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Evaluation of myocardial performance et

by serial speckle tracking echocardiography
in diagnosis and follow-up of a patient
with eosinophilic myocarditis
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Abstract

Background Speckle tracking echocardiography (STE) has been used as an adjunct diagnostic modality in patients
with eosinophilic myocarditis. Its serial dynamic nature, however, has never been reported before.

Case presentation A 17-year-old boy presented in cardiogenic shock state. His full blood count revealed an abso-
lute eosinophilic count of 11.18 x 10%/uL. An emergency 2D echocardiogram (2DE) showed global left ventricular
hypokinesia with LVEF =9.0% by Simpson’s method and a large amount of pericardial effusion. STE showed a global
longitudinal strain (GLS) of — 4.1%. Because of his poor clinical status and presence of marked hypereosinophilia and
the possibility of eosinophilic myocarditis (EM), parenteral pulse therapy with methylprednisolone and inotropes was
started with subsequent improvement within the next 48 h. Over the next few days, he had his first cardiovascular
magnetic resonance imaging (CMR), which showed late gadolinium enhancement (LGE) in different cardiac regions.
After two weeks of therapy, he left the hospital in a stable condition, with LVEF =38.0%, and GLS = — 13.9%. He did
well during his two months of outpatient follow-ups and was found to have an absolute eosinophil count of 0.0% on
several occasions. Unfortunately, he was re-admitted because of treatment non-compliance with almost the same,
albeit milder, symptoms. The WBC count was 18.1 x 10% per microliter, and the eosinophilic count was 5.04 x 10%/

uL (28%). Heart failure treatment and high-dose prednisolone were started. After 15 days of admission, he got better
and was discharged. During both hospital admissions and several months of follow-up, he had multiple 2DEs, STE,
and two CMR studies. None of his STEs were identical to the prior studies and were dynamic with frequent wax and
wanes throughout the admissions and follow-ups. Thus a single admission-time STE study was not sufficient enough
to properly predict the patient’s outcome. Follow-up STEs showed new sites of myocardial involvement despite the
absence of eosinophilia.

Conclusion The use of STE in this patient, proved to have an added value in the evaluation and stratification of the
left ventricular function in patients with EM and can be used as a diagnostic adjunct to CMR for diagnosis of EM.
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Background

The chronic presence of high eosinophil cells in the
serum (hyper-eosinophilia), for any reason including
immunological, allergic, or infectious reasons, can result
in cardiac tissue damage. This damage is caused by eosin-
ophil-derived neurotoxins, proteins, and reactive oxygen
species, especially in the form of myocarditis, known as
acute eosinophilic myocarditis (EM) [1, 2]. The clinical
manifestations of EM are mainly non-specific and over-
lap with other cardiac diseases, ranging from asympto-
matic to dyspnea, chest pain, dysrhythmias, cardiogenic
shock, syncope, and sudden death varying based on the
extent of cardiac damage [3].

Endomyocardial biopsy, the gold standard diagnos-
tic method, is an invasive method and not always appli-
cable because of poor clinical conditions in the patient,
lack of facilities, and experience [4]. Hyper-eosinophilia
is also undetectable in about 24% of the patients because
of eosinophil deposition in tissues [5, 6]. Despite several
diagnostic methods suggested, neither changes in the
electrocardiogram, such as ST-T segment abnormalities,
nor the wide range of non-specific features in two-dimen-
sional echocardiogram (2DE), are able to distinguish EM
from other cardiac diseases. However, gadolinium-based
cardiovascular magnetic resonance (CMR) imaging is
recommended as an accurate non-invasive diagnostic
tool for acute myocarditis and EM [7, 8]. It can show tis-
sue abnormalities (such as necrosis, fibrosis, edema, and
hyperemia), as well as changes in wall thickness, chamber
dimensions, ventricular function, and amount of pericar-
dial effusion. However, CMR is not always accessible, and
its interpretation requires specific training and experi-
ence. Therefore, looking for an alternative tool for early
EM diagnosis is a medical necessity [9].

