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Abstract: Background: Although the importance of the right ventricle (RV) involvement has been known for many years in patients with 

ST-elevation myocardial infarction (STEMI), it is scarce in non-ST-elevation acute coronary syndrome (NSTE-ACS). Objectives: We aimed to 

investigate the eff ects of urgent percutaneous coronary intervention (PCI) on the RV systolic functions in patients with NSTE-ACS. Materials 

and Methods: Ninety-fi ve patients diagnosed with NSTE-ACS and who underwent urgent PCI were prospectively investigated. RV systolic 

functions were analyzed and compared before and after PCI in all patients by using RV index of myocardial performance (RIMP), tricuspid 

annular plane systolic excursion (TAPSE), two-dimensional (2D) RV fractional area change (FAC), and isovolumic acceleration (IVA) parameters 

with transthoracic echocardiography. Results: Among 95 NSTE-ACS patients, 31 had impaired RIMP, 13 had impaired TAPSE, 8 had decreased 

2D FAC, and 32 had impaired IVA values at baseline. There was a signifi cant increase in 2D FAC and IVA values after PCI. Conclusions: The right 

ventricular functions may also be aff ected in patients with NSTE-ACS, and urgent PCI has a signifi cant eff ect on the recovery of right ventricular 

systolic functions in patients with NSTE-ACS.

Keywords: non-ST-elevation acute coronary syndrome, right ventricular index of myocardial performance, tricuspid annular plane systolic 

excursion, two-dimensional right ventricle fractional area change, isovolumic acceleration, percutaneous coronary intervention

Introduction

Right ventricular (RV) dysfunction may be seen as a 

consequence of right ventricular myocardial infarc-

tion (MI) which is seen in about 50% of patients with 

inferior MI and 10% of patients with anterior MI 

[1, 2]. Although RV involvement in acute MI usu-

ally does not attract enough attention during patient 

care, it may compromise hemodynamics and play an 

important prognostic role. Studies aiming to evalu-

ate RV involvement in acute MI have been conducted 

using diff erent diagnostic approaches including elec-

trocardiography, echocardiography, and radionuclide 

techniques [1, 3–5]. Most of them aimed to defi ne 

the prognostic role of RV involvement in acute MI 

patients who underwent thrombolytic or no reperfu-

sion therapy. Although the importance of the right 

ventricle has been well known for many years [4, 6] 

in patients with ST-elevation myocardial infarction 

(STEMI), the importance of right ventricle in non-

ST-elevation acute coronary syndromes (NSTE-ACS) 

is less known.

In this study, we aimed to investigate the right ven-

tricle systolic functions in patients with NSTE-ACS and 

the eff ect of urgent mechanical revascularization on the 

right ventricle systolic functions.
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Methods

Study population

In this prospective nonrandomized study, a total of 95 

patients (73 male, mean  ±  SD age: 59  ±  12.7 years) 

who were diagnosed with NSTE-ACS based on clinical, 

laboratory, and electrocardiographic (ECG) parameters 

upon their admission to Kartal Kosuyolu Heart Train-

ing and Research Hospital between November 2012 and 

February 2013 with the complaint of chest pain and no 

contraindication for the conventional coronary angiog-

raphy were included. Physical examination and MI-relat-

ed basal risk evaluation were performed.

Biochemical assessment

Venous blood samples were taken from each patient up-

on their admission. Blood glucose, serum creatinine, and 

troponin I values of each patient were recorded.

Electrocardiographic evaluation

ST-segment depression and T-wave inversion on admis-

sion ECG of each patient were evaluated.

Echocardiographic examination

Transthoracic echocardiography was performed in all pa-

tients on admission by using Vivid 7 Dimension® (GE 

Vingmed Ultrasound AS N-3190 Horten, Norway) 

echocardiography machine. Left ventricular ejection 

fractions of the patients were calculated by using biplane 

Simpson’s method.

Evaluation of right ventricular systolic functions

RV systolic functions were analyzed in all patients by 

calculating right ventricular index of myocardial perfor-

mance (RIMP), tricuspid annular plane systolic excur-

sion (TAPSE), two-dimensional right ventricle fractional 

area change (2D RV FAC), and isovolumic acceleration 

(IVA) parameters.

RIMP was obtained by using the pulse wave tissue 

Doppler method at the lateral tricuspid annulus. Tricus-

pid valve closure and opening time (TCO) which was 

measured from the cessation of the A´ wave to the be-

ginning of the E´ wave encompasses isovolumetric con-

traction time (IVCT), ejection time (ET), and isovolu-

metric relaxation time (IVRT). Ejection time was mea-

sured from the beginning to cessation of systolic ejection 

wave. RIMP was calculated with the formula: RIMP = 

(TCO − ET) / ET (Fig. 1).

TAPSE was acquired by placing an M-mode cursor 

through the lateral tricuspid annulus and measuring the 

amount of longitudinal motion of the annulus at peak 

systole in the standard apical four-chamber view (Fig. 2).

2D RV FAC was obtained by tracing the RV endocar-

dium both in end systole and end diastole from the an-

nulus along with the free wall to the apex and then back 

to the annulus along with the interventricular septum in 

the standard apical four-chamber view (Fig. 3).

Fig. 1. RIMP was obtained by using the pulse wave tissue Doppler method at the lateral tricuspid 

annulus, with the formula: RIMP = (TCO − ET) / ET
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IVA was assessed during isovolumic contraction for 

the right ventricle by placing pulse wave tissue Doppler 

at the point where the tricuspid annulus joins the lateral 

free wall in apical four-chamber view. IVA was calculated 

by dividing the peak isovolumic velocity, just the wave 

before the systolic wave on the tissue Doppler trace, by 

the time to peak velocity (Fig. 4).

