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Abstract The aim of this study was to assess cardiac
deformation patterns in myocarditis applying feature track-
ing imaging (FTI) to cardiovascular magnetic resonance
(CMR) images. Thirty-six patients (31 males) with acute
myocarditis and 36 age- and gender-matched healthy vol-
unteers were studied. CMR examinations were performed
in a 1.5 T MR-scanner including late gadolinium enhance-
ment (LGE). FTI was applied to standard cine images of
long and short axis views. Global peak circumferential,
longitudinal and radial systolic strains as well as long
axis strain (LAS) were measured. Patients showed signifi-
cantly impaired global peak circumferential (—24.4+4.2%
vs. —28.8+£3.8%, p<0.0001), longitudinal (—17.6+4.4%
vs. —23.8£3.1%, p<0.0001) and radial (26.1+5.4% vs.
37.9+7.6%, p<0.0001) systolic strains. Even patients with
a preserved ejection fraction (pEF, >55 %) had significantly
reduced longitudinal (-20.0£4.8% vs. -23.8%3.1%,
p<0.01) and radial (27.7£5.5% vs. 37.9£7.6%,
p<0.0001) strains. The extent of LGE in patients did not
correlate to their respective strains. Regarding the differen-
tiation between patients and controls, the addition of global
peak systolic strains to ejection fraction led to a significant
improvement of the logistic regression model (3> 48.7 vs.
71.5; p<0.001) resulting in a high AUC of 0.98. Apply-
ing previously published reference values, 75% or 31%
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of patients with pEF showed at least one strain value or a
LAS, which fell below the limit of 1 or respectively 2 stan-
dard deviations from the reference mean value. Cardiac
strains measured by CMR-FTI are significantly impaired
in patients with acute myocarditis even in those with pEF.
Therefore, strain assessment may improve the diagnostic
accuracy of CMR for myocarditis.

Keywords Cardiovascular magnetic resonance - Strain -
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Introduction

Acute myocarditis is associated significantly with morbidity
and mortality. The long-term mortality rate in patients with
viral myocarditis reaches 19% and epidemiologic studies
have shown that myocarditis may account for up to 12%
of sudden cardiac deaths in young individuals [1-3]. The
diagnosis of myocarditis is challenging due to its unspecific
clinical presentation and its wide variability of myocardial
changes. Cardiovascular magnetic resonance (CMR) is the
method of choice for the non-invasive assessment of car-
diac morphology and function as well as tissue character-
ization [4]. Furthermore, it has shown to offer a prognostic
value in patients with suspected or proven myocarditis [3,
5]. Besides the precise quantification of cardiac volumes
and the detection of tissue alterations, CMR offers the pos-
sibility to evaluate cardiac deformation. The assessment
of cardiac strains provides an incremental value for risk
stratification in various cardiac diseases [6—8]. Recently,
feature tracking imaging (FTI) has been applied to cine
CMR images and reference values have been published [9,
10]. In previous studies, a robust correlation between strain
values derived from CMR—FTI and MR tagging as well as
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echocardiography (EC) speckle tracking has been shown
[11-15]. Furthermore, FTI-derived strain values featured an
excellent intra- and inter-observer reproducibility as well as
a good inter-study agreement [9, 10]. The aim of this study
was to characterize cardiac strain alterations in patients with
acute myocarditis in comparison to matched healthy con-
trols applying FTI.