Speckle tracking echocardiography (STE) is a sensi-
tive tool for early detection of myocardial involvement
and left ventricular (LV) dysfunction using strain and
strain rate, especially in patients with acute myocarditis
[9-11]. Nevertheless, the role of STE in early diagnosis,
as well as the role of serial STEs to assess their evolution-
ary changes over time in patients with EM and compari-
son with their concomitantly performed 2DEs and three
CMRs studies, has never been reported before. Herein,
we present such a novel case.

Case presentation

A 17-year-old boy with asthma was referred to the emer-
gency department in cardiogenic shock. He had experi-
enced high-grade fever, dyspnea, productive cough, and
profuse sweating for the past ten days. On arrival, he
appeared pale, quite anxious, and in severe respiratory
distress. The systolic blood pressure was 70 mmHg (by
the manual measurement using a sphygmomanometer),
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the respiratory rate was 34/min, his pulse was weak
but rapid (about 130/min). The body temperature was
39.2 °C. The heart sounds were muffled with audible peri-
cardial friction rubs and bilateral harsh breathing sounds.
His full blood count revealed a total white blood cell
count of 23 x 10%/uL and an absolute eosinophilic count
of 11.18 x 10°/uL. The sinus tachycardia and wide-spread
non-specific ST segment and T wave changes were evi-
dent on his electrocardiogram (Fig. 1). His chest X-ray
showed cardiomegaly and pulmonary congestion. The
2DE revealed increased myocardial thickness with global
LV hypokinesia and an ejection fraction (EF) of 9.0% by
Simpson’s method. Large pericardial effusion was evi-
dent, too (without tamponade). The right ventricle (RV)
size and systolic function were normal (Fig. 2A). The infe-
rior vena cava appeared plethoric and non-compressible.

Due to the unavailability of CMR at the admitting cen-
tre, STE was performed using a commercially available
standard ultrasound scanner (E9, General Electric Medi-
cal Systems, Horten, Norway) with a 2.5 MHz trans-
ducer. All the images were obtained with a frame rate of
50-70 frames/s. Left ventricular longitudinal peak sys-
tolic strain (LS) was assessed using standard apical views.
Strain and strain rate measurements were performed
offline with dedicated automated software (EchoPAC PC,
version 6.0.0, GE Healthcare, Chalfont St. Giles, United
Kingdom). This showed extensive reduced longitudinal
strain (LS) in nearly all segments with a global longitudi-
nal strain (GLS) of — 4.1% (Fig. 3A) [12].

Endomyocardial biopsy was deferred by the patient and
his parents because of his very poor clinical condition.
However, the presence of severe global LV dysfunction
and hyper-eosinophilia raised the possibility of EM and
warranted initiation of immediate therapy without hav-
ing a definitive diagnosis.

Therefore, pulse therapy with 1000 mg intravenous
methylprednisolone, inotropes, and intravenous heparin
was immediately started in the intensive care unit. After
adequate hemodynamic improvement, low-dose beta-
blockers and angiotensin-converting enzyme inhibitors
were given and gradually up titrated to 6.25 mg carvedilol
twice daily and 12.5 mg captopril twice daily. Furosem-
ide 20 mg IV was given as needed to correct pulmonary
congestion.

He became afebrile within the next 48 h, and his res-
piratory distress dramatically improved. The eosinophil
count reached less than 1000/pL, and following hema-
tological consult, it was decided not to do bone marrow
aspiration/biopsy at that time. His general condition, as
well as 2DE and STE findings, improved further over the
next few days (Figs. 2B, 3B). So that he could be trans-
ferred to another well-equipped center for CMR evalu-
ation, which showed significant improvement in the
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Fig. 1 The first electrocardiogram showing low voltage QRS complexes, sinus tachycardia plus non-specific ST-T changes

