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Background: Both viral infection and autoimmune diseases like dermatomyositis (DM) and polymyositis 
(PM) can cause myocarditis and inflammatory cardiomyopathy. It is of great importance to identify 
underlying etiologies and initiate appropriate treatment. This study aimed to describe the pattern of regional 
longitudinal strain (LS) and myocardial work in PM/DM patients with cardiac involvement and investigate 
the usefulness of the pattern to differentiate PM/DM from acute viral myocarditis (AVM) in the clinical 
setting.
Methods: A total of 46 PM/DM patients with cardiac involvement, 24 patients with AVM, and 30 healthy 
control participants (HCs) were included. Regional myocardial work and strain analyses were performed 
using two-dimensional (2D) echocardiography to calculate relative basal LS and myocardial work parameters 
and investigate their value for differential diagnosis.
Results: PM and DM are characterized by a pattern of basal myocardial weakness with LS (basal, mid, and 
apical segments: −15.0±4.4, −17.1±4.7, and −21.4±6.5, respectively), myocardial work index (basal, mid, and 
apical segments: 1,193±432, 1,272±394, and 1,431±451, respectively), and constructive work (basal, mid, 
and apical segments: 1,512±422, 1,628±413, and 1,912±433, respectively) that show a base-to-apex gradient 
in which the myocardium at the base is more severely injured that that of the apex. On cardiovascular 
magnetic resonance, the positive rate of late gadolinium enhancement was also significantly higher in the 
basal segments (64%) than the mid (44%) and apical (28%) segments (P=0.038). A relative basal LS of 0.43, 
defined using the equation [average basal LS/(average mid LS + average apical LS)], had an area under curve 
(AUC) of 0.88 with high sensitivity (88%) and specificity (78%) to differentiate PM/DM from AVM. Using 
multivariate logistic regression analysis, relative basal injury of myocardium and creatine kinase elevation 
were strongly correlated with proximal skeletal muscle weakness according to manual muscle testing (P=0.036 
and P=0.010, respectively).
Conclusions: Similar to the typical proximal muscle weakness of limbs, PM/DM patients also presented 
with regionally decreased LS and myocardial work of the basal myocardium. A “basal weakness” pattern is 
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Introduction

Inflammatory cardiomyopathy refers to a broad group of 
acute or chronic inflammatory responses of the heart to 
environmental or endogenous triggers (1). The triggers 
can be classified as infectious or noninfectious and are most 
commonly caused by viral pathogenesis, namely acute viral 
myocarditis (AVM). Meanwhile, inflammatory activation 
occurs in other forms of myocardial injury, including 
autoimmune disorders (2). Connective tissue diseases break 
immune self-tolerance and induce cardiac autoimmunity, 
which results in progression from asymptomatic cardiac 
involvement to dilated cardiomyopathy and decompensatory 
heart failure (3). Regardless of the pathogenesis, cardiac 
symptoms in late-stage inflammatory cardiomyopathy are 
similar; they include arrhythmia, heart failure, and chest 
pain and are associated with myocardial injury, troponin, 
and creatine kinase elevation (4).

Dermatomyositis (DM) and polymyositis (PM) are 
inflammatory myopathies that are characterized by 
proximal muscle weakness, myalgia, dysphagia, and 
dyspnea due to peripheral or axial muscle involvement. 
Patients with DM also typically present with cutaneous 
manifestations, such as Gottron papules, heliotrope rash, 
and erythema of the anterior upper chest or the posterior 
neck (5,6). Although skeletal muscle is the main target of 
PM/DM, myocardium is also striated muscle like skeletal 
muscle, cardiac involvement can also occur. However, the 
prevalence of cardiac involvement is underestimated, and 
the diagnosis is often delayed (7). In addition, PM/DM can 
cause inflammatory cardiomyopathy, and the resultant heart 
failure, arrhythmia, and myocardial infarction are 3 main 
causes of cardiac mortality (8,9).

Echocardiography is a widely used, easily accessible, 
and cost-effective examination method to detect cardiac 
functional and structural abnormalities. Technical 
development of strain analysis and the more contemporary 
quantification of myocardial work has helped to improve 
the sensitivity of traditional echocardiographic parameters 

(10,11). However, reports of the characterization of PM/DM 
cardiac involvement using these new techniques are scarce. 
In systemic lupus erythematosus, global longitudinal strain 
(LS) could be a more sensitive marker of lupus myocarditis 
than left ventricular ejection fraction (LVEF) (12).  
However, the specificity of the global value of these 
techniques may be decreased because the indexes may be 
diminished in diverse myopathic processes.

Our study aimed to describe the pattern of regional 
LS and myocardial work in PM/DM patients with cardiac 
involvement, and (2) investigate the usefulness of the 
pattern to differentiate PM/DM from AVM in the clinical 
setting. We present the following article in accordance 
with the Standards for Reporting Diagnostic accuracy 
studies (STARD) reporting checklist (available at https://
qims.amegroups.com/article/view/10.21037/qims-21-
1098/rc).