Methods
Patients and control group

We retrospectively included 36 patients (31 male, 5 female)
in the final study population who were admitted with acute
myocarditis and underwent a clinically indicated CMR
examination. The patients presented with acute symptoms
of myocarditis (e.g. chest pain or dyspnoea) in our chest
pain unit or were referred to our tertiary cardiology cen-
tre by other hospitals or physicians. Blood samples were
taken at the initial presentation as well as during hospital
stay. C-reactive protein (CRP) as well as cardiac Troponin
T (cTnT; fourth generation TnT assay, Elecsys 2010, Roche
Diagnostics, Penzberg, Germany) until June 2009 and high-
sensitivity cardiac Troponin T (hscTnT; Elecsys Troponin
T hs Test, COBAS E411, Roche Diagnostics, Penzberg,
Germany) after June 2009 were measured and peak levels
during hospital stay were determined. The control group
consisted of proven healthy volunteers from a well-charac-
terized reference population who were matched with regard
to age and gender. All healthy controls passed through an
extensive selection process including medical history,
physical examination, electrocardiogram (ECG), lab tests,
oral glucose tolerance test and stress CMR. They were not
allowed for any regular medication except for contracep-
tives, chronic thyroid hormone substitution or vitamins. The
body mass index (BMI) as well as the body surface area
(BSA) according to the Mosteller formula were calculated
[16].

The study was in accordance with the declaration of Hel-
sinki and approved by the local ethics committee. The ref-
erence population was part of several previous studies and
publications [10, 17] (NCT01100710).

Image acquisition

CMR images were acquired in a 1.5 T whole body MR scan-
ner (Achieva, Philips Medical Systems, Best, The Nether-
lands) in supine position applying a vector-ECG triggering.
Short axis (SAX) from base to apex as well as two-, three-
and four-chamber views of the left ventricle (LV) were
obtained using a standard cine steady-state free precession
(SSFP) sequence. Myocardial oedema was assessed apply-
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ing a T2-weighted triple-inversion recovery black blood
sequence. Late gadolinium enhancement (LGE) imaging
was performed 10 min after the administration of 0.2 mmol
Gd-DTPA/kg body weight (Magnograf, Bayer Healthcare,
Leverkusen, Germany).

Image analysis

The cardiac morphology including LV enddiastolic (EDV)
and endsystolic (ESV) volumes, stroke volume (SV) and
ejection fraction (EF) was quantified by two experienced
observers independently. Cardiac strain was assessed in
short and long axis views of cine CMR images applying
the FTI algorithm (2D CPA CMR Feature tracking soft-
ware, TomTec Imaging Systems, UnterschleiBheim, Ger-
many) (Fig. 1). Global peak circumferential endocardial
and global peak radial systolic strains were obtained in three
SAX, which covered the apical, midventricular and basal
LV segments. The global peak longitudinal endocardial
systolic strain was averaged from the measurements of the
two-, three- and four-chamber views. Furthermore, the long
axis strain (LAS) was determined according to the previ-
ously published epi/mid approach [18]. LGE was assessed
visually and quantified using a dedicated CMR analysis
software (cmr*?, Circle Cardiovascular Imaging, Calgary,
Canada). The quantification of the affected myocardium
was performed applying a threshold of 3 standard devia-
tions (SD) above the mean of the remote myocardium as
recommended in current literature [19]. In addition, thresh-
oldsof 2,4, 5, 6,8 and 10 SD above the mean of the remote
myocardium were assessed.

Statistics

Data was tested for normal distribution applying the
D’Agostino Pearson test. Continuous data is presented as
mean+ SD. Non-parametric data is presented as median
(interquartile range). For the comparison of two groups the
Student’s ¢ test or the Welch test were used for paramet-
ric data, non-parametric data was assessed by the Mann—
Whitney test. Parametric data of more than two groups was
assessed with an ANOVA with a post-hoc Student—New-
man—Keuls test. Correlation was evaluated using Pearson’s
correlation coefficient or Spearman’s rho as applicable. Cat-
egorical data was assessed employing the Chi-square test.
Receiver operating characteristics (ROC) were applied and
the area under the curve (AUC) was calculated. A stepwise
logistic regression model was used to assess the diagnos-
tic significance of different parameters. For the comparison
with recently published reference values for global peak cir-
cumferential, longitudinal and radial systolic strains as well
as the LAS [10, 18], two lower limits were defined as 1 or
2 SD from the respective mean value. Statistical analyses
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Fig. 1 Feature tracking. Left Example of the tracking of short and long axis SSFP images. Right Example of the resulting strain curves. The mean

curves are indicated by arrows

were conducted using MedCalc Statistical Software version
15.8 (MedCalc Software, Ostend, Belgium). A statistical
significance was assumed at p<0.05.

