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Echocardiographic Abnormalities in New-onset
Polymyositis/dermatomyositis
Andrea Péter, Ágnes Balogh, Szabolcs Szilágyi, Réka Faludi, Melinda Nagy-Vincze, 
István Édes, and Katalin Dankó

ABSTRACT. Objective. To identify early echocardiographic abnormalities at the time of diagnosis of
polymyositis (PM) and dermatomyositis (DM) and follow the echocardiographic findings during the
first 3 months of therapy.
Methods.We included 30 PM/DM patients (23/7) with a mean age of 42.3 ± 1.6 years and without
cardiovascular symptoms. Age-matched healthy patients served as controls. Clinical characteristics
were recorded. Traditional echocardiography and tissue Doppler imaging (TDI) were performed to
measure systolic [ejection fraction, right ventricular fractional area change (RV FAC), lateral and
tricuspid annulus s velocities] and diastolic echocardiographic variables (mitral inflow velocities: E,
A; deceleration time: DT; lateral and tricuspid annulus e′, a′ velocities, lateral E/e′).
Results. The left and right ventricular systolic dysfunction detected by TDI at the time of the
PM/DM diagnosis improved, and characteristic values at the end of the followup period were
comparable to those of the controls (lateral s: 10.6 ± 0.2, 8.7 ± 0.4, 9.6 ± 0.3, 11.3 ± 0.2 cm/s; RV
FAC: 45.2 ± 2.3, 36.9 ± 1.5, 42.2 ± 1.3, 46.9 ± 1.2%; tricuspid s: 13.3 ± 0.2, 9.5 ± 0.4, 10.3 ± 0.3,
11.6 ± 0.5 cm/s; control, 0, 1, and 3 mos, respectively). Measurements indicated the development of
diastolic dysfunction at 3 mos (E/A: 1.4 ± 0.1, 1.29 ± 0.05, 1.03 ± 0.05, 0.92 ± 0.05; DT: 148.6 ±
3.6, 157.3 ± 5.7, 168.3 ± 6.0, 184.3 ± 6.2 ms; lateral e′: 12.8 ± 0.3, 12.1 ± 0.5, 10.2 ± 0.6, 10.8 ± 0.8
cm/s; E/e′: 5.6 ± 0.1, 5.0 ± 0.22, 6.92 ± 0.46, 7.64 ± 0.47; control, 0, 1, and 3 mos, respectively).
Conclusion. TDI is a useful method to detect early cardiac abnormalities complementing the
conventional echocardiographic measurements. LV and RV systolic dysfunction found in the acute
phase significantly improved during the first 3 months of therapy; however, deterioration of
diastolic dysfunction was also observed. (First Release Dec 1 2014; J Rheumatol 2015;42:272–81;
doi:10.3899/jrheum.140626)
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Idiopathic inflammatory myopathies are rare immune-medi-
ated chronic inflammatory diseases characterized by
symmetric and progressive weakness of the proximal
muscles. Among them, polymyositis (PM) and dermato-
myositis (DM) are characterized by chronic inflammation,
fibrosis, and damage and destruction of the muscle fibers1.
The pathomechanism in PM involves perivascular infil-
tration caused by CD8+ cytotoxic T cells and macrophages,
while inflammation and skin rash in DM is mediated

predominantly by B cell–dependent humoral mechanisms
and Th cell–mediated cytokines. 

Cardiac involvement in DM was first published in 1899
by Oppenheim2. Numerous studies have since confirmed
that cardiac involvement is common and is one of the main
prognostic factors in PM/DM3,4,5,6 because extramuscular
and cardiac manifestations are associated with worse
prognosis. Pathologic findings of the myocardium including
active myocarditis, mononuclear infiltration, focal fibrosis,
vasculitis, intima proliferation, and media sclerosis of the
vessels indicate that the heart is a target organ of PM/DM7.
A metaanalysis (1975–2011; 26 publications, 1530 patients)
concluded that the incidence of cardiac involvement in
myositis varies between 9% and 72%4. The most common
clinical syndrome was heart failure in 32%–77% of the
patients. Left ventricular (LV) diastolic dysfunction was
found in 42% of the patients, while conduction disorders
occurred in 25%–38.5% and hyperkinetic LV contraction
was seen in 6%–12%. Finally, the cause of death was
identified as the direct consequence of heart disease in
46.3% of the patients4. Studies suggest that subclinical
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cardiac manifestations are more common8, but details are
yet to be clarified. The incidence depends on the applied
diagnostic method, patient selection, disease setting, study
type, and whether subclinical or clinical manifestations are
allowed. The diagnosis of autoimmune myocardial involve-
ment is difficult; routine echocardiography (ECG) and
laboratory tests complemented with echocardiography,
cardiac magnetic resonance imaging (MRI), and the rarely
used endomyocardial biopsy can further improve the
diagnostic probability.