Methods

Study population

This study retrospectively enrolled consecutive patients 
with newly diagnosed PM/DM or AVM in the Peking 
Union Medical College Hospital between January 2015 
and April 2021, when echocardiographic videos were 
available for off-line analysis. The diagnosis of idiopathic 
inflammatory myopathy (IIM) was confirmed according to 
the 2017 European League Against Rheumatism (EULAR)/
American College of Rheumatology (ACR) classification 
criteria. Subgroup identification was in accordance with 
the classification tree (13). Cardiac involvement was 
suspected if the PM/DM patients had one of the following 
manifestations: (I) elevated cardiac troponin I (cTnI)  
>0.056 pg/mL; (II) electrocardiogram (ECG) abnormalities, 
such as frequent atrial or ventricular premature beats, 
ventricular tachycardia, and conduction defects; and/or 
(III) pericardial effusion in echocardiography. We excluded 
patients for the following reasons: (I) inclusion body 

easily recognizable and can be used to accurately differentiate PM/DM with cardiac involvement from AVM.
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myositis, necrotizing autoimmune myositis, overlapping 
syndromes, drug-related myositis, and cancer-related 
myositis; (II) previous diagnosis of congenital heart disease, 
coronary heart disease, and valvular heart disease; (III) flu-
like symptoms in the past 6 months; (IV) >2 weeks between 
laboratory tests and echocardiography examination; and (V) 
poor echocardiography image quality.

The instance of AVM was suspected based on medical 
history of the recent onset of chest pain, with or without 
flu-like symptoms, and gastroenteritis. Elevated cTnI, 
C-reactive protein (CRP), and erythrocyte sedimentation 
rate (ESR) supported the diagnosis. The AVM was further 
confirmed if cardiac magnetic resonance (CMR) imaging 
revealed myocardial edema. Endomyocardial biopsy 
(EMB) was not routinely performed for the diagnosis of 
AVM in our center (14). Since EMB was not routinely 
conducted, other etiologies were cautiously excluded. If 
the patients had no dynamic changes on cTnI or ECG 
indicating acute coronary syndrome (ACS), but ACS was 
still suspected, coronary angiography was performed for 
exclusion. If the disease progression was fast and dramatic, 
EMB was conducted to exclude giant cell myocarditis. 
Patients were also checked to ensure that they did not 
have hypereosinophilia, they had no evidence of other 
autoinflammatory diseases besides PM/DM, they had 
not been vaccinated in the last 4 weeks, or that their 
echocardiography show the typical manifestation of 
Takotsubo disease or apical wall motion abnormality. 
Patients with >2 weeks between laboratory tests and 
echocardiography examination and poor echocardiography 
image quality were also excluded.

All healthy participants (HCs) had a normal ECG, 
no history of cardiovascular disease, no cardioactive 
medication, and a blood pressure (BP) of ≤140/90 at the 
time of inclusion and at the time of the echocardiography 
examination. All HCs had a body mass index (BMI) ≤30. 
This study was reviewed and approved by the Institutional 
Review Board of the Peking Union Medical College 
Hospital. Written informed consent for publication was 
provided by each patient before participation. The study 
conformed to the provisions of the Declaration of Helsinki 
(as revised in 2013).

Clinical data

Demographic data, detailed symptoms, results of laboratory 
tests, and treatment strategies were collected based on a 
standard case report form. Manual muscle testing (MMT) 

proposed by the Medical Research Council (MRC) using 
the numeral grades 0–5 was adopted to determine proximal 
muscle weakness. If the proximal muscle strength was 
lower than the distal muscle strength, the patient was 
considered to have proximal muscle weakness. Laboratory 
tests included serum biomarkers of inflammation (including 
ESR and CRP), antinuclear antibody, and myositis 
autoantibodies. Creatine kinase (CK), CK-MB, cTnI, 
lactate dehydrogenase (LDH), alanine aminotransferase 
(ALT), and aspartate aminotransferase (AST) were selected 
as biochemical indices of muscle injury. A standard 12-
lead ECG was performed for all participants on admission, 
and data from the Holter monitoring were also collected, 
if available. Interstitial lung disease was considered if 
the chest computed tomography (CT) scan indicated 
the presence of bibasilar interstitial fibrosis or alveolar 
infiltrates. Respiratory muscle involvement was considered 
if participants had ventilatory failure with decreased vital 
capacity.

Echocardiography

Echocardiographic examination was completed within  
2 days after AVM or PM/DM when cardiac involvement 
was suspected. The authors were blind to the clinical data 
when analyzing the echocardiographic results. Standard 
echocardiography was performed using commercially 
available ultrasound machines GE Vivid 7 and 9 (GE 
Medical Systems, Waukesha, WI, USA) according to 
the American Society of Echocardiography/European 
Association of Cardiovascular imaging guidelines (15,16). 
The echocardiographic indexes, including morphologic 
parameters of inter-ventricular septal thickness (IVST) and 
left ventricular end-diastolic diameter (LVEDD), systolic 
and diastolic parameters of LVEF, peak early (E) and late 
(A) diastolic mitral inflow velocity and its ratio (E/A), and 
average of the medial and lateral mitral annular diastolic 
velocities (e’), were measured and recorded.

Images were digitally stored and analyzed offline for 
strain and myocardial work analysis using automated 
software (EchoPAC Version 203; GE Medical Systems, 
USA). The LS was measured using apical 2-, 3-, and 
4-chamber views; each view was divided into 6 segments. 
The left ventricle (LV) endomyocardium was manually 
identified and tissue speckles were automatically tracked 
throughout the cardiac cycle. Global LS was determined by 
averaging the strain values of all segments in the 3 standard 
apical views. Non-invasive myocardial work calculation 
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was first described by Russell et al. (10). By integrating LS 
and sphygmomanometrically-measured blood pressure on 
arteria brachialis, an LV pressure-strain loop was generated 
and adjusted according to the opening and closure of 
mitral and aortic valves. Myocardial work index (MWI) was 
defined as the total work within the area of the pressure-
strain loop. Constructive work (CW) was defined as 
myocardial work performed during segmental shortening in 
the LV systolic phase and segmental lengthening in the LV 
diastolic phase, and for wasted work (WW), the definition 
was reversed. Work efficiency (WE) was calculated as 
CW/(CW + WW)×100%. Compared with strain analysis, 
quantification of myocardial work avoided the influence of 
LV afterload.