LVEF (37.0%), reduction of the pericardial effusion, sub-
endocardial and epicardial edema, and late gadolinium
enhancement (LGE) in different cardiac walls (Fig. 4A—
F). His inotropes were stopped, and his heart failure
medications were adjusted to even lower doses, and after
two weeks of hospitalization, he was stable enough to go
home on low-dose prednisolone (7.5 mg daily). The pre-
discharge echocardiography showed a remarkable reduc-
tion in LV dimensions and pericardial effusion. The LVEF
was 31.0% (Fig. 2C), and STE showed a GLS of — 12.1%
(Fig. 3C). Also, 2DE and STE results four days after dis-
charge revealed LVEF of 38.0% (Fig. 2D) and GLS of
— 13.9% (Fig. 3D). In the outpatient follow-up, significant
clinical improvement was observed with zero eosino-
phil count on several occasions while receiving support-
ive therapy. His two-month post-discharge 2DE showed
an LVEF of 48.0% (Fig. 2E) with GLS of — 17.1% on STE
(Fig. 3E).

About two weeks later, however, he required re-
admission because of non-compliance with treatment.
The symptoms were almost the same as his first hospital
admission, albeit milder: a body temperature of 38.2 °C,

respiratory rate of 28/min, pulse rate of 112/min, and
blood pressure of 95/80 mmHg. An emergency 2DE
and STE showed minimal residual pericardial effusion
and drop in LVEF (24.0%) with new areas of reduced LS
and a GLS of — 10.4% (Figs. 2F, 3F). The white blood
cell count was 18.1 x 10%/uL with an eosinophilic count
of 5.04 x 10°/uL (28.0%). High-dose oral prednisolone
(60 mg per day) was immediately started. The recovery,
however, was slow, and by the 4th day, he became afe-
brile, and his respiration improved. The left ventricu-
lar wall thickness was decreased in his 2DE (Fig. 2G),
and there seemed to be evidence of scar formation
in the basal anteroseptal region in his STE (Fig. 3G).
The CMR showed some LGE in the anterior LV wall
and evidence of mild mid-myocardial scar formation
in the anteroseptal region (Fig. 5A-H). After 15 days
of admission, he left the hospital in a medically good
condition. Six weeks post-discharge, concomitant 2DE,
STE, and CMR showed LVEF of 38.0% (Fig. 2H), GLS of
— 12.9% (Fig. 3H), and evidence of significant improve-
ment in subendocardial edema at different mid and api-
cal LV segments, in addition to subendocardial LGE in
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Date

18.04.2019
(The first
admission;
on arrival)

23.04.2019
(the 5%
hospital

day)

27.04.2019
(The 9t
hospital

day)

07.05.2019
(four days
post
discharge )

03.07.2019

(two months

post
discharge)

Parastenal Long Axis View-2D

Parastenal short Axis of LV
2D Guided M-mode

Apical Four Chamber View

LVEF=31.0 %

4

Cs

LVEF=138.0 %

Fig. 2 Serial transthoracic echocardiographic studies. A-E views: first admission and later follow-ups. On arrival, there was a large amount of
pericardial effusion in addition to left ventricular systolic dysfunction. During the hospital course and then after, there were improvements in the
amount of pericardial effusion, as well as thickness and systolic function of the myocardium. F-K views: second admission and later follow-ups.
On arrival, there was systolic dysfunction in addition to scanty thinning of the ventricular myocardium. Later in and out of the hospital, there were
improvements in the myocardial thickness, as well as the systolic function of the myocardium
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Date PLAW-2D PSAW of LV (2D Guided M-mode) Apical Four Chamber View
LVEF=24.0 %
18.07.2019
(the second
admission;

on arrival)

25.07.2019

19.09.2019

20.11.2019

21.01.2020

25.04.2020

Fig.2 continued



Sharifkazemi et al. Echo Research & Practice (2023) 10:1

Peak Systesic Srain 00

18.04.2019 '

GLS: -15.8%

»OST

eak Systole Strain
ST ser:

Page 6 of 12

o 132 Poan Sytete Sy

23.04.2019 I C

27.04.2019 I

GLS: -12.1%

" 19.09.2019 =
i

GLS: -14.6%

21.01.2020 ”I°

nF &”ur
qm GLS: -13.2%

Fig. 3 A-K Global longitudinal strain measurements at different intervals. The frequent wax and wanes show the severity of reduced longitudinal

strain and the changing cardiac involvement sites both throughout first and second admissions. Anterior (or Antero-lateral®), Anteroseptal
(or Anterior*), Inferior (or Infero-septal*), Lateral (or Infero-lateral®), Posterior (or Inferior*), Septal (or Antero-Septal®) (*) According to segment

definitions by Voigt and co-workers [12]

the anterior and septal LV walls, consistent with small
areas of scar formation (Fig. 6A—F). This was, however,
in contrast to the STE that did not show any signifi-
cant reduced LS to raise the possibility of scar forma-
tion. Within the next several months, he did well, and
seven months after his first admission, while receiv-
ing 12.5 mg of prednisolone and with a 0.0% absolute
eosinophil count, his LVEF was found to be 48.0% by
Simpson’s method (Fig. 2I) and no evidence of signifi-
cant reduced LS (scar formation) was seen in his STE
(Fig. 3I). These strange and unexpected wax and wanes
in his STE were seen once again in his next evaluation

(Date: 21.01.2020), which revealed scar in the base
of anterior and posterior walls and reduced LS in the
midsegments of the anterolateral wall and base to mid
part of the lateral wall (Fig. 3]). Some degree of recov-
ery in these areas, however, was noted in his last study
on 25.04.2020 (Fig. 3K). A brief timeline of the patient’s
clinical presentations and paraclinical findings of both
admissions is shown in Table 1.
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First Admission: 22.4.2019

Fig. 4 A-F.Short axis basal, mid and apical fat saturated T2 weighted (STIR) images demonstrating mainly subendocardial and with lesser degree
midmyocardial and epicardial edema at different basal, mid and apical walls (A-C). Short axis, 4-chamber and vertical 2-chamber post contrast
views showing subendocardial, midmyocardial and epicardial LGE in different basal, mid and apical walls, consistent with acute inflammation (D-F).

Papillary muscle involvement is shown in D

Discussion and conclusions

Since there are very few case reports of acute EM, report-
ing new cases could add to the literature [8]. The fol-
lowing points were the most interesting findings in this
patient:

The myocardial performance, as measured by GLS,
had dynamic changes, what we called as wax and
wanes, throughout both admissions and follow-up
periods (Fig. 3A—E, F-K). These changes were associ-
ated with the appearance, followed by partial or total
disappearance and occasional reappearance of new
STE findings with varying degrees of severity and
new myocardial wall or segmental involvement. For
example, areas that initially had severe reduced LS
and seemed to represent ‘scar formation’” were sub-
sequently proved to be false and mostly disappeared
later on without us having any explanation.

Sometimes the follow-up STE studies showed new
sites of myocardial involvement despite the absence of
eosinophilia.

In their review of 179 patients with EM, Brambatti et al.
[5] reported a median age of 41 years (interquartile range:
27-53 years). This patient, however, was much younger
(17 years old), emphasizing the necessity of considering
the possibility of EM in adolescents and even in children
with appropriate disease presentations.

The combination of clinical symptoms, hyper-eosin-
ophilia, 2DE findings, including severe LV systolic dys-
function and low EF, drove the physician’s suspicion
towards EM. Because of the unavailability of CMR in
the admitting hospital and refusal of the patient and
his parents to have an endomyocardial biopsy, STE was
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Second'Admissioh: 25.07.2019

Fig. 5 A-H Short axis basal, mid, apical and 4-chamber STIR images demonstrating subendocardial and with lesser degree midmyocardial and
epicardial edema in different LV walls (mainly the apex) and also in RV walls (A-E), which has decreased compared with previous study (shown in
Fig. 4A-C), indicative of partial improvement. Short axis post contrast views showing subendocardial, midmyocardial and epicardial LGE in anterior,
septal and with lesser degree anterolateral LV walls, mainly consistent with residual inflammation and with lesser degree areas of midmyocardial

scar formation in anterior and septal walls (F-H)

performed as an alternative, available non-invasive pro-
cedure to help early cardiac diagnostic assessment and
treatment of the patient. In fact, prompt steroid and sup-
portive therapy could be life-saving and improved his
one-year outcome.