Results

Clinical characteristics, cardiac function and
deformation of myocarditis patients compared to
healthy controls

An overview of the patients’ characteristics is given in
Table 1. Pre-existing congestive heart failure was reported
for none of the included patients. Furthermore, subjects did
not show valvular stenosis or other than mild forms of val-
vular regurgitation. Arterial hypertension was reported in
seven patients (19 %).

The compositions of the patient group and of the con-
trol group were similar with regard to age [40.5 (27.5-48.0)
years vs. 41.0 (29.0—48.5) years, p=n.s.], gender (31 males
and 5 females vs. 31 males and 5 females, p=n.s.), BMI

Table 1 Characteristics of the myocarditis patients

Variable

Age (years) 40.7+15.8
Sex (male) 31 (86%)
Body surface area (m?) 2.0+0.2
Body mass index (kg/m?) 25.6x4.7
Peak level CRP (mgl/1) 77.4£70.6
Peak level cTnT (ng/l) (n=16) 755 (515-1720)
Peak level hscTnT (ng/l) (n=20) 539+467
Heart rate (beats per min) at CMR examination 74.1+15.0
EDV (ml) 171.8+33.4
ESV (ml) 78.6+£20.9
SV (ml) 932+21.1
EF (%) 54.4£8.3

[25.3 (22.0-28.3) kg/m? vs. 24.8 (23.1-26.8) kg/m%, p=n.s.]
and BSA (2.0£0.2 m? vs. 2.0+0.2 m?, p=n.s.).

The CMR examinations of the patients were performed
2 (1-3) days after hospital admission. The EDV was similar
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between patients and healthy controls (171.8+33.4 ml vs.
168.5£41.0 ml, p=n.s.), whereas the ESV was significantly
increased in patients (78.6£20.9 ml vs. 55.9+£19.5 ml,
p<0.0001) resulting in a lower SV (93.2+21.1 ml vs.
112.6+23.5 ml, p<0.001) and a reduced EF (54.4+8.3%
vs. 67.5+£4.6 %, p<0.0001). In patients, myocardial oedema
was present in 25 of 33 cases (76 %) with assessable oedema
CMR.

FTI analysis revealed significantly reduced global peak
circumferential (-24.4+4.2% vs. —28.8£3.8 %, p<0.0001)
and longitudinal (-17.6£4.4% vs. -23.8%£3.1%,
p<0.0001) systolic strains in myocarditis patients resulting
in less negative values (Fig. 2). Likewise, the global peak
radial systolic strain was significantly lower in patients
than in controls (26.1£5.4% vs. 37.9£7.6%, p<0.0001).
The global peak circumferential, longitudinal and radial
systolic strains correlated well with EF (r=-0.75, r=-0.62,
r=0.60; all p<0.0001). There was no significant correla-
tion between the extent of LGE and the assessed systolic
strains (all p=n.s.). The fraction of myocardium which
was affected by LGE in myocarditis patients is given in
Table 2. In addition, its distribution pattern is displayed in
Fig. 3.

Subgroup analysis of myocarditis patients with
preserved ejection fraction

We performed a subgroup analysis in myocarditis patients
with a preserved LV EF (=55 %, n=16) compared to healthy
subjects (n=36). The composition of this subgroup showed
no significant difference to the healthy controls with regard
to age, gender, BMI and BSA (all p=n.s.). Although the EF
was formally not impaired, the patients showed reduced
global peak longitudinal (-20.0£4.8% vs. —23.8+3.1%,
p<0.01) and radial (27.7£5.5% vs. 37.9£7.6%, p<0.0001)
systolic strains. Yet, the global peak -circumferential
(-27.9+£2.9% vs. —28.8+£3.8 %, p=n.s.) systolic strain was
not significantly different (Fig. 4).

