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ABSTRACT

Introduction: Myocardial involvement in pericardial diseases and the effect of pericardial in-
flammation and effusion on the function of the left ventricle (LV) is still a controversial is-
sue. The present study aimed to evaluate LV regional wall abnormalities in patients with acute 
peri-myocarditis, using 3D echocardiographic assessment of LV contractility. Material and 
methods: The study included 56 subjects divided into two groups: Group 1 – 28 subjects with 
acute peri-myocarditis and Group 2 – 28 healthy controls. All subjects underwent a complete 
clinical examination, including laboratory tests. 3D echocardiography was performed to assess 
the left ventricular end-diastolic (EDV) and end-systolic volumes (ESV), and to calculate spe-
cific indexes for global and regional ventricular contractility, such as the index of contraction 
amplitude (ICA) and the regional index of contraction amplitude (RICA) for each segment cor-
responding to the region affected by peri- myocarditis. Results: 3D echocardiography showed 
no differences between the groups regarding the EDV (p = 0.2), the LV ejection fraction (Group 
1: 55.82% ± 3.36% vs. Group 2: 57.21% ± 4.69%, p = 0.2). The ESV however, was significantly 
higher in Group 1 compared to Group 2 (55.78 ± 5.45 ml vs. 52.20 ± 6.43 ml, p = 0.04). ICA was 
similar between the groups (p = 0.2). However, the RICA was significantly lower in Group 1 
compared to Group 2 (2.27 ± 0.63 vs. 5.16 ± 0.54, p <0.0001). Conclusions: The extension of 
the inflammatory process from the pericardium to the adjacent myocardial layer may affect 
the contractility of the LV. A good association exists between peri-myocarditis and the regional 
contractility abnormalities of the LV.
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INTRODUCTION

Pericardial diseases represent one of the most under-
diagnosed cardiovascular conditions in clinical practice 
due to the absence of well-established diagnostic crite-
ria.1,2 This condition has been reported in approximately 
1% of hospitalized patients and 5% of necropsies per-

formed in general hospitals. The most common causes 
of acute pericarditis are represented by a viral infection, 
frequently labeled as idiopathic due to the difficult iden-
tification of the involved virus, followed by bacterial or 
parasitic infections.3 Systemic inflammatory diseases, 
neoplasms, and traumas may represent the underlying 
cause of the acute inflammation of the peri- and myo-
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cardium.4 Although pericarditis is considered a benign 
condition, its acute complications, such as cardiac tam-
ponade or involvement of the myocardial layer, may lead 
to life-threatening conditions such as acute heart failure 
or death.5 However, although a vast number of studies 
have investigated the clinical aspects of pericardial dis-
eases, surprisingly few of them have analyzed the exten-
sion of the inflammatory process from the pericardium 
into the myocardium.6 

The first-line diagnostic means for the recognition of 
peri-myocardial diseases are echocardiography and car-
diac magnetic resonance (CMR), whereas computed to-
mography (CT) is considered a second-line option.7,8 The 
recent improvement in different diagnostic techniques, 
notably echocardiography, and longer survival times have 
led to an increase in the recognition of pericardial diseases 
in recent years.9

The current literature mentions the possible effects of 
pericardial effusion accumulation on the general function 
of the heart, however, it does not state its exact influence 
on the regional wall motion abnormalities of the left ven-
tricle (LV). 

Our hypothesis is that the extension of the inflamma-
tory process from the pericardium to the myocardial layer 
in acute peri-myocarditis may lead to the alteration of 
ventricular wall motion, involving the regions near to the 
affected pericardium.

The aim of our study was to evaluate regional ventricu-
lar wall motion abnormalities in patients with acute peri-
myocarditis using three-dimensional echocardiography. 

