EF was severely reduced
when there was a greater proportion of LGE, and the
correlation analysis showed a good correlation (r=-0.60)
between LGE and the EF. The correlation between the EF
and LGE was negative, and a reduced EF was significantly
related to increased LGE. A previous study by Andre
et al. (11) showed that the EF was well correlated with
myocardial strain and the strain rate but was not correlated
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with LGE; however, these results may be limited by
the relatively small sample size of 36. In our study, the
correlation analysis indicated that the EF was correlated
with not only myocardial strain and the strain rate but
also LGE, and LGE%. Further correlations were also
good between EF and PSC (r=-0.67), EF and PSSRC
(r=-0.68), LGE and PSC (r=0.62). The correlation results
indicated EF closely correlated with strain, especially
PSC and PSSRC. Increased LGE was well correlated
with reduced EF and PSC, which indicated an impaired
PSC in acute myocarditis. LGE has already been proved
as an independent risk factor of a poor prognosis for
acute myocarditis patients (4-6). Thus, LGE is important
in acute myocarditis diagnosis and prognosis. However,
acute myocarditis may appear as diffuse oedema or little
fibrosis occasionally, such as fulminant myocarditis, and
conventional LGE would be normal (25), and limited in
revealing diffuse myocardium injury at this point. At this
point, T'1 mapping would be helpful and important and is
the subject of our future research.

Diagnostic performance of strain parameters and LGE

The LVEF is the most common parameter of LV function,
but it cannot detect early LV dysfunction. Therefore, it is
important to choose an appropriate method for evaluating
early LV dysfunction, especially when the EF is preserved.
In our study, LV dysfunction was detected through CMR
feature tracking analysis in patients with preserved EF.
Similar to previous studies (11,20,21), the diagnostic
performance of strain indices was good, for detecting early
LV dysfunction in EF preserved myocarditis patients group
and healthy controls. The ROC curve analysis (Figure 5)
indicated that the PSC was the best strain parameter, when
the cutoff was set at —-19.72%, with a sensitivity of 68%
and a specificity of 88%. Although CMR feature tracking
analysis can detect subclinical LV dysfunction, it still needs
standardizations because the value may be affected by spatial
resolution, temporal resolution, post-processing software
(algorythm). Therefore, more clinical research on CMR
feature tracking should be performed in the future.

For EF preserved myocarditis patients and EF reduced
myocarditis patients, the AUC of PSC and PSSRC were
were superior to the other strain indices (AUC >0.82),
demonstrating that myocardium strain can provide
additional assessment of LV dysfunction. The AUC of
LGE and LGE% were good (AUC =0.88, 0.86) as well.
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Figure 4 Correlation between EF and PSC, EF and PSSRC, EF and LGE, LGE and PSC. PSC, peak strain circumferential; PSSRC; peak

systolic strain rate circumferential; LGE, late gadolinium enhancement; EF, ejection fraction.

Table 4 Receiver operating characteristic curves analysis for EF
preserved myocarditis patients and control

Cutoff  Sensitivity Speciality

Variables AUC value %) (%) P value
PSR 0.78 30.82 86 66 <0.001
PSC 0.83 -19.72 68 88 <0.001
PSL 0.74 -11.48 45 90 <0.001
PSSRR 0.75 2.00 76 65 <0.001
PSSRC 0.70 -1.05 57 76 <0.001
PSSRL 0.61 -0.61 31 92 0.040
PDSRR 0.69 -2.20 65 72 <0.001
PDSRC  0.65 1.24 58 66 0.003
PDSRL 0.66 0.66 82 57 0.002

AUC, area under the curve; EF, ejection fraction; PSR, peak
strain radial; PSC, peak strain circumferential; PSL, peak strain
longitudinal; PSSRC; peak systolic strain rate circumferential;
PSSRR, peak systolic strain rate radial; PSSRL, peak systolic
strain rate longitudinal; PDSRR, peak diastolic strain rate radial;
PDSRC, peak diastolic strain rate circumferential; PDSRL, peak
diastolic strain rate longitudinal.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

LGE is important in the diagnosis of myocarditis, and is
one criterion of “Lake Louise Criteria”. In our study, for
EF preserved and EF reduced myocarditis patients, the
diagnostic value of LGE was also good.