Fig. 3 Distribution pattern of late gadolinium enhancement in myo-
carditis patients. Fraction of myocardial segments according to the
17-segment model of the American Heart Association which showed
late gadolinium enhancement in the patient cohort. The proportion of
affected segments is given in percentage

The global peak circumferential (-21.6+2.7% vs.
—27.9£2.9%, p<0.0001) and longitudinal (—15.7£2.8%
vs. —20.0£4.8 %, p<0.01) systolic strains showed a signifi-
cant difference between myocarditis patients without and
with preserved EF (pEF). The global peak radial systolic
strain revealed a trend which, however, did not reach signifi-
cance (24.9£5.1% vs. 27.7£5.5%, p=n.s.). Both groups
showed no significant difference regarding age, gender,
BMI and BSA (all p=n.s.).

Assessment of the diagnostic value of cardiac
deformation in myocarditis patients

The ROC analysis showed good AUC values for the dif-
ferentiation between myocarditis patients and healthy
controls which allowed for the determination of threshold
values and the calculation of their respective sensitivities
and specificities (Fig. 5). Regarding the EF, the AUC was
0.92 yielding a sensitivity of 89 % and a specificity of 86 %.
The AUC was 0.78 for the global peak circumferential sys-
tolic strain with a sensitivity of 58 % and specificity of 89 %.
For the global peak longitudinal systolic strain the AUC was
0.86 reaching a sensitivity of 81 % and specificity of 86 %.

Circumferential strain Longitudinal strain Radial strain
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Fig. 2 Comparison of cardiac strains between myocarditis patients and healthy controls. The global peak circumferential, longitudinal and radial
systolic strains were significantly reduced in myocarditis patients compared to healthy volunteers. *p <0.05
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Table 2 Fraction of myocardium affected by late gadolinium enhance-
ment in myocarditis patients

Threshold value above mean
of remote myocardium

Fraction (%)

2SD 40.3 (30.2-48.0)
3SD 29.2(21.8-39.3)
4SD 21.9 (14.7-32.8)
5SD 14.7 (9.9-28.0)
6 SD 10.8 (6.7-24.4)
8SD 6.0 (2.8-16.5)
10 SD 3.0 (1.1-12.1)

For the quantification of the myocardium affected by LGE threshold
values of 2, 3, 4, 5, 6, 8 and 10 standard deviations (SD) above the
mean of remote myocardium were applied. As in current literature a
threshold value of 3 SD is recommended for the assessment of LGE
in myocarditis patients [19], deviating threshold values may result in
an over- or underestimation of affected myocardium. However, these
values were used to screen for possible correlations between LGE
and the assessed systolic strains. All values are displayed uniformly
as median (interquartile range) as some of them showed a non-
parametric distribution

The ROC analysis of the radial systolic strain featured an
AUC of 0.90 with a sensitivity of 83% and a specificity
of 81 %. Regarding the myocarditis patients with pEF, the
AUC of the global peak longitudinal systolic strain was 0.74
with a sensitivity of 63 % and specificity of 86 % (Fig. 6).
The ROC analysis of the global peak radial systolic strain
featured an AUC of 0.86 with a sensitivity of 100% and a
specificity of 58 %. However, the ROC analysis of the global
peak circumferential systolic strain yielded no significance
in the patients with pEF compared to healthy controls.

In the logistic regression analysis, which included the
global peak circumferential, longitudinal and radial systolic
strains, EF, age and gender, all assessed strains as well as the
EF contributed significantly to the model (3> 71.5, 90.3 % of
cases classified correctly, AUC 0.98, see Table 3). In addi-

100
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Fig. 5 ROC curves of the cardiac strains for the differentiation
between myocarditis patients and healthy controls. The area under the
curve was 0.92 for EF (criterion < 62%), 0.78 for global peak cir-
cumferential (criterion > —24.9%), 0.86 for global peak longitudinal
(criterion > —20.9 %) and 0.90 for radial (criterion < 31.3 %) systolic
strains. The p values of all analyses were <0.0001

tion to the EF, the cardiac strains improved the regression
model significantly (Fig. 7).

