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Abstract

Background: Heart problems are one of the main causes of death in patients with idiopathic inflammatory myopathies, such as
polymyositis (PM) and dermatomyositis (DM). Speckle tracking echocardiography (STE) and global longitudinal strain (GLS) are non-
invasive, accurate, repeatable, and angle-independent imaging techniques that facilitate a full global and regional evaluation of the left
ventricular (LV) function.

Objectives: This study aimed to evaluate myocardial dysfunction in DM and PM patients using STE and GLS methods.

Methods: The present control-case study was conducted on 30 polymyositis and dermatomyositis patients and 40 healthy individuals as
the control group. Both groups showed no symptoms of cardiovascular diseases and underwent two-dimensional STE and GLS evaluation.
The GLS value was taken as a marker of LV systolic dysfunction.

Results: The 2D GLS value of LV was significantly lower in the DM and PM patients, compared to the control group. A mild diastolic
dysfunction was observed in seven (23.3%) patients, and 23 (76.7%) patients had a normal state. The patients’ age and duration of the
disease were found to be significantly correlated with the left ventricular diastolic dysfunction. No significant difference was observed
between the DM and PM patients with the control group in terms of pulmonary artery pressure level.

Conclusion: Although the DM and PM patients had normal left ventricular ejection fraction values, there was a significant difference
between them and individuals in the control group in terms of LV dysfunction using GLS. Therefore, GLS is a useful variable that can be

used to diagnose sustained and subclinical disorders in LV systolic function of DM and PM patients.
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1. Background

Idiopathic  inflammatory  myopathies (IIM),
including polymyositis (PM) and dermatomyositis
(DM) are a group of muscular autoimmune diseases
associated with considerable mortality and morbidity
rates (1-3). These myopathies are diagnosed with
proximal muscular atrophy, increased musculoskeletal
enzymes, diagnostic electrocardiogram (ECG) findings,
and muscle biopsy (4-6). Although the PM symptoms
develop over several months, the diagnostic process is
usually delayed since unlike DM it is not associated
with skin lesions that appear before the muscles are
affected (7).

Cardiac events in [IM patients are a major cause of
death that mostly occur as a left ventricular (LV)
diastolic disorder and are closely associated with the
duration of the disease. Symptomatic heart problems
are usually not common in these patients. The
prevalence and importance of subclinical cardiac
abnormalities in IIM have not yet been identified
accurately. Moreover, autopsy findings indicate the
presence of myocarditis in a group of these patients
(8). Myocardial fibrosis increases the risk of systolic

and diastolic dysfunction and dysrhythmia in these
patients (9). The diagnosis of such cardiac diseases is
often difficult with routine imaging techniques (10).
Today, the development of non-invasive and highly
sensitive diagnostic techniques has enabled the
detection of subclinical cardiac abnormalities (8,11).

Speckle tracking echocardiography (STE) is an
echocardiography imaging technique that enables the
objective and quantitative global and regional
evaluation of myocardial systolic and diastolic
myocardial functions (12,13). Given that cardiac
problems are poor prognostic signs in autoimmune
disorders, studies have shown that LV deformation
analysis using sensitive STE is appropriate for the
prediction of subclinical LV myocardial involvement,
even when ejection fraction (EF) is normal (14). The
results of a recent study conducted by Diniz et al.
showed that the application of two-dimensional STE
(2D STE) led to the early detection of LV systolic
myocardial impairment in juvenile DM patients with
preserved EF (15).

Cardiac dysfunction, especially LV dysfunction, is
one of the main causes of heart failure in DM/PM
patients and often has a poor prognosis. Cardiac
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function assessment in patients with no known
heart problems seems to be essential for their
recovery and increases the chance of survival (16).
Global longitudinal strain (GLS) is a new and more
sensitive echocardiography method for the
evaluation of LV function. Furthermore, a recent
study has reported GLS as an important
reproducible method for the measurement of LV
function in comparison to LVEF (17).

2. Objectives

Regarding the small number of studies on the
simultaneous evaluation of cardiac dysfunction and
inflammatory myopathies, screening with novel
imaging techniques, such as GLS and STE may facilitate
the early diagnosis of subclinical LV dysfunction in
inflammatory myopathies. Due to the significance of
GLS and STE values in the assessment of LV
dysfunction and considering the risk of cardiovascular
diseases in inflammatory myopathies and the clinically
asymptomatic cardiac dysfunctions in these patients,
the present study was conducted to assess LV function
using 2D STE and GLS evaluation as a non-invasive
method to evaluate myocardial dysfunction and
subclinical involvement in these patients.