MATERIAL AND METHODS

Study deSign

This is a prospective observational study, conducted at the 
Cardiology Clinic of the County Emergency Clinical Hos-
pital of Tîrgu Mureș, Romania, in which fifty-six subjects 
were enrolled and divided into two groups: Group 1 – 28 
patients diagnosed with acute peri-myocarditis; Group 2 
– 28 healthy subjects, without any signs or symptoms of 
peri-myocarditis. The study protocol was approved by the 
Ethical Committee of the County Emergency Clinical Hos-
pital of Tîrgu Mureș, Romania, and all patients signed a 
written informed consent form before enrollment. 

incluSion criteria

The inclusion criteria were the presence of clinical symp-
toms of acute chest pain that worsens on breathing or 

when changing the position of the body, associated with 
at least one of the following:

• pericardial friction rub; 

• PR- or ST-segment modifications on the 12-lead 
electrocardiogram (ECG), suggestive for pericarditis; 

• evidence of pericardial effusion/thickening of the 
pericardium with at least 5 m on transthoracic ECG. 

excluSion criteria

The exclusion criteria were:

• patients presenting with atherosclerotic or throm-
botic coronary lesions;

• unstable angina;

• post-infarction angina; 

• recent myocardial infarction; 

• congestive heart failure; 

• cancers; 

• history of heart surgery; 

• NYHA functional class 4; 

• severe valve disease; 

• severe renal, hepatic, hematologic or pulmonary dis-
ease; 

• age below 18 years.

Methodology

Clinical data

The history and clinical data of all enrolled subjects were 
recorded, including age, gender, cardiovascular risk fac-
tors (diabetes mellitus, hypertension, dyslipidemia, 
smoking, family history of cardiovascular diseases), and 
personal history (stable/unstable angina, myocardial in-
farction, ischemic heart disease, stroke).

Paraclinical data

Standard 12-lead resting ECG was obtained from all pa-
tients, documenting the existence of any abnormality of 
the repolarization phase. 

Echocardiography was performed using an Agilent So-
nos 4500 ultrasound imaging system (Philips, Amster-
dam, the Netherlands), and the following parameters 
were recorded:

• pericardial thickening;

• amount and location of pericardial fluid; 
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• left ventricular volumes; 

• left ventricular ejection fraction;

• contraction abnormalities. 

Three-dimensional echocardiography was also per-
formed for the assessment of the following:

• total and regional left ventricular ejection fraction; 

• detection of regional wall motion abnormalities; 

• calculation of the end-diastolic and end-systolic 
volume; 

• evaluation of the regions with wall motion abnor-
malities (contraction asynchronies); 

• measurement of the delay in maximal global systolic 
contraction amplitude, assessment of the index of 
contraction amplitude (ICA); 

• regional index of contraction amplitude (RICA); 

• the volumetric curve for each ventricular region;

• polar mapping of the delay in maximal systolic con-
traction amplitude. 

For patients in Group 2, the contractility index was cal-
culated for each ventricular region corresponding to the 
region affected by peri-myocarditis compared to the re-
gions without peri-myocarditis. 

As the clinical, laboratory, and ECG findings in acute 
peri-myocarditis may be similar to ischemic coronary 
disease, invasive coronary angiography was performed 
in cases when an acute coronary syndrome could not be 
ruled out by noninvasive examination.

The study has been carried out in accordance with the 
code of ethics of the World Medical Association's Declara-
tion of Helsinki. All patients gave written informed con-
sent, and the study protocol was approved by the ethics 
committee of the institution where the study was con-
ducted.

StatiStical analySiS

JMP statistical software was used for statistical analysis. 
The Mann-Whitney test was used for continuous values 
expressed as means (SD). Fisher’s exact test or the Chi-
square test was used for the comparison of categorical 
variables expressed as percentages. The level of signifi-
cance was set at α = 0.05.