Implementation of current reference values for cardiac
deformation

Previously published reference values were applied to dis-
tinguish between myocarditis patients and healthy controls
(see Table 4). In the myocarditis cohort, the lower limit was
exceeded in 39% of the global peak circumferential sys-
tolic strain values, in 69 % of the global peak longitudinal
systolic strain values and in 72 % of the global peak radial
systolic strain values using a threshold of 1 SD from the ref-
erence mean value. In 83 % of the cases at least one of these
strain values fell below the limit. The limit was exceeded in
19% of the global peak circumferential systolic strain val-
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Fig. 4 Comparison of cardiac strains between myocarditis patients
without and with pEF and healthy controls. The difference between
myocarditis patients with pEF and healthy controls yielded signifi-
cance for the global peak longitudinal and radial systolic strains. All

assessed strains differed significantly between myocarditis patients
with impaired EF and healthy volunteers. Group 1: myocarditis
patients with impaired EF (<55 %), Group 2: myocarditis patients with
pEF (=255 %), Group 3: healthy controls; *p<0.05
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Fig.6 ROC curves of the cardiac strains for the differentiation between
the subgroup of myocarditis patients with pEF and healthy controls.
The AUC was 0.74 for global peak longitudinal (criterion > —20.9 %)
and 0.86 for radial (criterion < 35.6 %) systolic strains. The p values of
all analyses were <0.01

Table 3 Variables of the logistic regression model for the differentia-
tion between myocarditis patients and healthy controls

Variable Coefficient p value
EF —-0.33 <0.001
Global peak circumferential systolic strain —0.36 <0.05
Global peak longitudinal systolic strain 0.37 <0.05
Global peak radial systolic strain -0.33 <0.05

Age and gender were not included in the final model as they did not
contribute significantly

70
60
50
>< 40
30
20
10

48.7 71.5
EF EF + Strains

Fig. 7 Chi-square values of the logistic regression model for the dif-
ferentiation between myocarditis patients and healthy controls. In
addition to the EF the cardiac strains improved the regression model
significantly. ¥*p<0.001

ues, in 36 % of the global peak longitudinal systolic strain
values and in 19% of the global peak radial systolic strain
values when a threshold of 2 SD from the reference mean
value was applied. Hereby, 47 % of cases showed a least one
value below the limit.

Applying the reference values to the 16 myocarditis
patients with pEF, the lower limit was exceeded in 0% of
the global peak circumferential systolic strain values, in
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44% of the global peak longitudinal systolic strain values
and in 56 % of the global peak radial systolic strain values
using a threshold of 1 SD from the reference mean value.
In 69 % of the cases at least one of these values fell below
the limit. The limit was exceeded in 0% of the global peak
circumferential systolic strain values, in 19% of the global
peak longitudinal systolic strain values and in 19 % and of
the global peak radial systolic strain values when a thresh-
old of 2 SD from the reference mean value was applied.
Hereby, 25% of cases showed a least one value below the
limit.

For a further examination of the myocarditis patients with
pEF, the LAS was assessed employing recently published
reference values [18]. In 63 % or 19 % of the cases the LAS
fell below the limit when 1 or 2 SD from the previously
published reference mean value were applied as threshold
(—14.8% or —12.5 % respectively).

Combining all assessed strain values, i.e. the global peak
systolic strains and the LAS, in myocarditis patients with
pEF, in 75 % or 31 % of the cases at least one of these values
exceeded the limit when 1 or 2 SD from the mean were set
as one-sided threshold, respectively.

Discussion

In this study, the cardiac deformation of myocarditis patients
was assessed by FTI of cine CMR images and compared to
healthy volunteers.