3. Methods

The present case-control study was conducted over
a period of six months. The study was conducted on 30
DM/PM patients over the age of 18 whose disease
lasted over three years and had no history of known
cardiovascular diseases, as well as 40 healthy people
as the group of controls, who were matched with
patients in terms of age and gender. All DM/PM
patients who had been referred to rheumatology
polyclinics of Ahvaz Jundishapur University of Medical

Sciences, Ahvaz, Iran, were contacted over a period of
six months and were included in the study after the
submission of written informed consent. Patients with
a history of cardiac diseases, such as severe valvular
problems, myocardial infarction, cardiomyopathy, and
cardiac surgery were excluded from the study. Other
exclusion criteria included the presence of abnormal
signs in the patient's ECG and chest X-ray, the
existence of heart murmurs or abnormal sounds in the
heart examination, and the absence of a proper 2D
view for the GLS evaluation. The study protocol was
approved by the Ethics Committee of Ahvaz
Jundishapur University of Medical Sciences, Ahvaz,
Iran (IR.AJUMS.REC.1396.1004).

3.1.Group allocation

All the participants underwent full rheumatology
and cardiovascular examination and their disease
were diagnosed by a rheumatologist. Data related to
the patients’ risk factors, including age, gender,
blood pressure, blood lipids, diabetes, smoking,
family history, used medications, disease symptoms,
systemic problems, and duration of the disease were
collected from their records using a checklist. The
control group was selected from among healthy
people with no history of an underlying disease and
cardiac or rheumatological problems. The age range
in the control group was 20-60 years, and
participants were selected voluntarily from among
teaching hospitals’ personnel and the patients’
relatives.

Demographic information of the participants was
acquired and clinical examinations and ECG were
carried out on all participants in both control and
case groups. Subsequently, data in both groups were
compared. Figure 1 shows a diagram of the study
progress.
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Figure 1. Study process diagram
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Figure 2. Three standard views, two-, three- and apical four-chamber
views for evaluation of Longitudinal strain

Peak Systolic Strain

Figure 3. Bull’'s eye map of each segment with global longitudinal strain
of 2, 3, and 4 chamber views and average GLS

3.2.Echocardiography assessment

All the patients underwent 2D echocardiography
and tissue Doppler imaging (TDI) using the speckle
tracking method to assess the LV function. LVEF was
measured at least three times using the biplane
Simpson method and the mean value was determined
for each patient.

Transthoracic echocardiography evaluations were
performed by a fellowship of echocardiography with
at least 5 years of experience in echocardiography
who were kept blind to the patients’ clinical details.
In the GLS evaluation, 2-chamber, 3-chamber, and 4-
chamber views were taken from each patient using
speckle tracking (Figure 1). The images were taken
digitally in three successive beats and analyzed
offline using the automated function imaging (AFI)
mode of the GE software. The LV contour was traced
and the software automatically evaluated the
longitudinal strain of each myocardial segment.
Peak systolic longitudinal strain values of LAX (long
axis), A2C (Apical 2 chamber), A4C (Apical 4
chamber), and average GLS were recorded (Figure
2). LV diastolic function and their indices were
evaluated as well.
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3.3.Statistical analysis

The statistical analyses were carried out in SPSS
software (Version 22). Data were analyzed using
descriptive statistics, including frequency distribution
tables, diagrams, and measures of central tendency
(mean) and dispersion (range and standard deviation).
The normal distribution of the data was assessed using
the Kolmogorov-Smirnov test and the homogeneity of
variances using Levene’s test. The significance of
differences was assessed using the independent two-
sample t-test or its non-parametric equivalent (Mann-
Whitney’s test), as well as the Chi-square test. The
relationship between the quantitative variables was
assessed using Pearson’s correlation coefficient. The
level of statistical significance was set at 0.05.

4. Results

Table 1 presents the demographic details of the
participants in both case and control groups. The
mean+SD age of participants in the control and case
groups was 38.79%+11.74 and 41.15+67.86 years,
respectively, which showed no significant difference
(P=0.409). No significant differences were observed
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between the two groups in terms of the frequency of
gender, body mass index (BMI), and body surface
area (BSA) either (P>0.05).

Table 2 presents the clinical details and medical
history of the patients. The disease was controlled in
all the cases (n=30) and no acute illness was
observed. The mean duration of the disease was
6.53%+7.54 years (ranging from 3 to 33 years). No
significant differences were found between the
DM/PM patients and the healthy participants in the
control group in terms of end-systolic volume, heart
rate, and pulmonary artery pressure values
(P>0.05). Meanwhile, end-diastolic volume, EF,
stroke volume, and cardiac output values were

significantly lower in the DM/PM patients,
compared to the controls (P<0.01). Although the
patients had normal LVEF, absolute values of GLS
(LAX), GLS (A4C), GLS (A2C), and average GLS (2D)
were significantly lower in the patients, compared
to the controls (P<0.01) (Table 3). Furthermore,
normal diastolic dysfunction and grade-one diastolic
dysfunction was observed in 23 (76.7%) and seven
cases (23.3%), respectively. Diastolic dysfunction
was significantly correlated with the increased age
of the patient and the duration of the disease
(P<0.0001 and P<0.01, respectively).