During strain and myocardial work analysis, the values 
for the 6 basal, 6 mid, and 6 apical segments were averaged 
to obtain the value at 3 ventricular levels. The segmental 
differences were further examined by calculating relative 
basal values. For example, relative basal LS was defined 
as: average basal LS/(average mid LS + average apical LS). 
Image quality was ensured to permit complete software 
analysis of all cardiac segments.

Cardiovascular magnetic resonance

For patients examined with cardiovascular magnetic 
resonance (CMR), CMR images were acquired using a 3.0 T  
scanner (MAGNETOM Skyra, Siemens Healthineers, 
Erlangen, Germany). We obtained cine images via an 
ECG-gated two-dimensional (2D) balanced steady-state 
free precession sequence. Late gadolinium enhancement 
(LGE) images were collected 10 minutes after the injection 
of 0.1 mmol/kg gadopentetate dimeglumine using a 2D 
phase-sensitive inversion-recovery gradient-echo pulse 
sequence. Native and postcontrast T1 mapping was 
performed using a modified look-locker inversion recovery 
sequence in a 4-chamber long-axis slice and apical, middle, 
and basal short-axis slices (17). The CMR images were 
independently analyzed by 2 experienced investigators 
blind to echocardiographic and clinical outcome data. 
Visual assessment of LGE was performed according 
to standardized postprocessing recommendations for 
qualitative analysis (18). Extracellular volume (ECV) was 
analyzed semiautomatically via cvi42 software (version 5.3, 
Circle Cardiovascular Imaging, Calgary, Canada). The 
ECV was calculated using the T1 of myocardium and T1 of 
blood pool pre- and post-gadolinium contrast, along with 
the hematocrit value (19).

Statistical methods

Continuous variables were presented as mean ± standard 
deviation (SD) or median [interquartile range (IQR)] based 
on normal or nonnormal distribution, while categorical 
variables were expressed in frequency and percentages. 
Categorical variables were compared using an uncorrected 
chi-square test or Fisher’s exact test. Comparisons between 
2 groups of continuous variables were carried out using 
independent samples t-test or the Mann-Whitney rank 
sum test. Comparisons across 3 groups were performed 
using one-way analysis of variance (ANOVA) or Kruskal-
Wallis test with the Bonferroni post hoc analysis. 
Receiver operating characteristic (ROC) curve analysis 
and the Youden index were used to define cut-off value 
in diagnosing PM/DM from AVM. The sensitivity and 
specificity of this cut-off value to differentiate PM and DM 
separately from AVM were also assessed using ROC curve 
analysis. Multivariate logistic regression was applied for 
the assessment of the association between proximal muscle 
weakness and variables with P<0.1 in the univariate logistic 
regression (relative basal LS, global LS, and respiratory 
muscle involvement). Interobserver variability for LS was 
assessed by repeated measurements from 20 randomly 
chosen participants by a second observer (GTC) blind to the 
results of the first observer (LXH). Intraobserver variability 
was assessed by the first observer by performing repeated 
measurements that were blind to the first measurements. 
Repeatability was analyzed with Bland-Altman plots. All 
statistical analyses were performed using SPSS 22.0 (IBM 
Corp., Armonk, NY, USA). A P value <0.05 was considered 
statistically significant.

Results

Patient characteristics

In this study, a total of 476 PM/DM patients were initially 
screened; 49 (27 PM patients and 19 DM patients) that 
fulfilled the inclusion criteria for cardiac involvement 
were included, while 3 (1 PM patient and 2 DM patients) 
were further excluded because of inadequate image 
quality (Figure 1). Among the 46 PM/DM patients finally 
included, 24 were “definite idiopathic inflammatory 
myopathy (IIM)” and 22 were “probable IIM” (13). A total 
of 26 patients with AVM and 30 HCs were included, while 
2 patients with AVM were excluded due to unsatisfying 
image quality for strain or myocardial work analysis.

Baseline characteristics of the study population are 
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PM/DM in the medical record system (n=476)

Newly diagnosed PM/DM patients (n=235)

Previously treated (n=241)

PM/DM with potential cardiac involvement 
(n=61)

Without cardiac involvement (n=174)

Patients included for analysis (n=49)

• Other types of IIMs (n=6)
• Previous CVD (n=4)
• Flu-like syndrome or long examination gap 

(n=2)

PM/DM patients finally included in study 
(n=46)

Inadequate image quality (n=3)

Figure 1 Flow diagram of PM/DM patients included in the study. DM, dermatomyositis; PM, polymyositis; IIMs, idiopathic inflammatory 
myopathies; CVD, cardiovascular disease.

shown in Table 1. The mean age of HCs (44±16 years) 
was between the mean age of PM/DM patients and AVM 
patients, and the gender distribution (9 males, 21 females) 
was comparable to that of patients. The PM/DM patients 
and AVM patients had similar cardiovascular risk profiles 
except for age and hypertension. The cTnI levels were not 
significantly different between AVM and PM/DM patients, 
while N-terminal pro-B-type natriuretic peptide (NT-
proBNP) was significantly higher in AVM patients. The 
increase of muscular enzyme levels in PM/DM patients 
tended to be greater than that in patients with AVM, 
but the differences were not statistically significant. The 
inflammatory biomarkers of both ESR and CRP were 
above the upper normal limits in the 2 groups, with CRP 
significantly higher in AVM patients.