However, there is no universally accepted guideline and
imaging modality of choice for the diagnosis and follow-
up of this destructive and progressive cardiac disorder [4,
8].

Although STE is a bit more time-consuming, it is an
easily performed, non-invasive diagnostic tool for the
detection of regional and global left ventricular mal-
functions. It has also been useful for the diagnosis of
acute myocarditis and to predict the deterioration and
the overall event-free survival of such patients [9-11],
but its role in EM diagnosis is not clear yet. The case
presented here showed the successful determina-
tion of the myocardial performance as measured by
GLS. Moreover, his STEs showed dynamic changes
with appearance and subsequent disappearance of
new findings, the reason for which has still remained

unanswered. These fascinating STE wax and wanes
were seen throughout both admissions and follow-up
periods and were detected even when there was no
eosinophilia. Their presence, therefore, could be help-
ful to differentiate EM from other acute life-threatening
illnesses such as acute MI or other types of myocarditis.
This, of course, needs further investigation.

Another major advantage of STE is that it can detect
LV dysfunction long before the occurrence of a drop in
LVEF [13]. This, of course, helps earlier diagnosis of EM
before an actual drop in LVEF becomes clinically evident
or detected by echocardiography.

In addition, longitudinal and circumferential LV strain
and strain rate could predict major clinical events in
patients with normal or reduced LVEF even after adjust-
ment for confounding variables. Serial STEs showed that
areas, which initially seemed to represent scar formation,
were subsequently proved to be falsely so and mostly dis-
appeared later on.

Eosinophic myocarditis is a rare clinical entity, and the
use of STE in this disorder is only anecdotal. In addition
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n The Follow Up: 13.09:20 9
. .

.

Fig. 6 A-F Short axis basal, mid and apical STIR images demonstrating subendocardial edema in different mid and apical walls (mainly in the apex)
and also in RV apical region (A-C). These have been decreased compared with previous study (shown in Fig. 5A-E), suggestive of significant partial
improvement. Short axis and 4-chamber post contrast views showing subendocardial LGE in anterior and septal LV walls, consistent with small

areas of residual inflammation and scar formation (D-F)

detailed description of their STE findings is even scarcer
[14-16].

Although the most common type of LGE involvement
is subendocardial in EM subjects, this is not specific for
this disease and may occur in other disorders too [17].
In addition, other cardiac segments may get involved
as well. Takahara et al. have reported transmural LGE,
localized to the anterior wall and global endocardial type
has been listed along with other conditions by Franco
and colleagues [18].

In this patient, the anteroseptal and anterior walls (or
based on segment definitions by Voigt et al. [12], the
anterior and anterolateral walls, respectively) were the
most frequent sites of involvement, with the middle layer
being almost invariably involved (Fig. 3A-D). Further
studies are required in this regard to compare the adjunct

diagnostic value of STE for EM compared with other
diagnostic tools.

The patient had underlying asthma, which could
be the source of hyper-eosinophilia and eosinophil
deposition in the heart and lung, while withdrawal of
steroids and hypersensitivity have also been reported
as the source of EM in patients with asthma [19-21].
The increased LV wall thickness in the initial echocar-
diogram of our patient was most probably because of
eosinophilic infiltration, which decreased and gradually
normalized by the appropriate treatment (Table 2).