Few prospective, detailed echocardiographic studies
involving large numbers of patients are available in the liter-
ature about cardiovascular involvement in this group of
patients. These results mainly included early LV diastolic
dysfunction9,10,11, which may serve as a precursor for
systolic and diastolic heart failure. Lu and coworkers found
in patients with PM/DM that female sex, late onset, and long
disease course were 3 independent risk factors in the devel-
opment of LV diastolic dysfunction9. Moreover, Wang, et al
demonstrated a significant relationship between the changes
in the diastolic variables and the disease duration in patients
with DM, similar to what has been shown in rheumatoid
arthritis (RA) and systemic sclerosis11.

In our study, conventional echocardiographic measure-
ments were completed with data obtained by the tissue
Doppler imaging (TDI) method. This approach is sensitive
enough for the recognition of both structural and functional
subclinical alterations of the myocardium. It ensures better
description of the LV and right ventricular (RV) systolic
function as well as the LV filling pressure and diastolic
function12,13. We characterized the systolic and diastolic
function of the LV and RV functional variables in patients
with PM/DM at the time of the diagnosis. Additionally,
these variables were followed during the first 3 months of
the therapy.

MATERIALS AND METHODS
Study population. A total of 30 hospitalized PM/DM patients with recent
onset [(23/7), female/male (27/3)] and without clinical cardiac symptoms
were enrolled from the Department of Internal Medicine (Debrecen,
Hungary) between January 2012 and January 2013, with a mean age of 42.3
± 1.6 years. All patients fulfilled the criteria of either definitive PM or DM
as proposed by Bohan and Peter14. Patients were excluded if they presented
with malignancy, systemic autoimmune diseases (RA, systemic lupus
erythematosus, mixed connective tissue disease), overlap syndromes,
previously diagnosed congenital heart disease, rheumatic fever, hyper-
tension (HTN), coronary artery disease, valvular heart disease, cardiomyo-
pathy, arrhythmias, diabetes mellitus, severe renal disease (serum
creatinine level ≥ 130 µmol/l), anemia (hemoglobin ≤ 13.5 g/dl in male, 
≤ 12.0 g/dl in female), atrial fibrillation, or mitral regurgitation exceeding
moderate severity.

The patients were thoroughly examined at the time of diagnosis (0
month), when anamnestic data were collected, physical examination
involving blood pressure measurement and ECG was performed, and blood
samples were collected for routine and special autoimmune laboratory
tests. Finally, echocardiographic scan was performed, obtaining a dataset
with conventional and TDI measurements. Thereafter, specific therapy