Conventional echocardiographic parameters

Conventional echocardiographic parameters are presented 
in Table 2. The proportion of patients with pericardial 
effusion was higher in both AVM and PM/DM than HCs. 
As indicated by a higher LVEF, the systolic function was 
better preserved in HCs, but the LVEF was still within 
normal range in the PM/DM and AVM patients. Likewise, 
other routinely-used conventional indexes assessing cardiac 

function and structure were generally normal and none of 
them were significantly different between PM/DM and 
AVM patients.

Absolute LS

In contrast to conventional echocardiography, deformation 
imaging with strain analysis revealed significant differences 
between the PM/DM group and AVM group (Table 2). 
Patients with PM/DM had greater absolute value of global 
LS than AVM patients (−17.8 in PM/DM vs. −14.5 in AVM, 
P<0.001). Of note, as shown in Figure 2, the LS was equally 
damaged at all 3 ventricular levels in AVM patients, but 
PM/DM patients showed a base-to-apex gradient, with 
basal LS comparable to AVM patients (−15.0 in PM/DM vs. 
−14.2 in AVM, P=0.379) and mid and apical LS significantly 
better in PM/DM patients (mid: −17.1 in PM/DM vs. 
−14.1 in AVM, P=0.001; apex: −21.4 in PM/DM vs. −15.3 
in AVM, P<0.001). The pattern of more severely damaged 
basal LS was seen in 45 (97.8%) of the PM/DM patients.

Myocardial work

The 4 main myocardial work indexes of MWI, CW, WW, 
and WE in PM, DM, and AVM patients are shown in 
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Table 1 Baseline characteristics for patients with IIM and AVM

Variables IIM (n=46) AVM (n=24) P value

Demographics

Age (years), mean ± SD 48±16 28±12†‡ <0.001

Male 14 (30.4%) 12 (50%) 0.108

BMI (kg/m2), mean ± SD 20.8±6.0 23.7±3.6 0.046

Smoking 11 (23.9%) 6 (25%) 0.920

Hypertension 16 (34.7%) 0 (0%)† 0.001

Diabetes mellitus 5 (10.8%) 0 (0%) 0.235

Hyperlipidemia 10 (21.7%) 2 (8.3%) 0.281

Clinical characteristics

Interstitial lung disease 22 (47.8%) 0 (0%)†‡ <0.001

Dysphagia 9 (19.5%) 0 (0%)‡ 0.052

Respiratory muscular involvement 4 (8.6%) 0 (0%) 0.344

Raynaud phenomenon 4 (8.6%) 0 (0%) 0.344

Shortness of breath 27 (58.6%) 18 (75.0%)‡ 0.177

Palpitation 16 (34.7%) 6 (25.0%)† 0.403

Nonproductive cough 4 (8.6%) 2 (8.3%) 0.959

Chest pain 3 (6.5%) 12 (50%)†‡ <0.001

Arrhythmias 21 (45.6%) 6 (25.0%) 0.092

Muscle strength grading of MMT

Proximal upper extremities, mean ± SD 4.2±0.8 NA NA

Distal upper extremities, mean ± SD 4.9±0.3 NA NA

Proximal lower extremities, mean ± SD 4.0±0.8 NA NA

Distal lower extremities, mean ± SD 4.9±0.4 NA NA

Proximal muscle weakness, mean ± SD 31 (67.3%) NA NA

Laboratory tests

ALT (U/L), median [IQR] 65 [124] 161 [340] 0.041

AST (U/L), median [IQR] 68 [113] 65 [104] 0.877

LDH (U/L), median [IQR] 419 [388] 376 [408] 0.584

Creatinine (µmol/L), median [IQR] 50 [29] 99 [41]† 0.007

ESR (mm/h), median [IQR] 16 [27] 14 [25] 0.314

CRP (mg/L), median [IQR] 7 [17] 21 [31] 0.033

Creatine kinase (U/L), median [IQR] 1,293 [3,497] 314 [436] 0.863

Creatine kinase-MB (U/L), median [IQR] 39 [140] 22 [67] 0.369

cTnI (pg/mL), median [IQR] 1.8 [3.3] 4.1 [5.6] 0.611

NT-proBNP (pg/mL), median [IQR] 1,081 [2,067] 2,147 [3,762]† 0.014

Antinuclear antibody 31 (67.3%) NA NA

Table 1 (continued)
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Table 1 (continued)

Variables IIM (n=46) AVM (n=24) P value

Myositis specific antibodies

Anti-Jo-1/PL-7/EJ/OJ 13 (28.2%) NA NA

Anti-Mi-2/TIF1γ/MDA5/NXP2 10 (21.7%) NA NA

Anti-SRP 4 (8.7%) NA NA

Myositis associated antibodies

Anti-Ro52 21 (45.6%) NA NA

Anti-Ku 5 (10.9%) NA NA

Anti-PM-Scl 100/PM-Scl 75 0 (0%) NA NA

Treatment

Long-term glucocorticoids 46 (100%) NA NA

Glucocorticoids pulse-treatment 14 (30.4%) NA NA

Immunosuppressive agents 41 (89.1%) NA NA

Intravenous immune globulin 16 (34.8%) NA NA
†, P<0.05 versus PM; ‡, P<0.05 versus DM. IIM, idiopathic inflammatory myopathies; AVM, acute viral myocarditis; BMI, body mass 
index; MMT, Manual Muscle Testing; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; ESR, 
erythrocyte sedimentation rate; CRP, C-reactive protein; cTnI, cardiac troponin I; NT-proBNP, N-terminal pro-B-type natriuretic peptide; 
PM, polymyositis; DM, dermatomyositis.