RESULTS

BaSeline and clinical characteriSticS 

There was no significant difference between the two 
study groups regarding age, with a mean of 55.28 ± 11.28 
years in Group 1 vs. 53.6 ± 10.51 years in Group 2 (p = 
0.5). There was a preponderance of female subjects in 
both study groups (p = 0.1). The presence of cardiovas-
cular risk factors and comorbidities was similar in the 
two study groups in respect of diabetes mellitus (p = 0.7), 
hypertension (p = 0.5), obesity (p = 0.7), and smoking (p 
= 0.2) (Table 1).

echocardiographic findingS

M-mode and two-dimensional echocardiography revealed 
thickening of the pericardium with a mean of 55.28 ± 11.28 
years in Group 1 vs. 53.6 ± 10.51 years in Group 2 (p = 0.5) 
in patients from Group 1. The localization of the pericar-
dial effusion was mainly in the lateral region of the left 
ventricle (n = 12, 42.8%), followed by the inferior region of 
the left ventricle (n = 10, 35.7%), and the apical region (n = 
6, 21.4%). M-mode and two-dimensional echocardiogra-
phy showed no pathological findings in Group 2. 

Three-dimensional echocardiographic analysis of 
the global and regional contractility showed no signifi-
cant difference between the two study groups in terms 
of end-diastolic volume (EDV), with a mean of 123.14 ± 

TABLE 1. Baseline characteristics of the study groups

Laboratory findings Group 1
n = 28

Group 2
n = 28

p value

Age 55.28 ± 11.28 53.60 ± 10.51 0.5

Female gender, n (%) 19 (67.85%) 18 (64.28%) 0.1

Diabetes mellitus, n (%) 9 (32.14%) 7 (25.00%) 0.7

Hypertension, n (%) 10 (35.71%) 7 (25.00%) 0.5

Obesity, n (%) 5 (17.85%) 7 (25.00%) 0.7

Smoking (past or present), n (%) 11 (39.28%) 8 (28.57%) 0.2
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11.87 ml in Group 1 vs. 126.25 ± 7.2 ml in Group 2 (p = 0.2) 
(Figure 1A).

The end-systolic volume (ESV) was significantly higher 
in patients from Group 1 with 55.78 ± 5.45 ml (95% CI: 
53.67–57.90) vs. 52.50 ± 6.43 ml (95% CI: 50.00–54.99) 
in Group 2 (p = 0.04) (Figure 1B). 

There was no significant difference in respect of the 
calculated global ejection fraction (EF) between the study 
groups, with 55.82 ± 3.36 % (95% CI: 54.52–57.13) in 
Group 1 vs. 57.21 ± 4.69% (95% CI: 55.39–59.03) in Group 
2 (p = 0.2) (Figure 2).

ICA was similar in the two study groups with a value 
of 3.22 ± 0.68 (95% CI: 2.92–3.53) for patients with acute 
peri-myocarditis vs. 3.93 ± 0.33 (95% CI: 3.76–4.11) in the 
control group (p = 0.2).

RICA was significantly lower in the proximity of the af-
fected peri-myocardium in patients with acute peri-myo-
carditis in Group 1, with a mean of 2.27 ± 0.63 (95% CI: 
2.02–2.51) vs. 5.16 ± 0.54 (95% CI: 4.95–5.37) in Group 2 
(p <0.0001) (Figure 3). 

DISCUSSION

Peri-myocarditis can occur at any age, with peak preva-
lence middle-aged subjects. The mean age of our study 
population with acute peri-myocarditis was 55.28 ± 11.28 
years. Some authors suggest that there may be a differ-
ence in respect of age in patients presenting with acute 
pericarditis versus those showing associated myocardial 
affection.10

The literature data is conflicting regarding the sex-re-
lated risk of developing peri-myocarditis.11,12 In an experi-
mental study, Frisancho-Kiss et al. (2009) reported on the 
role of testosterone in the development of myocarditis.13 
In the present study female gender was predominant in 
patients with acute peri-myocarditis (67.85%). These re-
sults may be explained by the fact that systemic inflam-
matory diseases are more common in females, and some 
authors suggest that progesterone may aggravate myo-
cardial inflammation, though estrogen inhibits the im-
mune response.14,15 