began and the same echocardiographic examinations were repeated 1
month and 3 months after the diagnosis. An age-matched healthy
population served as control (mean age 44.4 ± 0.9 yrs). The study protocol
was approved by the Ethics Committee of the University of Debrecen, and
written informed consent was obtained from each participant. The study
was conducted according to the Declaration of Helsinki.
Clinical characteristics. Detailed records of clinical information were
made at onset, including age, blood pressure, heart rate, muscle disease
activity, presence of lung involvement, and Raynaud sign. Muscle disease
activity was evaluated according to the Myositis Disease Activity
Assessment Tool (MDAAT, version 2, 2005)15 by physician assessment
using a visual analog score (VAS). High-resolution computed tomography
of the lungs was performed to investigate radiographic abnormalities
[pulmonary infections, fibrosis, tuberculosis, and interstitial lung disease
(ILD)]. Laboratory assessment performed on the first day of hospitalization
included, among other items, total cholesterol, triglyceride, blood glucose,
uric acid, total creatine kinase (CK), and an autoimmune panel
(anti-dsDNA, anti-SRP, anti-Scl-70, and myositis profile 3 Blot Strip:
Ro52, OJ, EJ, Pl-12, Pl-7, SRP, anti-Jo1, PM-Scl75, PM-Scl100, Ku, and
Mi-2B). After the diagnosis was established, specific therapy involved
high-dose (0.5-1-2-3 mg/kg/day) corticosteroid (prednisolone or methyl-
prednisolone) for 4 weeks, which was tapered gradually (in 10 weeks,
decreased by 4 mg/week). We used proton pump inhibitors, potassium, and
diuretic (furosemide) to prevent the side effects of corticosteroids (gastro-
intestinal ulcers, bleeding, hypokalemia, and fluid retention) as supple-
mentary therapy. Beta blockers were also needed in 30% of the cases.
Second-line treatment was introduced when a patient’s general condition
deteriorated despite having taken corticosteroids or when severe dysphagia
or lung fibrosis occurred1. Cyclosporine (5 mg/kg/day, reduced for 2.5–3.5
mg/kg/day after 1–2 mos) was added to the corticosteroid therapy in
patients with ILD and no improvement while taking steroids.
Conventional echocardiography. Transthoracic echocardiography was
performed using ultrasound equipment (Acuson Sequoia, Siemens AG)
with a 1–5 MHz transducer. All measurements were carried out by a single
observer blinded to patient/control status. All patients were examined in the
standard left parasternal and apical windows with normal breathing. Left
atrial (LA) diameter, LV end-diastolic and end-systolic diameters were
determined with 2D and M mode echocardiography based on the criteria of
the European Association of Echocardiography16. LV ejection fraction (EF)
was calculated according to the Simpson method17. Mitral inflow velocities
were evaluated by pulsed-wave Doppler imaging on the apical 4-chamber
view with the sample volume placed at the tip of the mitral leaflets. Peak
early (E) and peak late diastolic transmitral flow velocities (A) were
measured and E/A ratio was calculated to characterize LV diastolic
function. Dependence of the transmitral inflow on preload, heart rate, and
contractility is the main limitation for this method. Moreover, the early
transmitral flow deceleration time (DT), a further marker of LV diastolic
function, was also measured. RV function was described by the fractional area
change [RV FAC: (end-diastolic RV area — end-systolic RV area)/end-dias-
tolic RV area]. Mitral annulus plane systolic excursion (MAPSE) and
tricuspid annulus plane systolic excursion (TAPSE) were measured by M
mode to determine the longitudinal function of the left and right ventricle,
respectively. TAPSE was calculated by placing the M mode cursor through
the tricuspid annulus in a standard apical 4-chamber window and the longi-
tudinal excursion of the endocardial surface between end-diastole and
end-systole was measured. MAPSE was obtained by similar method in the
mitral annulus. Pulmonary artery systolic pressure (PASP) was calculated
with the measurement of the tricuspid regurgitation peak velocity in those
patients who had some degree of tricuspid regurgitation. In the absence of
obstruction to RV outflow tract, RV systolic pressure equals PASP. Mean
values of measurements from 3 consecutive beats were calculated for
further analysis. 
TDI measurements.All TDI measurements were performed in adherence to
the guidelines and standards of the European Society of Echocardiography.
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TDI uses Doppler principles to measure the velocity of myocardial
motions: peak myocardial systolic velocity (s), early myocardial diastolic
velocity (e′) and late myocardial diastolic velocity (a′). Pulsed wave tissue
Doppler was performed in both groups with a frame rate of about 60/s. TDI
data were obtained from the lateral site of the mitral and tricuspid annulus.
The s velocity at the lateral annulus is a good measure of the longitudinal
systolic funcion18. In the absence of regional wall-motion abnormalities,
TDI velocities obtained from the posterior and septal mitral annuli do not
provide further information about the ventricular function, therefore only
the velocities of the lateral sites were recorded. The e′ velocity of the mitral
and tricuspid annulus is an established indicator of LV and RV myocardial
relaxation, respectively. When myocardial relaxation is impaired because
of aging or a disease process, e′ is less or not at all affected by the preload.
The a′ velocity of the mitral annulus has been correlated with LA function,
which is increased in early diastolic dysfunction, and decreases when atrial
function deteriorates19. Moreover, E/e′ ratio, a preload-independent factor,
can be applied for the estimation of the LV filling pressure. E/e′ ≤ 8
indicates normal LV end-diastolic pressure20. 
Statistical analysis. Numerical data in this report are given as mean values
± SEM. D’Agostino-Pearson normality test was used to test whether the
data showed a Gaussian distribution. The Kruskal-Wallis test or ANOVA
followed by the Bonferroni posthoc test were used to compare the different
groups, with p values < 0.05 considered statistically significant. Statistical
analyses were performed with GraphPad Prism 5.02 software (GraphPad
Software Inc.).