Table 2 Echocardiographic characteristics for IIM patients, AVM patients, and healthy controls

Variables Control (n=30) IIM (n=46) AVM (n=24) P value (IIM vs. AVM)

IVST (mm) 9.3±2.0 8.5±1.7 8.5±1.7 0.953

LVEDD (mm) 45±4 48±10 51±5 0.205

LVEF (%) 68±7 58±14 54±11 0.154

E(m/s) 0.74±0.16 0.79±0.25 0.72±0.20 0.293

E/A 1.50±0.53 1.12±0.47 1.38±0.49 0.046

e' (m/s) 0.10±0.02 0.07±0.03 0.09±0.03 0.123

Pericardial effusion 0 (0) 13 (28.2) 6 (25.0) 0.771

Global LS −22.8±2.0 −17.8±4.9 −14.5±2.4 <0.001

Regional basal LS −20.1±1.7 −15.0±4.4 −14.2±2.3 0.379

Regional mid LS −21.9±2.0 −17.1±4.7 −14.1±2.5 0.001

Regional apical LS −26.2±3.7 −21.4±6.5 −15.3±3.2 <0.001

Values are mean ± SD or n (%). IIM, idiopathic inflammatory myopathies; AVM, acute viral myocarditis; IVST, inter-ventricular septal 
thickness; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; E, peak early; A, peak late; e', average of 
the medial and lateral mitral annular diastolic velocities; LS, longitudinal strain; PM, polymyositis; DM, dermatomyositis.

Figure 3. Both PM/DM and AVM patients had significantly 
reduced LV MWI, CW, and WE and increased WW 
compared with HCs (Table S1). However, when comparing 

PM/DM patients to AVM patients, these indexes were not 
statistically different, except for higher apical CW in DM 
patients. Similar to LS, for patients with PM/DM, the 

https://cdn.amegroups.cn/static/public/QIMS-21-1098-supplementary.pdf
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Figure 2 Regional LS and differences between groups. Line graphs of DM, PM and AVM represented differences in regional basal, mid, 
and apical LS of left ventricle (A1). Mid and apical LS were significantly better in PM/DM patients (A2). Examples of bull’s-eye plots of peak 
systolic LS obtained from patients with PM/DM (B1) and AVM (B2). LV, left ventricle; DM, dermatomyositis; PM, polymyositis; AVM, 
acute viral myocarditis; LS, longitudinal strain; IIM, idiopathic inflammatory myopathy; PM/DM, idiopathic inflammatory myopathies.
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regional differences from apex to base in MWI and CW 
were also observed. None of the myocardial work indexes 
in AVM patients showed the pattern of more severely 
injured basal myocardium. Figure 4 displays examples of 
17-segment bull’s-eye plots of myocardial work obtained 
from a PM/DM patient and an AVM patient.

Relative basal parameters

The relative basal LS was significantly lower in the PM/
DM group than AVM group (0.39 in PM/DM vs. 0.49 in 
AVM, P<0.001; Table 3). Relative myocardial work indexes 
were also significantly different in distinguishing the 2 
groups, which was manifested in the lower relative basal 

CW (P<0.001), relative basal WE (P=0.013), and relative 
basal MWI (P=0.045) of PM/DM patients.

The ROC curves demonstrated the ability of relative 
basal LS, myocardial work indexes, and traditional 
echocardiographic parameters to differentiate PM/DM 
from AVM (Figures 5,6). With a cut-off value of 0.43, 
relative basal LS performed as the best indicator with the 
highest area under curve (AUC) of 0.877 (sensitivity 0.875, 
specificity 0.783). Specifically, to differentiate PM from 
AVM, relative basal LS had an AUC of 0.914 (sensitivity 
0.833, specificity 0.852), and to differentiate DM from 
AVM, the relative basal LS had an AUC of 0.825 (sensitivity 
0.875, specificity 0.684).

The AUC of global LS and relative basal CW were 
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Figure 3 Myocardial work for PM, DM, and AVM patients. *P<0.05 between DM and AVM patients. MWI, myocardial work index; CW, 
constructive work; WW, wasted work; WE, work efficiency; PM, polymyositis; DM, dermatomyositis; AVM, acute viral myocarditis.

also over 0.8 (0.81 and 0.80, respectively), but were less 
useful than relative basal LS. Compared with traditional 
echocardiographic  parameters ,  re lat ive  basal  LS 
demonstrated larger AUC for detecting PM/DM, including 
LVEF (AUC 0.75), E/A (AUC 0.64), e' (AUC 0.63), and 
LVEDD (AUC 0.63).

CMR characteristics

In our study, 25 PM/DM patients had available CMR data. 
A total of 16 (64%) patients had LGE in the basal segments 
of the myocardium, and this was significantly higher than 
the mid segments (11/25, 44%) and apical segments (7/25, 
28%) (P=0.038). The results of T1 mapping and ECV did 
not have a base-to-apex gradient, with the highest values 
in the basal segments and the lowest values in the mid 
segments. The differences were not statistically significant 
for T1 mapping and ECV (Table 4).

Differences between subtypes of PM/DM

The pattern of worse myocardial basal segment was seen 
in both PM and DM patients, according to the similar 
relative basal LS (0.38 in PM vs. 0.41 in DM, P=0.123) 

(Table S2). Besides, there were no differences between the 
two subtypes of PM/DM in neither global LS (P=0.444) 
nor regional LS (including basal, mid, and apical segments; 
P=0.224, P=0.356, P=0.797, respectively). In terms of 
myocardial work, no differences were seen between them in 
any myocardial work indexes (MWI P=0.204; WE P=0.054; 
CW P=0.192; WW P=0.094).