FIGURE 1. A- End-diastolic volume of the study groups. B - End-systolic volume of the study groups

FIGURE 2. Ejection fraction of the study groups FIGURE 3. Regional index of contraction amplitude (RICA)
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No significant differences were recorded between the 
two groups in terms of associated comorbidities such as 
diabetes mellitus (p = 0.7), hypertension (p = 0.5), obe-
sity (p = 0.7), and smoking (p = 0.2), suggesting that these 
well-known cardiovascular risk factors do not have an in-
fluence on the inflammatory process that is taking place 
during the acute phase of peri-myocardial disease.16

Echocardiography is the first-line diagnostic choice 
for the identification of acute pericarditis, being a non-
invasive, commonly available examination. It has a high 
accuracy in assessing the hemodynamic and physiologic 
influences on heart function.8 

Acute heart failure can be caused by the existence of 
large myocardial inflammation zones resulting in a re-
duction of left ventricular ejection fraction, characteriz-
ing a rare, but severe complication of peri-myocarditis.17 
A significant amount of rapidly accumulated pericardial 
effusion causing cardiac tamponade represents a life-
threatening condition in acute pericarditis, which requires 
immediate treatment.18 In the current study, the thick-
ening of the pericardium and the presence of pericardial 
effusion, identified by echocardiography, did not have a 
significant bearing on the performance of the left ventri-
cle expressed by the left ventricular ejection fraction, end-
diastolic volume, and end-systolic volume in patients 
with acute peri-myocarditis. The global ICA, determined 
by three-dimensional echocardiography, was lower for 
Group 1 patients with acute peri-myocarditis compared 
with the control group, although the difference was not 
significant (p = 0.2). These results are concordant with lit-
erature data, as acute peri-myocarditis rarely has a major 
effect on the overall function of the heart.19 In an MRI-
controlled study, Goitein et al. (2009) reported 23 patients 
presenting acute myocarditis with a mean left ventricular 
EF of 57%, without any significant decrease in the global 
function of the left ventricle.20 

Pericardial effusion and regional wall motion abnor-
malities were mainly present on the lateral wall of the left 
ventricle (42.8%), followed by the inferior wall (35.7%) 
and the apex (21.4%). In a study of 100 patients with acute 
peri-myocarditis, Leitman et al. (2012) reported a pre-
dominance of regional wall abnormalities of the postero-
inferolateral wall of the LV in the absence of any effect on 
LV performance.21 

In the present study, the RICA was significantly lower 
in the proximity of the affected myocardial areas in Group 
1 patients compared with Group 2 (p <0.0001). This may 
be explained by the presence of pericardial effusion and 
the thickening of the pericardium, which has a bearing on 
the regional wall motion through the extension of the in-

flammatory process from the pericardium to the adjacent 
myocardium but does not affect the overall function of the 
left ventricle. Speckle-tracking imaging may also identify 
regional wall motion abnormalities in patients with acute 
peri-myocarditis.22

The hemodynamic impact of pericardial effusions var-
ies from mild to life-threatening, depending on the rate of 
accumulation and the thickness of the pericardium. Adhe-
sions of the pericardial layers and localized liquid build-
up may develop an atypical tamponade.10 However, no 
patient with cardiac tamponade was recorded in the cur-
rent study.

CONCLUSIONS

Detailed echocardiographic evaluation of patients present-
ing with a possible acute peri-myocarditis should be con-
sidered the basis of clinical differentiation of peri-myocar-
dial syndromes. The extension of the inflammatory process 
from the pericardium to the myocardium in patients with 
acute peri-myocarditis may have an influence on the con-
tractility of the left ventricle, evaluated by three-dimen-
sional echocardiography based on objective assessment 
and quantification of contractility parameters. Statistical 
analysis of an easily measurable objective echocardio-
graphic parameter such as the regional index of contractil-
ity amplitude, demonstrated the existence of an association 
between the presence of peri-myocarditis and the regional 
contractility abnormalities of the left ventricle.
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