RESULTS
Baseline characteristics. Table 1 demonstrates the general
characteristics of the patients. Of the 30 patients, 23 had PM
and 7 had DM. The study population was chosen randomly
and matched the general prevalence findings in our country.
The patients did not have HTN. Physiologic mean blood
pressure was recorded (systolic RR: 120 ± 2 mmHg,
diastolic RR: 76 ± 1 mmHg), and the mean heart rate was 85
± 1 beats/min. Neither specific findings during physical
examination nor ECG abnormalities were found. The
autoantibody profile is detailed also in Table 1.
Echocardiographic findings. At the time of diagnosis,
chamber diameters — similarly to those in the control group
— were in the normal range and remained unchanged
during the followup period (Table 2). Echocardiographic
measurements were done to evaluate the systolic and
diastolic function of the LV and RV.
LV systolic function. Global systolic function of the LV was
characterized by the traditionally used variable, the EF
measured by the Simpson method, which was in the normal
range, suggesting normokinetic LV throughout the 3 months
(Figure 1, Table 2). The longitudinal LV systolic function
(MAPSE) assessed by M mode increased significantly for
the third month compared to the baseline value (Figure 1,
Table 2). Additionally, LV systolic function measured by the
more sensitive and detailed TDI method showed major
changes: the mean mitral lateral systolic velocity (lateral s)
was significantly lower than that of the controls; it increased
to the control level in the following 3 months (Figures 1 and
4, Table 2). These traditionally measured data suggest a
physiological global systolic LV function; nevertheless, an
initial deteriorated LV systolic function was observed by the

TDI method. The function improved parallel with the
administration of the immunosuppressive therapy.
LV diastolic function. LV diastolic function was evaluated
by the characterization of the transmitral inflow Doppler
pattern (E/A ratio, DT) and the TDI measurement of the
lateral segment of the LV myocardium (lateral e′ and a′
velocities). E/A ratio calculated from the Doppler trace of
the transmitral inflow fit the normal range at the time of the
diagnosis with significant decrease thereafter (Figures 2 and

Table 1. Clinical characteristics and autoantibody profile of the patients
with polymyositis/dermatomyositis.

Patient Characteristics Frequency/mean

Diagnosis
Polymyositis 77%
Dermatomyositis 23%

Sex
Male 10%
Female 90%

Mean age at onset, yrs, ± SD 42.3 ± 1.6
Raynaud sign 33.3%
Proximal muscle weakness 87%
Neck muscle weakness 3.3%
Distal muscle weakness 3.3%
Myalgia/arthralgia 10%
Weight loss 3.3%
Dysphagia 16.7%
Erythema 16.7%
Lung disease 36.7%
SBP, mmHg 120 ± 2
DBP, mmHg 76.1 ± 1
HR, beat/min 85 ± 1
Serum cholesterol, mmol/l 4.65 ± 0.13
Serum triglyceride, mmol/l 1.41 ± 0.11
Blood glucose,  mmol/l 5.08 ± 0.18
Uric acid, µmol/l 289.4 ± 12.51
CK activity, U/l 1065.23 ± 222.38
Muscle histology

Negative 13.3%
Mononuclear infiltration 80%
Chronic inflammation 6.7%

Specific therapy
Steroid 100%
Cyclosporine 13.3%

Anti-dsDNA 0%
Anti-EJ (glycyl-tRNA synthetase) 0%
Anti-Jo1 (histidyl-tRNA synthetase) 20%
Anti-Ku (Ku antigen) 0%
Anti-Mi-2B (nuclear helicase) 0%
Anti-OJ (isoleucyl-tRNA synthetase) 0%
Anti-PL-12 (alanyl-tRNA synthetase) 0%
Anti-PL-7 (threonyl-tRNA synthetase) 0%
Anti-PM/Scl-100 (PM/Scl-100 antigen) 3.3%
Anti-PM/Scl-75 (PM/Scl-75 antigen) 10%
Anti-Ro-52 (Ro-52 antigen) 20%
Anti-Scl-70 (type I topoisomerase) 43.3%
Anti-SRP (signal recognition particle) 0%

Autoantibodies’ targets are listed in parentheses. SBP: systolic blood
pressure; DBP: diastolic blood pressure; HR: heart rate; CK: creatine kinase.
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Table 2. Echocardiographic variables measured in the control group and in patients with polymyositis/dermatomyositis.

Echocardiographic Control PM/DM p (3 mos vs p (3 mos vs 
Variables 0 Month 1 Month 3 Months control) 0 month)