No significant relationships were observed
between GLS (2D) and such factors as age, gender,

Table 1. Baseline characteristics of case and control groups

Specifications Case (n=30) Control (n=40) P-value
Age (year) 41.67+15.86 (17-69) 38.79+11.74 (17-61) 0.409
Female 26 (86.7 %) 37 (92.5 %) 0.452
Male 4 (13.3 %) 3(7.5%) 0.452
28.56+5.64 26.05+6.73
BMI (Kg/m?) (20.17-43.56) (17.58-42.42) UL
1.79+0.19 1.71+0.16
BSA (m?) (1.23-2.24) (1.41-2.06) 0.059
Note: BMI: Body Mass Index; BSA: Body Surface Area
- Data are presented as No. (%) or Mean+SD (Min-Max)
Table 2. Clinical features of poliomyositis and dermatomyositis patients
Variable Frequency Percentage
DM 5 16.7
Underlying Disease HTN 4 13.3
DLP 2 6.7
Smoking 2 6.7
3/5 3 10
Muscle Force 4/5 11 36.7
5/5 16 53.3
Systemic Symptoms 18 60
Dermatological manifestations 9 30
q . Gastrointestinal Symptoms 7 23.3
I EED IS Pulmonary Involvement 9 30
Ophthalmic muscle involvement 1 33
Musculoskeletal involvement 18 60
MTX 11 36.7
Immunosuppressive (azathioprine / mycophenolate) 11/6 36.7/20
Drugs used IVIG 10 333
Rituximab 2 6.7
Prednisolone 25 83.3
Discontinued medication 1 3.3
DM: Diabetes mellitus; HTN: Hypertension; DLP: Dyslipidemia; MTX: Methotrexate; IVIG: Intravenous immunoglobulin
Table 3. Comparison of LV function and GLS in control and patient groups
Variable Case (n=30) Control (n=40) P-value*
EDV 78.73+17.39 (42-124) 89.98+18.99 (55-136) 0.013
ESV 32.50+10.37 (16-67) 33.80+9.14 (16-59) 0.580
SV(ml) 46.37+8.90 (29-62) 56.35+13.29 (31-85) 0.001
CO(L/min) 3.59+0.86 (2.2-5.9) 4.25+1.27 (1.5-6.9) 0.017
HR(beat/min) 81.03+13.93 (58-122) 76.05+15.07 (33-107) 0.162
GLS (LAX) -19.52+2.76 (-26.50- -15.40) -22.43+2.89 (-28.9- -16.1) <0.0001
GLS (A4C) -19.59+3.26 (-28.2- -11.2) -21.42+3.75 (-28.7- -12.4) 0.039
GLS (A2C) -19.77+3.30 (-25.1- -11.1) -22.14+2.92 (-28.9--17.2) 0.002
GLS (mean) -19.61+2.67 (-24.10- -14.50) -21.91+2.45 (-27.6- -15.5) <0.0001
EF (%) 59.47+6.46 (45-72) 63.00+5.02 (54-74) 0.012
PAP (mmHg) 25.07+3.68 (20-33) 23.65+3.27 (20-30) 0.094

EDV: End-diastolic volume; ESV: End-systolic volume; SV: Stroke volume; CO: Cardiac output; HR: Heart Rate; GLS: Global longitudinal strain;
LAX: Apical long axis; A4C: Apical 4 chamber; A2C: Apical 2 chamber; LVED: Left ventricular end systolic diameter; LVED: Left ventricular

end-diastolic diameter; EF: Ejection fraction; PAP: Pulmonary arterial pressure.

-All the variables are presented as Mean*standard deviation (Min-Max). P-values less than (P< 0.05) are considered statistically significant.
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comorbidity, smoking, duration of disease, BMI,
BSA, wuse of various medications, various
systemic problems, and diastolic dysfunction and
muscular force (P>0.05).

5. Discussion

Cardiac problems occur in DM/PM patients and
constitute one of the main causes of death in these
patients (2,18). Therefore, early diagnosis and
treatment are essential to the patients’ recovery and
survival (2). The STE as a non-invasive technique was
adopted in this study to evaluate GLS (which is a new
variable for the evaluation of myocardial deformities)
for the diagnosis of subclinical LV systolic
dysfunction in DM/PM patients.