Correlation between proximal muscle weakness and basal 
myocardial weakness in PM/DM

We analyzed the correlations between proximal skeletal 
muscle weakness according to MMT and relative basal 
myocardial weakness in patients with PM/DM. In this 
analysis, patients with relative basal LS lower than the cut-
off value of 0.43 were defined as having basal myocardial 
weakness. Among all clinical and echocardiographic 
variables, relative basal LS, CK ≥1,000 U/L, dysphagia, and 
respiratory muscle involvement had a P value less than 0.1 
in the univariate logistic regression. Among them, relative 
basal LS and CK elevation were independent predictors of 
proximal skeletal muscle weakness (P=0.036 and P=0.010, 
respectively) using multivariate logistic regression analysis 
(Figure 7; Table S3). Furthermore, using ANOVA and 
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Figure 4 Seventeen-segment bull’s-eye plots of myocardial work obtained from a PM/DM patient (A) and an AVM patient (B). PM, 
polymyositis; DM, dermatomyositis; AVM, acute viral myocarditis.
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t-test, patients with proximal skeletal muscle weakness had 
significantly lower relative basal LS, especially in the lower 
extremities (Table S4).

Inter- and intra-observer variability

The LS measurements were reproducible. Interobserver 
agreement was high, with only marginal bias (−0.01±0.21). 
Intraobserver variability was low, with minor bias (−0.6±5.6).

Discussion

This study used 2D speckle tracking and LV myocardial 
work parameters to show the relative muscle weakness in 
the basal segments of myocardium in PM/DM patients with 

cardiac involvement, similar to proximal muscle weakness 
in the limbs. Furthermore, in these patients, relatively 
decreased basal LS and MWI differentiated PM/DM 
with cardiac involvement from AVM patients with better 
sensitivity and specificity than traditional indexes. To our 
knowledge, this is the first study to assess regional cardiac 
function in PM/DM patients using recently developed 
echocardiographic techniques and compare AVM to PM/
DM myocarditis with imaging evaluation solely of the heart.

Clinically, PM/DM is characterized by progressive 
proximal weakness. Patients describe difficulty in reaching 
for objects above their head due to weakness of upper 
extremities or difficulty rising from a seated position due 
to weakness of lower extremities (20). Inflammatory cell 
infiltrates were thought to be the primary pathological 
process causing myositis-induced muscle weakness. In 
recent years, growing evidence has indicated that non-
inflammatory factors, such as reactive oxygen species, may 
also be involved (21). As for myocardium, patients in our 
cohort also presented a diverse extent of muscle weakness 
in different heart regions, and basal segments were more 
severely damaged than apex segments. Meanwhile, basal 
segment damage was correlated with proximal skeletal 
muscle weakness in these patients. This pattern was 
discovered by strain and myocardial work analysis, which 
are advanced echocardiographic techniques and can provide 
more insights into the heart function than traditional 
parameters. The accuracy and clinical application of 
strain measurement have been repeatedly verified. The 
measurement of LS has been recognized as a more sensitive 
index in the early detection of subclinical LV systolic 
dysfunction than LVEF and it has superior prognostic 
value (22). Russell et al. (10) first introduced non-invasive 
and load-independent quantification of myocardial work 
in 2012, and it has been gradually implemented in clinical 

Table 3 Relative basal parameters for patients with IIM and AVM

Variables IIM (n=46) AVM (n=24) P value

Relative basal LS 0.39±0.07 0.49±0.08†‡ <0.001

Relative basal MWI 0.44±0.08 0.49±0.10 0.045

Relative basal CW 0.43±0.07 0.54±0.11†‡ <0.001

Relative basal WW 0.98±1.04 0.73±0.46 0.291

Relative basal WE 0.48±0.03 0.50±0.05† 0.013

Values are mean ± SD. †, P<0.05 versus PM; ‡, P<0.05 versus DM. IIM, idiopathic inflammatory myopathies; AVM, acute viral myocarditis; 
LS, longitudinal strain; MWI, myocardial work index; CW, constructive work; WW, wasted work; WE, work efficiency; PM, polymyositis; 
DM, dermatomyositis.

Figure 5 Comparison of ROC curves of both non-deformation 
and deformation echocardiographic parameters to diagnose PM/
DM. LS, longitudinal strain; CW, constructive work; LVEF, 
left ventricular ejection fraction; ROC, receiver operating 
characteristic; PM, polymyositis; DM, dermatomyositis.
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Figure 6 ROC curves of relative basal LS for the detection of PM/DM, PM and DM. ROC curves using a cut-off value of 0.43 for the 
relative basal LS to differentiate (A) PM/DM, (B) PM, and (C) DM from AVM. IIM, idiopathic inflammatory myopathies; PM, polymyositis; 
DM, dermatomyositis; AUC, area under curve; ROC, receiver operating characteristic; LS, longitudinal strain.
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Table 4 CMR findings in 25 patients with IIM

Variables Basal segments Mid segments Apical segments P value

LGE 16 (64%) 11 (44%) 7 (28%) 0.038

ECV, % 33.5±4.3 32.3±4.2 33.0±4.2 0.634

T1 mapping, ms 1,373±71 1,359±62 1,367±64 0.740

Values are mean ± SD or n (%). CMR, cardiac magnetic resonance; IIM, idiopathic inflammatory myopathies; LGE, late gadolinium 
enhancement; ECV, extracellular volume.