LA, mm 32.2  ±  0.7 32.5  ±  0.7 32.5  ±  0.7 32.6  ±  0.7 NS NS
RA, mm 29.8  ±  0.5 30.6  ±  0.7 29.9  ±  0.7 29.8  ±  0.8 NS NS
LVEDD, mm 49.9 ± 1.1 47.0 ± 1.0 47.1 ± 0.9 46.3 ± 0.9 NS NS
LVESD, mm 30.8 ± 1.0 28.3 ± 0.8 29.0 ± 0.7 28.7 ± 0.8 NS NS
EF, % 62.4 ± 0.6 60.8 ± 0.8 60.0 ± 0.5 60.1 ± 0.5 NS NS
E/A 1.4 ± 0.1 1.3 ± 0.1 1.0 ± 0.1 0.9 ± 0.1 < 0.0001 < 0.0001
DT, msec 148.6 ± 3.6 157.3 ± 5.7 168.3 ± 6.0 184.3 ± 6.2 < 0.0001 < 0.001
RV-1, mm 25.5 ± 0.4 26.8 ± 0.7 25.8 ± 0.8 24.9 ± 0.8 NS NS
RV-2, mm 25.9 ± 0.7 25.2 ± 0.7 24.4 ± 0.6 23.6 ± 0.7 NS NS
RV-3, mm 56.7 ± 1.0 57.5 ± 1.7 55.2 ± 1.3 54.4 ± 1.4 NS NS
RVSA, cm2 9.60 ± 0.40 11.00 ± 0.74 9.75 ± 0.36 9.33 ± 0.47 NS NS
RVDA, cm2 17.29 ± 1.25 16.51 ± 0.58 16.53 ± 0.49 16.96 ± 0.51 NS NS
FAC, % 45.20 ± 2.25 36.87 ± 1.45 42.17 ± 1.34 46.87 ± 1.22 NS < 0.0001
lateral e′, cm/s 12.76 ± 0.26 12.10 ± 0.54 10.20 ± 0.62 10.77 ± 0.76 NS NS
lateral s, cm/s 10.62 ± 0.22 8.73 ± 0.36 9.63 ± 0.34 11.25 ± 0.18 NS < 0.0001
lateral a′, cm/s 10.88 ± 0.28 10.98 ± 0.77 11.77 ± 0.88 15.33 ± 0.88 < 0.001 < 0.0001
E/e′ 5.58 ± 0.14 5.00 ± 0.22 6.92 ± 0.46 7.64 ± 0.47 < 0.001 < 0.0001
tricuspid e′, cm/s 13.31 ± 0.51 10.45 ± 0.60 12.87 ± 0.75 11.88 ± 0.57 NS NS
tricuspid s, cm/s 13.32 ± 0.21 9.47 ± 0.41 10.33 ± 0.33 11.60 ± 0.45 < 0.05 < 0.0001
tricuspid a′, cm/s 11.64 ± 0.44 14.43 ± 0.85 12.52 ± 0.82 12.82 ± 0.63 NS NS
MAPSE, mm 18.3 ± 0.7 17.7 ± 0.7 19.1 ± 0.7 20.5 ± 0.7 NS < 0.05
TAPSE, mm 21.7 ± 0.3 22.1 ± 0.7 23.7 ± 0.6 25.2 ± 0.5 < 0.0001 < 0.0001

PM: polymyositis; DM: dermatomyositis; LA: left atrial diameter; RA: right atrial diameter; LVEDD: left ventricular end-diastolic diameter; LVESD: left
ventricular end-systolic diameter; EF: ejection fraction; E: peak early diastolic velocity; A: peak late diastolic velocity; DT: deceleration time; RV: right
ventricular diameter measured at 3 different levels; RVSA: right ventricular systolic area; RVDA: right ventricular diastolic area; FAC: fractional area change;
lateral e′: early myocardial diastolic velocity; lateral s: peak systolic mitral annulus velocity; lateral a′: late myocardial diastolic velocity; tricuspid e′: early
tricuspid annular diastolic velocity; tricuspid s: peak systolic tricuspid annulus velocity; tricuspid a′: late tricuspid annular diastolic velocity; MAPSE: mitral
annulus plane systolic excursion; TAPSE: tricuspid annulus plane systolic excursion.

Figure 1. Followup of the echocardio-
graphic variables characterizing left
ventricular systolic function. Ejection
fraction (EF) measured by the
Simpson method suggested normo-
kinetic left ventricular systolic
function during the whole followup
period (a). In contrast, lateral systolic
velocity (lateral s) measured by tissue
Doppler imaging was lower compared
to controls at the time of diagnosis
and it normalized by the end of the
third month (b). In parallel, the mitral
annulus plane systolic excursion
(MAPSE) increased within the normal
range significantly in the third month
(c). * p < 0.05 vs control; # p < 0.05
vs 0 month, § p < 0.05 vs 1 month.
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4, Table 2). In line with this variable, DT increased signifi-
cantly (Figure 2, Table 2) during the followup period. In
parallel, the early diastolic lateral myocardial relaxation
velocity (lateral e′) decreased significantly for the first
month of the followup period, and showed a decreasing
tendency compared to the control in the third month
(Figures 2 and 4, Table 2). The late diastolic lateral
myocardial relaxation velocity (lateral a′) was significantly
higher in the third month compared both to the healthy
controls and to the baseline value of the patients with
PM/DM (Figure 4, Table 2). E/e′ ratio — calculated from
the mitral inflow E velocity and the TDI lateral e′ velocity
— is commonly used to estimate the LV filling pressure. At
the time of the diagnosis the finding in the patients with
PM/DM was similar to that in the controls. This value
increased significantly during the followup period; however,
it did not reach the cutoff value of 8, which would suggest
an elevated LV filling pressure (Figure 2, Table 2). These
data show that diastolic dysfunction occurred during the
followup period; however, no significant correlation could
be established between the diastolic variables and disease
activity assessed by MDAAT VAS score (E/A: r2 = 0.7181,
p = 0.3563; E/e′: r2 = 0.6961, p = 0.3717).