The results indicated that although LVEF was
within the normal range, GLS (2D) values were
significantly lower in the DM/PM patients, compared
to the control group. Therefore, the present findings
confirm the role of 2D STE in the early diagnosis of
LV dysfunction in DM/PM patients.

Few studies have been conducted on LV
dysfunction in DM/PM patients using STE and GLS
evaluation. In a recent study performed by Zhong et
al, cardiac function in idiopathic DM/PM patients
was investigated using three-dimensional STE (3D
STE). Their results showed significantly lower LV and
RV GLS values in the DM/PM patients, compared to
the control group (19), which is in line with the
results of the present study. Another study on LV
systolic dysfunction in young patients with DM also
showed significantly lower GLS values in these
patients, compared to the healthy controls. The
results obtained by Guerra et al. showed similar
systolic and diastolic dysfunctions in both the
patients and controls, although GLS was significantly
lower in the IIM patients, compared to the controls
(20), which is consistent with the results obtained in
the present study.

In both the present and the aforementioned
studies, LV systolic dysfunction was observed using
GLS even in the patients with normal LVEF, which is
indicative of the fact that GLS is a valuable marker for
the assessment of subclinical cardiac problems.
Currently, some researchers consider LVEF
dysfunction to be the last marker of cardiac damage.

Therefore, variables of conventional
echocardiography by the 2D method are probably not
enough for the identification of subclinical cardiac
problems. An early presentation of cardiac
involvement, especially in the preclinical stage, is
possible through the evaluation of LV diastolic
dysfunction using TDI (21). Peter et al. reported LV
dysfunction following the diagnosis of DM/PM in 30
people with no known cardiac symptoms using TDI
analysis instead of LVEF assessment (22). GLS may be
more reliable than biplane LVEF since it is angle-
independent and automatically calculated by the

Iran Red CrescentMed].2021;23(8):e771.

software (17, 23).

Many other studies, including studies conducted
by Fine et al. (24), Bakoum et al. (25), and Poorzand
et al. (26) have shown that the GLS evaluation of the
LV using STE can reveal LV systolic and diastolic
dysfunctions in patients with the rheumatological
disorder, such as lupus and rheumatoid arthritis with
no history of heart disease.

According to the present findings and the results
of similar studies, GLS evaluation can detect DM/PM
dysfunction with no cardiac symptoms or risk factors.
Therefore, STE is a valuable technique for the
diagnosis of subclinical LV dysfunction and is
superior to conventional 2D echocardiography.

In this study, no significant relationship was
observed between the measured LV systolic
dysfunction and such factors as the patients’
demographic and clinical details, duration of the
disease, medications used, and different systemic
disorders. However, LV diastolic dysfunction was
significantly correlated with both increased patient
age and increased duration of the disease. The
correlation of diastolic dysfunction impairment with
age has been reported in different studies (27-29). The
findings of the present study were consistent with the
previous study which reported a significant
association between the degree of LV diastolic
dysfunction and duration of DM due to the subclinical
involvement of myocardium with the development of
the inflammatory process (30). In addition, it is
reported that the increased duration of the disease is
often correlated with increased cell damage,
pathological calcification, and increased inflammatory
cytokines, such as tumor necrosis factor-a which affect
diastolic function in DM (31-33).

Cardiac damage in DM/PM patients is a long-term
process and the different incidence of cardiac
involvement in various studies can be due to different
definitions of cardiac abnormalities in these studies.
All cardiac structures, such as heart valves,
conduction system, myocardium, endocardium,
pericardium, and pulmonary and coronary arteries
can be affected by PM/DM (34) and cardiac
involvement may include myocarditis, coronary
artery disease, angina, arrhythmias (35, 36). Some
studies have been conducted to assess LV diastolic
function in DM and PM patients using
echocardiography techniques, such as TDI and
conventional echocardiography. These studies
reported a high prevalence of LV diastolic
dysfunction in DM/PM patients, compared to controls
(22, 30).

Regarding the limitations of the present study,
one can refer to the small sample size.

6. Conclusion

Although the examined patients in this study had
normal LVEF wvalues, LV systolic dysfunction
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diagnosed by GLS was significantly higher in these
DM/PM patients with no known heart disorders,
compared to the controls. Therefore, new STE
techniques can be used for the diagnosis of
subclinical disorders in LV systolic function. The early
diagnosis of systolic dysfunction using GLS can help
prevent clinically symptomatic heart failure which in
turn leads to the early management and treatment of
these patients. Further prospective studies on the
long-term prognosis of these patients seem to be
necessary. However, subclinical systolic dysfunctions
have been reported in some studies. Moreover,
regular 2D echocardiography evaluation is important
for the detection of cardiac problems in these
patients and should not be a procedure limited to
patients in advanced stages or with longer durations
of the disease.
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