Proximal muscles are weaker 
than distal muscles in lIM

P=0.036

OR 8.76 
(95% CI 1.15–66.85)

Myocardial basal LS is significantly 
worse than mid and apical LS in lIM

Myocardial LS is reduced in all regions in AVM

Figure 7 Association of proximal muscle weakness and basal myocardial weakness in PM/DM. OR, odds ratio; CI, confidence interval; LS, 
longitudinal strain; PM, polymyositis; DM, dermatomyositis; AVM, acute viral myocarditis.
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practice in recent years. To date, myocardial work has 
been assessed in patients with hypertension, hypertrophic 
cardiomyopathy, and chronic kidney disease (23-25), but 
data on connective tissue diseases are limited (26). In CMR, 
in accordance with strain and myocardial work in echo, the 
LGE positive rate had a base-to-apex gradient which was 
significantly higher in the basal segments than the mid and 
apical segments. Although T1 mapping and ECV were also 
highest in the basal myocardium, they did not reveal a base-
to-apex gradient in PM/DM patients with available CMR 
data in our study. In the future, CMR should be performed 
in a larger PM/DM patient population.

We first quantified myocardial work in PM/DM and 
identified relative proximal muscle weakness, but further 
basic research is required to investigate the underlying 
mechanism. From pattern recognition to mechanism 
discovery, the significance of regional analysis was well 
demonstrated in cardiac amyloidosis. In 2012, “apical 
sparing” in cardiac amyloidosis patients was first identified 
by Phelan et al. (27) when referring to the relatively 
spared strain value in the apex. Later, Bravo et al. (28) 
explained this pattern and suggested that the statistically 
significant base-to-apex gradient was attributed to the 
distribution of total amyloid volume. The segmental 
differences in terms of amyloid deposition were also 
supported by histology, CMR, bone scintigraphy, 
and  pos i t ron  emis s ion  tomography  (PET)  (29) .  
In PM/DM, the reason for proximal, rather than distal, 
muscle involvement of the extremities has not been fully 
investigated. For further investigation into the relative 
basal myocardial weakness, studies providing pathological 
and multi-modality cardiovascular imaging evidence are 
required, and the similarities and differences between 
skeletal muscle and heart muscle injuries in PM/DM could 
be more comprehensively compared.

More importantly, the relative basal myocardial 
weakness by strain analysis could differentiate PM/DM 
from AVM patients with good sensitivity and specificity, 
better than all other traditional echocardiographic indexes. 
Identifying different underlying etiologies of myocardial 
inflammation is of great importance, because they imply 
different treatment pathways. For AVM, current therapies 
largely focus on supportive care with attention to guideline-
directed treatment for heart failure and arrhythmia. 
Proposed options have included anti-viral therapies in the 
viral active replication phase and modulating the immune 
response with glucocorticoids or immunosuppressive 
agents in the activation of adaptive immunity phase. 

However, their efficacy did not reach a consensus among 
published trials. Confirming an infection negative status 
is critical before initiating a safe treatment with steroid 
and immunosuppressive agents in AVM (4). By contrast, 
for PM/DM, glucocorticoids or immunosuppressive 
agents are cornerstones during treatment without standard 
cardiovascular therapy if the patients were suspected having 
myocardial involvement. Although EMB could confirm 
the type of inflammation, it is preferably performed in the 
early course of disease in life-threatening presentations by 
an experienced team, considering its invasive nature and 
possible sampling error (30,31). Accordingly, the role of 
CMR in the diagnosis of inflammatory cardiomyopathy 
continues to increase thanks to its unique advantage in 
tissue characterization (32). Newly developed sequences 
and T2 mapping help identify edema, and native T1 and 
ECV help detect inflammatory injury. However, CMR 
cannot distinguish between specific causes of myocardial 
inflammation (33). Huber et al. (34) successfully detected 
cardiac inflammation in PM/DM, but failed to differentiate 
PM/DM from AVM using CMR myocardial mapping. 
Interestingly, they found CMR parameters in the thoracic 
skeletal muscles had satisfying ability for differential 
diagnosis. In our opinion, it was an innovative idea to adopt 
skeletal muscle data during CMR scanning, but it is not 
surprising because skeletal muscle was originally involved 
in PM/DM. The finding of basal myocardial weakness in 
the present study combines both the advantage of non-
invasiveness of CMR and the differentiation value for 
infectious or non-infectious etiology of EMB. The ratio of 
relative basal LS can be easily calculated and measured in 
both clinically stable patients at low risk and urgent patients 
at high risk because echocardiography can also be done at 
the patient’s bedside.

Our study has several limitations. First, it is a single-
center observational study with a relatively small number 
of patients. However, the incidence of PM/DM is low, with 
2–10 cases per million persons (35). The sample size in our 
research compared favorably with a previously published 
study (34). The differentiation between PM/DM with 
cardiac involvement and AVM had already been found to 
be highly significant in basal myocardial weakness. Second, 
because it is a retrospective study, only about half of the 
PM/DM patients underwent CMR. Despite this, if we 
refer to the “apical sparing” in cardiac amyloidosis, even 
though the segmental differences were not completely 
confirmed by CMR (36), the diagnostic value of this pattern 
by LS still stands (28). Third, to date, there is no widely 
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accepted definition for cardiac involvement in PM/DM. 
Therefore, the severity of cardiac dysfunction may differ 
between studies. We established our inclusion criteria to 
mirror those used in published literature (37) and modified 
it according to the clinical procedure of our center. Fourth, 
the AVM cohort was significantly younger than the IIM 
cohort and HCs due to the characteristics of the diseases 
themselves. However, the base-to-apex gradient is not 
dependent on age, as shown in a previous study (38). Fifth, 
although we found the basal segments were more severely 
injured in PM/DM, we do not know whether the base was 
affected first. Serial echocardiographic data could provide 
dynamic changes in different stages of disease development 
and progression. Finally, patients with immune-mediated 
necrotizing myopathy (IMNM) could not be distinguished 
from patients with PM in the subclassification tree 
established in the 2017 EUALR-ACR criteria (13). Some 
patients with IMNM might have been misdiagnosed 
as having PM in our study population. However, their 
diagnosis of IIM was accurate, and differentiation between 
different subtypes of IIMs was not the main purpose of this 
study.