Pulmonary artery systolic pressure and RV function.
Pulmonary HTN could not be found in our study population:
the average PASP was 34.17 ± 1.91 mmHg and it did not
change significantly during the 3 months (34.71 ± 1.61;
34.12 ± 1.81, 1 and 3 mos, respectively), indicating normal
PASP, thereby pulmonary HTN is unlikely during the
3-month followup period in our study population. RV
systolic function characterized by the FAC significantly
improved during the 3 months compared to the baseline
value below the physiological range (Figure 3, Table 2). In
line, the longitudinal RV systolic function (TAPSE)
increased significantly for the third month compared to the
initial value (Figures 3 and 4, Table 2). Moreover, the
tricuspid annular systolic velocity (tricuspid s) was signifi-
cantly reduced in the patients with PM/DM compared to the
control group at any time, but it increased significantly
during the followup period, approaching the control normo-
kinetic RV systolic function (Figure 3, Table 2). The
tricuspid early diastolic velocity (tricuspid e′) — character-
izing RV diastolic function — showed opposite changes
compared to the lateral e′ in the left heart, from a subnormal
level in patients with PM/DM at the time of the diagnosis, it
increased significantly for the first month of followup. Also,
tricuspid a′ velocity showed a tendency to increase in the

Figure 2. Left ventricular diastolic dysfunction developed 3 months after the diagnosis. E/A ratio (E: peak early
diastolic velocity, A: peak late diastolic velocity) calculated from the transmitral flow was in the normal range (E/A
> 1) at time of diagnosis, but it decreased significantly, revealing diastolic dysfunction in the followup period (a).
Deceleration time (DT) increased significantly (b), while the early diastolic myocardial relaxation velocity (lateral
e′) showed a decreasing tendency (d). The increasing E/e′ ratio during the followup period also supported the devel-
opment of the diastolic dysfunction (c). * p < 0.05 vs control, # p < 0.05 vs 0 month.
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patient group, but the differences did not reach the level of
significance. Besides the LV, both the systolic and diastolic
function of the RV seem to be affected in patients with
PM/DM.

DISCUSSION
This is the first study, to our knowledge, to reveal LV and
RV systolic dysfunction with the TDI method in
middle-aged patients with PM/DM without cardiovascular
symptoms early after diagnosis. These abnormalities
improved significantly during the followup period, while
having been treated with immunosuppressive therapy. In
addition, specific echocardiographic data indicated diastolic
dysfunction in accordance with the findings of others9,10,11.
These results highlight the importance of TDI measure-
ments in the identification of early signs of cardiac
involvement in PM/DM, a critical prognostic factor in these
diseases. 

Conventional echocardiographic measurements showed
physiological RV, LV, and atrial diameters and normokinetic
LV systolic function initially. Lateral systolic velocity
measured by the more sensitive TDI method, however,
suggested subclinical LV systolic dysfunction. This variable
returned to the normal level after a 3-month specific therapy.

Similarly to the LV variables, RV systolic dysfunction was
reflected by the decreased tricuspid systolic velocity and
FAC detected at baseline. While the tricuspid systolic
velocity only approached the control level after 3 months,
the FAC normalized by the end of the followup period. In
the initial phase of the disease, at the time of the diagnosis
the TDI results revealing LV and RV systolic dysfunction
may be the early signs of the cardiac involvement, e.g.,
acute myocarditis or myocardial edema. During the
followup period characterized by high-dose steroid adminis-
tration, normalization of the lateral and tricuspid systolic
velocities measured by TDI may indicate attenuating myo-
cardial edema as a response for the specific therapy.
Previous autopsy data reporting myocarditis in 25%–30% of
patients with autoimmune myositis also support this
proposal7,21. 