The major findings were: (1) In patients with myocarditis
the cardiac deformation as measured by global peak endo-
cardial systolic strain values is significantly impaired. (2)
Even patients with a preserved EF show markedly reduced
global peak longitudinal and radial systolic strain values. (3)
Strain measurements allow to distinguish between patients
and controls with good accuracy. (4) The application of
recently published reference values may improve the identi-
fication of myocarditis patients in clinical routine.

The current CMR criteria (Lake Louise criteria) for the
diagnosis of myocarditis use morphological features as
early and late gadolinium enhancement as well as myocar-
dial oedema [20]. The evaluation of cardiac function has
only supportive character in this definition. However, EC
studies indicated that myocarditis patients show impaired
cardiac strains despite a pEF and that the assessment of
cardiac deformation has the potential to improve the diag-
nosis in these patients [21, 22]. The assessment of cardiac
strains in CMR examinations can be performed by FTI with
little effort and without the need for additional scans or
sequences as standard cine SSFP images are utilised. For
this purpose, the FTI algorithm tracks the motion of cardiac
features as tissue inhomogeneities in relation to each other
throughout the cardiac cycle. As mentioned before, prior
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Table 4 Limits for the global peak systolic strains

Age Men Women

SO Limit Limit Limit Limit
(1SD) (2 SD) (1SD) (2 SD)

Circumferential

1 —24.2 -21.3 -23.5 -20.1

2 —20.4 -16.0 -24.8 -214

3 -22.7 -17.8 -24.6 -20.5

Longitudinal

1 -19.3 -15.9 -21.0 -17.6

2 -17.6 —-14.1 -22.4 -19.6

3 -19.6 -16.4 -22.0 -19.6

Radial

1 28.2 20.9 23.8 16.2

2 32.1 243 28.0 19.4

3 29.1 20.0 26.7 16.9

The table shows the age- and gender-specific limits which were
applied for the differentiation between myocarditis patients and
healthy controls. The one-sided thresholds were defined as 1 or 2
standard deviations (SD) from the previously published reference
mean values [10]. Age groups were in dependence on the prior
publication (1: <41 years; 2: 41-54 years; 3: >54 years)

All strain values are given in %

studies demonstrated an excellent intra- and inter-observer
reproducibility as well as a good inter-study agreement [9,
10]. Furthermore, FTI-derived strain measurements showed
an independency of field strengths of 1.5 and 3 T [23]. The
application of deformation analyses on CMR studies offers
the possibility to gain information on cardiac morphology,
function and tissue in a single non-invasive examination.
This may be beneficial for the assessment of patients with
suspected or proven myocarditis in clinical routine as well
as for research purposes.

The strain measurements performed in this study allowed
for a good differentiation between myocarditis patients and
healthy controls leading to high AUC values in the ROC
analysis, which is in agreement with prior EC findings [24].
Sensitivity and specificity reached a considerable level so
that the definition of cut-off values for the differentiation
between healthy and diseased subjects seems feasible. How-
ever, previous studies on the cardiac deformation of healthy
volunteers showed, that strain values are age- and gender-
dependent and that the use of specific reference values is
recommendable [9, 10, 11]. As the size of the population
of the current study did not allow for the formation of sub-
groups with regard to age and gender, we applied previously
published reference values [10, 18].

Applying a cut-off value, which was defined as 1 SD from
the mean given in literature, 39 % of the patients showed a
global peak circumferential, 69 % a global peak longitudinal
and 72 % a global peak radial systolic strain value that was

outside the normal range. If all strain values are evaluated,
83 % of all myocarditis patients revealed at least one abnor-
mal result. However, as the strain values of the underlying
reference population showed a normal distribution, about
15.9% of the healthy subjects have per definition values,
which are outside a one-sided reference interval applying
1 SD. A combination of different cut-off values increases
the probability that at least one of them is outside the refer-
ence range. Therefore, we used a second reference interval,
which was defined as one-sided with 2 SD from the refer-
ence mean value. In this case, only about 2.3 % of healthy
subjects fall below the limit. Yet, in myocarditis patients, the
limit was exceeded in 19 % of the global peak circumferen-
tial systolic strain values, in 36 % of the global peak longi-
tudinal systolic strain values and in 19% and of the global
peak radial systolic strain values. A combined analysis of all
these values led to 47% of the cases showing at least one
abnormal result.