Limitation

This was a retrospective study, including 115 cases from
two centres. Although the sample size was relatively large
compared with that of prior studies (11-13), and the results
may be more reliable, differences in the parameters and
image quality among different scanners cannot be neglected,
using three different platform in a small sample size could
could have some influence on diagnostic accuracy. This
included different reconstructed cardiac phases among the
different scanners. In all, 25 cardiac phases were obtained
using the Siemens and Philips systems, while 20 were
obtained using the GE system. When there are more phases
in cine images, the cine provides more details of cardiac
function and strain. There is no guideline or consensus on
the cardiac phases of the cine sequence, although there were

Cardiovasc Diagn Ther 2020;10(4):725-737 | http://dx.doi.org/10.21037/cdt-20-221
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Figure 5 Receiver operating characteristic curves analysis showed PSC (AUC =0.83) did the best diagnostic performance for the
differentiation of EF preserved myocarditis and control (A), PSC, PSSRC (AUC =0.91) did the best diagnostic performance for the
differentiation of EF reduced myocarditis patients and EF preserved myocarditis patients (B). PSC, peak strain circumferential; PSSRC,

peak systolic strain rate circumferential.

Table 5 Receiver operating characteristic curves for EF reduced
myocarditis and EF preserved myocarditis patients

Sensitivity Speciality

Variables AUC Cutoff (%) %) P value
PSR 0.87 15.82 92 74 <0.001
PSC 0.91 -13.27 89 90 <0.001
PSL 0.87 -9.12 82 80 <0.001
PSSRR  0.82 0.97 90 70 <0.001
PSSRC  0.91 -0.79 93 83 <0.001
PSSRL 0.85 -0.57 82 78 <0.001
PDSRR  0.86 -1.18 78 82 <0.001
PDSRC  0.85 0.61 96 70 <0.001
PDSRL  0.84 0.67 44 100 <0.001
LGE 0.88 26.64 86 80 <0.001
LGE% 0.86 22.53 82 71 <0.001

AUC, area under the curve; EF, ejection fraction; PSR, peak
strain radial; PSC, peak strain circumferential; PSL, peak strain
longitudinal; PSSRC; peak systolic strain rate circumferential;
PSSRR, peak systolic strain rate radial; PSSRL, peak systolic
strain rate longitudinal; PDSRR, peak diastolic strain rate radial;
PDSRC, peak diastolic strain rate circumferential; PDSRL,
peak diastolic strain rate longitudinal; LGE, late gadolinium
enhancement.
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studies on normal strain values (7,8). A second limitation
is the difference in image quality; images obtained using a
3-T system may have high spatial and contrast resolution
but may have more artefacts, such as banding artefacts on
balanced SSFP sequences, and there may be some effects on
postprocessing. Another limitation may be the lack of data
from T'l mapping and T2 mapping, which are accurate and
quantitative techniques that have proven to be helpful in
making diagnoses by CMR (26-30). This is another future

direction of our work.

Conclusions

CMR is important for evaluating suspected myocarditis in
clinical practice, not only for making the diagnosis but also
for evaluating cardiac function and viability. Furthermore,
myocardial strain analysis using CMR feature tracking can
be used to detect ventricular dysfunction when the LVEF is
reduced or still preserved. The diagnostic performance of
strain indices was good when EF was preserved or reduced.
PSC showed best diagnostic value in two diagnostic tests,
and closely correlated with LGE. In addition to the LVEE,
myocardial strain analysis, LGE assessment are related to
left ventricular dysfunction.
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