Interestingly, although physiological LV diastolic
function was found at the time of the diagnosis, diastolic
dysfunction developed during the followup period, as
reflected by the reduced e′ velocity, the decreased E/A ratio,
and the significant increase in the DT and the E/e′ ratio. The
increasing E/e′ ratio did not exceed the upper limit of the
physiological range, revealing normal LV filling pressure at
this timepoint22. The above changes in the echocardio-

Figure 3. Changes in the right ventricular systolic function followed by echocardiography. Fractional area change
(FAC) revealed a right ventricular systolic dysfunction at time of diagnosis that reached the normal level at the end
of the followup period (a). The tricuspid annulus plane systolic excursion (TAPSE) increased significantly (b);
moreover the tricuspid systolic velocity (tricuspid s) increased significantly from the lower initial level (c). * p <
0.05 vs control, # p < 0.05 vs 0 month.
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Figure 4. Representative echocardiographic images from patients with polymyositis/dermatomyositis, at the time of the diagnosis
and after 3 months. Transmitral inflow (a) showed a normal pattern (E > A) at the time of diagnosis (E: peak early diastolic
velocity, A: peak late diastolic velocity) but it was reversed after 3 months (E < A), suggesting diastolic dysfunction. The peak
systolic velocity of the lateral annulus (lateral s) measured by tissue Doppler technique (TDI; b) revealed an initial left ventricular
systolic dysfunction that normalized by the end of the followup period. The early myocardial diastolic velocity (lateral e′)
decreased, while the late myocardial diastolic velocity (lateral a′) increased over 3 months. The tricuspid annulus plane systolic
excursion (TAPSE) was in the normal range at the time of the diagnosis and further increased during the followup (c).
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graphic diastolic variables at the end of the 3-month
followup period met the requirements of the grade 1
diastolic dysfunction, i.e., impaired relaxation pattern with
normal filling pressure (A ≥ E, E/e′ ≤ 8, normal LA
diameters)22. The diastolic dysfunction that developed
during steroid therapy may be the first sign of the fibrotic
transformation of the myocardium. The increase in the
tricuspid e′ and the decreasing tendency in the tricuspid s
velocity indicated markedly different changes for the RV
compared to those of the corresponding variables in the LV.
This suggests a different behavior for the RV; however, we
did not investigate other RV diastolic variables (e.g.,
tricuspid E/A, DT). More detailed studies involving large
numbers of patients are needed for more precise assessment
of the RV diastolic function.

The early echocardiographic diastolic abnormalities
(changes in E/A, E/e′) did not correlate with the muscle
strength score, similar to previous investigators who found
no correlation between echocardiographic variables and the
clinical characteristics, laboratory results, or ILD23. How-
ever, Sharratt and colleagues presented a linear relationship
between muscle weakness and cardiac manifestations,
disease activity, and systolic time intervals on ECG in 5
patients24. A possible explanation for the conflicting data
may be the difference in the patient populations and/or in the
study methods. Additional prospective studies would be
necessary to explore the possible relationships between the
skeletal muscle and cardiac abnormalities. The exact
molecular and cellular mechanisms of the LV diastolic
dysfunction have not yet been clarified, but these diastolic
abnormalities during the followup period suggest intrinsic
myocardial manifestation9. Gupta, et al suggested the role
of myocardial fibrosis and recurrent myocarditis25. Further,
vascular factors such as vasculitis, intima hyperplasia, or
sclerosis of the tunica media of the coronary arteries may
play a role in PM7. Additionally, the specific autoantibodies
(anti-Jo, anti-Ro-52, and anti-Ro-60) promote the produc-
tion of interferon-α, causing direct myofiber destruction26.
Other inflammatory factors may also contribute to the
development of the diastolic dysfunction. For example,
interleukin 6 (IL-6), IL-1β, and tumor necrosis factor
(TNF)-α may cause myocyte damage through the MHC-1,
by local nitric oxide release and myocardial fibrosis5. 

LV diastolic dysfunction observed in the third month
after the diagnosis is in agreement with previous results of
other investigators9,10,11. Lu, et al9 and Wang, et al10
reported more severe diastolic dysfunction after 4.78 and
11.12 months of average disease duration in similar age
groups. In a later study, Wang, et al found LV diastolic
dysfunction frequently in DM patients without evident CV
disease and reported an association between transmitral
flow alteration and disease duration11. The longer disease
duration seems to correlate with the persistent cardio-
myocyte damage, pathologic calcification, and high concen-

tration of the cytokines (e.g., vascular cell adhesion
molecule, TNF-α), which may all contribute to the progress
of the diastolic dysfunction27.