When we focused on the myocarditis patients with pEF,
the combination of values led to 69 % or 25 % of the cases,
respectively, which exceeded the limit when 1 or 2 SD were
applied to define the threshold. When the LAS was included
75 % or 31 % of patients with pEF showed a least one value,
which fell below the limit of 1 or 2 SD.

Although, we defined a high threshold of >55% for a
pEF, the assessment of global peak systolic strains and LAS
yielded positive results in these patients.

The logistic regression model, which comprised all
assessed global peak systolic strains and the EF as significant
parameters, showed an excellent fit with a correct classifica-
tion in over 90 % of the cases. Therefore, the assessment of
global peak systolic strains may have an incremental value
to the established criteria for the detection of myocarditis.
These results support findings from the trial of Hsiao et al.,
who assessed cardiac strain in myocarditis patients applying
EC speckle tracking [24]. In this study on 45 myocarditis
patients and 83 healthy controls, the cardiac deformation
parameters were still significant predictors for myocarditis
after the adjustment for gender, septal thickness, EF and
SV index.

In contrast to a previous EC trial of diBella et al., our
study showed significant differences regarding not only
the longitudinal but also the radial and the circumferential
strain between myocarditis patients and healthy subjects
[21]. Besides, the study cohort of the EC trial was relatively
small consisting of only 13 male myocarditis patients and 13
healthy controls. Our findings are supported by the results
of other EC studies on patients with myo- or perimyocardi-
tis, which showed a significant reduction of the longitudinal
and circumferential strains whereas radial strains were not
assessed [24, 25].

Besides its diagnostic value, the assessment ofcardiac
deformation may contribute to risk stratification. Escher et
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al. could show that patients with biopsy-proven persistent
inflammation have a reduced longitudinal strain as mea-
sured by EC speckle tracking compared to those patients
who showed a recovery [26]. Furthermore, the longitudi-
nal strain correlated with lymphocytic infiltrates which are
a predictor of poor outcome [27]. The EC study of Hsiao et
al. showed, that a decline of the circumferential or longitu-
dinal strain was associated to major clinical events during
a median follow-up period of 14.7 months [24]. Regarding
CMR, the presence of LGE is a strong predictor of long-
term outcome [3]. Thus, the combination with FTI-derived
strain may further enhance the prognostic value of CMR
examinations in myocarditis patients.

Limitations

As in most of the prior trials, the number of myocarditis
patients in our retrospective analysis was relatively small.
We accounted for that by drawing a reference population
who was matched regarding not only age and gender but also
BMI and BSA. Even the subgroup of myocarditis patients
with pEF showed no significant differences of the assessed
basic anthropometric parameters to the healthy volunteers.
Yet, the number of cases in the subgroups was relatively
small handicapping the statistical analysis. Potentially, big-
ger groups might have led to more distinct statistical results.

The current CMR study has no follow-up data, so that the
prognostic value of the FTI-derived cardiac strains could
not be assessed. This might be an objective of future trials.

CMR offers the possibility of advanced tissue character-
ization by using mapping techniques, which showed prom-
ising results in previous trials [28, 29]. Yet, the assessment
of these techniques was beyond the scope of this study. Fur-
ther trials might address the incremental diagnostic benefit
of a combination of cardiac strain analysis with tissue char-
acterization in myocarditis patients.

Conclusions

The assessment of cardiac strains applying FTI on standard
cine CMR images is feasible in patients with acute myo-
carditis. As patients in total as well as with preserved ejec-
tion fraction showed significantly reduced cardiac strains,
FTI may contribute to the diagnosis of myocarditis without
the need for additional scans. Further studies are needed
to assess its incremental beneficial value for diagnosis and
risk stratification especially in combination with mapping
techniques.
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