Conclusions

To identify the underlying mechanism earlier than is 
currently possible and to initiate the appropriate treatment 
in suspected myositis patients is of great importance in 
clinical practice. In this study, we demonstrated a pattern 
of basal myocardial weakness in PM/DM patients with 
cardiac involvement, which can be clearly recognized via 
2D echocardiography. Furthermore, this method can help 
differentiate PM/DM from AVM in patients in both stable 
and life-threatening conditions because echocardiography 
is an easily accessible and time saving examination. 
More studies are required to confirm and investigate the 
mechanism of relative basal injury.
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Table S1 Myocardial work for all patients and the control group

Variables PM (n=27) DM (n=19) AVM (n=24) P value (PM, DM, and AVM) IIM (n=46) P value (AVM vs. IIM) Control (n=30)

Basal MWI 1,127±415 1,284±450 1,209±417 0.489 1,193±432 0.885 1,648±243

Mid MWI 1,221±399 1,342±386 1,180±419 0.429 1,272±394 0.389 1,613±230

Apical MWI 1,346±420 1,550±477 1,305±409 0.176 1,431±451 0.275 1,813±315

Basal CW 1,426±414 1,631±415 1,592±444 0.235 1,512±422 0.479 1,989±254

Mid CW 1,576±433 1,700±383 1,443±494 0.192 1,628±413 0.114 2,008±221

Apical CW 1,850±439 1,999±422+ 1,614±590 0.049 1912±433 0.024 2,173±321

Basal WW 280±194 184±136 203±100 0.089 240±177 0.366 139±69

Mid WW 209±246 122±101 133±73 0.173 173±201 0.380 81±62

Apical WW 275±280 146±177 250±286 0.254 221±248 0.680 69±41

Basal WE 83±9 88±9 87±5 0.052 85±9 0.262 93±3

Mid WE 88±9 92±6 90±5 0.144 90±9 0.827 96±3

Apical WE 87±25 92±9 86±13 0.154 89±10 0.315 96±2
+, P<0.05 versus AVM. Values are mean ± SD. PM, polymyositis; DM, dermatomyositis; AVM, acute viral myocarditis; IIM, idiopathic 
inflammatory myopathies; MWI, myocardial work index; CW, constructive work; WW, wasted work; WE, work efficiency.

Table S2 Differences between different subtypes of IIM in LS and myocardial work

Variables PM (n=27) DM (n=19) P value

Relative basal LS 0.38±0.06+ 0.41±0.08+ 0.123

Regional basal LS –14.3±4.0 –15.9±4.9 0.224

Regional mid LS –16.6±4.4 –17.9±5.1+ 0.356

Regional apical LS –21.2±6.3+ –21.7±7.0+ 0.797

Global LS –17.4±4.6 –18.5±5.4+ 0.444

Global MWI 1,231±396 1,392±414 0.204

Global CW 1,617±395 1,777±379 0.192

Global WW 255±232 151±129 0.094

Global WE 86±9 91±7 0.054
+, P<0.05 versus AVM. Values are mean ± SD. PM, polymyositis; DM, dermatomyositis; MWI, myocardial work index; CW, constructive 
work; WW, wasted work; WE, work efficiency.
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Table S3 Characteristics associated with proximal myocardial weakness in univariate and multivariable analysis in IIM patients

Characteristics
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Gender

Male 1

Female 0.45 (0.11–1.96) 0.291

Age 1.01 (0.97–1.05) 0.708

Respiratory muscle involvement

No 1

Yes 7.50 (0.71–79.44) 0.094 14.98 (0.86–259.76) 0.063

Interstitial lung disease

No 1

Yes 1.60 (0.46–5.59) 0.461

Dysphagia

No 1

Yes 6.67 (0.77–58.04) 0.086 6.92 (0.37–126.51) 0.192

Creatine kinase

<1,000 U/L 1

≥1,000 U/L 9.78 (2.22–43.12) 0.003 11.40 (1.91–71.91) 0.010

cTnI 0.98 (0.93–1.03) 0.411

NT-proBNP 1.00 (1.00–1.00) 0.468

LVEF 1.03 (0.98–1.07) 0.256

E/A 3.11 (0.59–16.52) 0.183

Global LS 0.91 (0.80–1.03) 0.139

Relative basal LS

≥0.43 1 1

<0.43 4.50 (1.03–19.63) 0.045 8.76 (1.15–66.85) 0.036

OR, odds ratio; CI, confidence interval; cTnI, cardiac troponin I; NT-proBNP, N-terminal pro-B-type natriuretic peptide; LVEF, left ventricular 
ejection fraction; E, peak early; A, peak late; LS, longitudinal strain.
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Table S4 The differences between relative basal LS in IIM patients in different limb parts grouped by MMT

Region MMT Relative basal LS P value

The four extremities D-P =0 (n=15) 0.43±0.07 0.011†

0< D-P <2 (n=11) 0.38±0.05

D-P ≥2 (n=20) 0.37±0.06

Upper extremities D = P (n=20) 0.41±0.08 0.116‡

D > P (n=26) 0.38±0.06

Lower extremities D = P (n=15) 0.43±0.07 0.003‡

D > P (n=31) 0.37±0.06

Values are mean ± SD. †, comparisons across three groups were performed using one-way ANOVA with the Bonferroni post hoc analysis; 
‡, comparisons between two groups were performed using independent samples t-test. MMT, Manual Muscle Testing; LS, longitudinal 
strain; D, distal muscle strength grading; P, proximal muscle strength grading; ANOVA, analysis of variance.