There is increasing evidence that noninvasive cardiac
imaging, including TDI and cardiac MRI, contributes to the
diagnosis of myocarditis in subclinical cases and aids in the
initiation of the specific treatment. Myocardial inflam-
mation during the early stages may remain undetected by
traditional echocardiography or nuclear techniques, because
they cannot detect small tissue structure changes involving
myocardial edema, cell infiltration, and fibrosis, which
usually take place without simultaneous changes in LVEF.
Cardiac MRI can detect tissue changes early in myocardial
inflammation. The best imaging method is late gadolinium
enhancement; it is the gold standard for the in vivo
assessment of myocardial scar. It has shown excellent
agreement with histology28 and is ideal for detecting small
areas of necrosis missed by single photon emission-
computed tomography or positron emission tomography29.
This technique has been used to detect myocardial damage
— it shows the extent and location of inflammation and
fibrosis of the myocardium more clearly than do myocardial
scintigraphy or echocardiography30. Cardiac MRI can
predict or rule out myocardial inflammation (edema,
increased membrane permeability, or capillary blood flow
and fibrosis) with a diagnostic accuracy of 78%31, and
fibrosis can be distinguished from ischemic necrosis32.
Among echocardiography’s disadvantages are operator
dependency, poor acoustic window, unsuitability in cases of
obesity or lung disease, and inferior reproducibility;
however, compared to cardiac MRI, echocardiography is an
easy, cheap, noninvasive bedside technique for ventricular
function evaluation33. The appearance of novel echocardio-
graphic modalities such as TDI, strain, myocardial perfusion
imaging, and 3-D echocardiography have dramatically
expanded the scope of echocardiography, providing
accurate bedside assessment of regional contractility,
myocardial blood flow, microvascular integrity, and longitu-
dinal myocardial function34,35.

Characterization of the inflammatory process in the
myocardium associated with systemic autoimmune diseases
— PM/DM in our case — is of indisputable clinical impor-
tance. Only a small percentage of patients with DM/PM
have clinically important cardiac disease, but heart
involvement is one of the leading causes of death, and early
detection remains a challenge. The initial cardiac alterations
are the consequences of acute myocarditis and myocardial
edema in the acute phase of the disease depicted by
subclinical LV and RV dysfunction on the ECG and subepi-
cardial late contrast enhancement on cardiac MRI. These
alterations appear to be reversible in patients with specific
therapy (high-dose steroid and immunosuppression),
according to both our observations with echocardiography
and the cardiac MRI results of Allanore, et al, who detected
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markedly reduced myocardial MRI contrast enhancement as
a consequence of specific therapy36. If, however, early echo-
cardiographic changes show progression, then recurrent
inflammation, myocardial fibrosis8,25, and consequential
diastolic dysfunction occur9,10,11. Less frequently, devel-
opment of severe left or right heart systolic dysfunction
indicates irreversible changes, with occurrence of severe
cardiovascular pathologies (acute fulminant myocarditis,
cardiomyopathy, ruptured mitral chordae tendineae, or acute
right heart failure) and affecting cardiac morbidity and
mortality of patients with PM/DM. Cardiac outcome in this
group of patients has several determinants including age at
onset of disease, sex, disease activity, time of diagnosis and
initiation of specific therapy, subtype of disease, auto-
immune antibody profile, associated cardiovascular and
pulmonary diseases, and toxic side effects of therapy. 

Our results are the initial important steps in the recog-
nition of myocardial involvement in PM/DM. Nevertheless,
our results should be interpreted in the context of certain
limitations. Our study population is quite small and a larger
patient number would be needed to refine our results.
Identification of autoimmune myocardial involvement is
difficult because of nonspecific ECG signs23,37, subclinical
echocardiographic abnormalities38, and nonspecific labora-
tory results (elevated cTnT, CK)39. As mentioned, cardiac
MRI could help diagnosis with recognition of acute
myocarditis40. Endomyocardial biopsy is the gold standard
in the diagnosis but being an invasive procedure, it is not
routinely used. A minor limitation of our study and the TDI
measurement is that tissue Doppler data are strongly
affected by the angle of the ultrasound beam. To avoid
errors, all variables were measured in 3 independent heart
cycles and mean data were calculated.

The TDI method seems to be adequate for detection of
early functional myocardial changes indicating cardiac
involvement in the systemic disease. The rheumatologist,
immunologist, and cardiologist should consider this, given
that echocardiography with TDI is a noninvasive, safe,
usually available, and relatively inexpensive technique.
Echocardiographic TDI is a useful tool for the diagnosis of
early cardiac abnormalities, for the prediction of the
subclinical LV and RV dysfunction in the acute phase, as
well as for the evaluation of LV diastolic dysfunction during
disease progression.
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