An additional issue worth reporting is the value of
measuring the left ventricular mechanical dispersion
(LVMD) in such patients to predict their arrhythmia
vulnerability.
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Table 1 The timeline of the patient’s clinical presentations and paraclinical findings during both admissions and follow-up period

Date Day Clinical description Eosinophilia STE (GLS) (%) Bull's eye (W&W) LVEF CMR
by 2DE
(%)
18.04.2019 (first 1 Fever, dyspnea, Significantly positive — 4.1 Reduced LS (all seg- 9.0
admission) hypotension ments)
23.04.2019 3-5  No more fever, less Getting better, None — 84 Present 24.0 Acute inflammation
dyspnea on the 5th day (severe LGE)
27.04.2019 9 Doing much better ~ Absent —121 Present 310
07.05.2019 19 Doing well Absent —139 Present 38
03.07.2019 76 No symptoms Absent —17.1 Present 48.0
Treatment non-compliance leading to disease recurrence
18.07.2019 (second 91  Fever, dyspnea Present but lessthan ~ — 104 Reduced LS mainly 240
admission) the first admission in the base, mid and
apical regions
25.07.2019 98  Feeling much better  Absent — 146 Present 39 Subendocardial and
epicardial edema
19.09.2019 153 Doing well Absent —129 Present 380 Small areas of residual
inflammation and scar
formation
20.11.2019 216 No symptoms Absent — 158 Present 48.0
21.01.2020 278  No symptoms Absent — 132 Present 420
25.04.2020 373 No symptoms Absent — 146 Present 45.0

CMR cardiac magnetic resonance, GLS global longitudinal strain, LS longitudinal strain, LVEF left ventricular ejection fraction, STE speckle tracking echocardiography,

2DE two-dimensional echocardiography, W&W wax and wanes

Table 2 Showing the serial changes of the left ventricular wall thickness throughout the hospitalizations and follow-ups

Thickness 184.2019 2342019 2742019 752019 3.7.2019

VS 12 1 10 9 8

PFW 12 1 9 9 8

Thickness 18.7.2019 25.7.2019 1942019 20.11.2019 21.1.2020 254.2020
VS 10 8 8 8 6 8

PFW 10 5 8 8 5 8

IVS interventricular septum, PFW posterior free wall

Haugaa and others were the first to report the capa-
bility of LVMD to predict the occurance of ventricular
arrhythmias and sudden cardiac death in post myocar-
dial infarction patients [22]. More recently, Kawakami
and others have shown that for each 10 ms increase in
LVMD, there is a significant and independent incre-
ment in the ventricular arrhythmic events. They
also recommended an optimal cutoff value of 60 ms
for LVMD in patients with both ischemic and non-
ischemic cardiomyopathies [23].

The mean LVMD value was about 28 ms (18—39 ms)
in our patient with no reported or detected major
arrhythmias during his hospitalizations and/or several

months of out patient follow-ups. Further longer fol-
low-ups and larger number of subjects are however,
needed to clearly clarify this important issue in patients
with EM.

In conclusion, the use of STE in this patient proved
to have an added value in the evaluation and stratifi-
cation of the left ventricular function in patients with
EM (Fig. 7). The fascinating STE wax and wanes could
not only be used for diagnosis of EM but also for its
differentiation from other acute life-threatening dis-
eases, such as acute myocardial infarction. This sug-
gests the possible applicability of STE as an adjunct
in diagnosis and follow-up of patients with EM,
although further studies are required to prove such a
phenomenon.
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Fig. 7 A-D Speckle tracking echocardiography charts at different cardiac segments. A Indicative of the myocardial performance variation during
twelve months of follow-up in the different triple segments of the anteroseptal wall. B Demonstrating myocardial performance variation during
12 months of follow-up in the different triple segments of the anterior wall. C Showing myocardial performance variation during 12 months of
follow-up in the true apical segment. D Demonstrating myocardial performance variation during 12 months of follow-up in the different triple

segments of the inferior wall

Abbreviations

EM Eosinophilic myocarditis

2DE Two-dimensional echocardiogram
CMR Cardiovascular magnetic resonance
STE Speckle tracking echocardiography
Lv Left ventricular

EF Ejection fraction

RV Right ventricle

GLS Global longitudinal strain

LGE Late gadolinium enhancement
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