A RIMP value >40%, a TAPSE value <16 mm, a FAC 

value <35%, and an IVA value <2.2 indicate right ven-

tricular systolic dysfunction [7].

Coronary angiography and PCI

Coronary angiography was performed via transfemoral 

approach using Siemens Angiocore Machine (Germany) 

by experienced interventional cardiologists (who per-

form at least 75 interventional procedures per year) to 

all patients within 12 h after admission. After coronary 

angiography, PCI was performed to 56 patients. Prior 

to the PCI, all patients were administered aspirin (300 

mg, oral), clopidogrel (600 mg, oral), and heparin (dose 

adjusted to body weight).

Comparison of the right ventricular systolic functions 
before and after PCI

Right ventricular systolic functional analysis was per-

formed again using RIMP, TAPSE, 2D RV FAC, and 

IVA parameters within 24 h after PCI. Subsequently, 

these parameters were compared with the baseline pa-

rameters before PCI.

Fig. 3. Calculating 2D RV FAC by tracing the RV endocardium both in end systole and end diastole 

from the annulus along with the free wall to the apex and then back to the annulus along 

with the interventricular septum in the standard apical four-chamber view. FAC = 100 × 

(end-diastolic area − end-systolic area) / end-diastolic area

Fig. 2. TAPSE was acquired by placing an M-mode cursor through the lateral tricuspid annulus and 

measuring the amount of longitudinal motion of the annulus at peak systole
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Statistical analysis

Statistical analysis was made using the computer soft-

ware SPSS version 13.0 (SPSS Inc. Chicago, IL, USA). 

Analysis of numeric variables was performed via Student 

t-test, Mann–Whitney U-test, while that of categorical 

variables was performed via chi-square test. Data were 

expressed as “mean ± standard deviation (SD)” and/or 

percentage (%). p value <0.05 was considered statistically 

signifi cant.

Results

Physical examination

KILLIP status of all patients upon admission was record-

ed. Eighty out of 95 patients had KILLIP class I status, 

14 had KILLIP class II, and one had KILLIP class III. 

Systolic blood pressures and heart rates of all patients 

were recorded on admission. The mean value of systolic 

blood pressure was 140.90 ± 24 mm Hg, and the mean 

heart rate value was 76.9 ± 14.7 beat/min (Table I).

Biochemical assessment

The mean blood glucose level was 141.45 ± 65.57 mg/dL. 

Thirty-fi ve patients had diabetes mellitus. The mean se-

rum creatinine level was 0.85 ± 0.19 mg/dL, and mean 

troponin I level was 3.63 ± 7.33 mg/dL (Table I).

Electrocardiographic evaluation

There was no remarkable electrocardiographic change in 

35 patients. ST-segment depression was present in 46, 

and T-wave inversion was recorded in 14 patients.

Echocardiographic examination

The mean ejection fraction (EF) of the left ventricle of 

the study population was calculated as 53.8 ± 10.1. In 

37 patients, the left ventricular EF was between 30% 

and 50% and higher than 50% in remaining 58 patients 

(Table II).

Fig. 4. IVA was calculated by dividing the peak isovolumic velocity, just the wave before the systolic 

wave on the tissue Doppler trace, by the time to peak velocity

Table I Baseline clinical characteristics of study population

Characteristics Total (n = 95)

Age (year) 59.0 ± 12.7

Male/female (n/n) 73/22

Fasting glucose (mg/dL) 141.45 ± 65.57

Troponin I (mg/dL) 3.63 ± 7.33

Serum creatinine (mg/dL) 0.85 ± 0.19

KILLIP status, n (%) I 80 (84.2)

II 14 (14.7)

III 1 (1.1)

Heart rate (beat/min) 76.9 ± 14.7

Systolic BP (mm Hg) 140.90 ± 24
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Right ventricular systolic functions of the study 
population

The mean RIMP value of all patients was 37.7 ± 17.2 

(%), the mean value of TAPSE was calculated as 

19.7 ± 1.1 mm, the mean value of 2D RV FAC of the 

study population was 44.1 ± 7.6 (%), and the mean val-

ue of IVA was 2.7 ± 1.3 m/s2 (Table III). The RIMP 

values of 31 patients were higher than 40%, 13 patients 

had TAPSE values under 16 mm, eight patients had 2D 

RV FAC values <35%, and 32 patients had IVA values 

under 2.2 m/s2.

There was only a weak negative correlation between 

the ages and TAPSE values of the study population 

(p  =  0.022, r = −0.236) (Table IV) during the corre-

lation analysis of clinical and laboratory traits with the 

right ventricular systolic functional parameters.

Coronary angiography and PCI

After coronary angiography, PCI was performed to 56 

patients with critical lesions. Critical right coronary ar-

tery (RCA) lesion was observed in 27 patients. Seven 

patients had critical circumfl ex (Cx) artery stenosis, and 

16 had critical left anterior descending (LAD) artery le-

sion. Five patients had both RCA and Cx artery lesions, 

while seven had both RCA and LAD artery lesions, and 

six had both LAD and Cx artery lesions. All patients had 

TIMI III fl ow in culprit artery except one who had cul-

prit lesion on Cx artery and TIMI fl ow was 0 before 

PCI. TIMI III fl ow was achieved in all patients after PCI.

Comparison of the right ventricular systolic functions 
before and after PCI

During comparison of right ventricular systolic func-

tions, there was a signifi cant increase in the 2D RV FAC 

Table II Data from echocardiographic examinations of the study 

subjects

Characteristics Total (n = 95)

RIMP (%) 37.7 ± 17.2

TAPSE (mm) 19.7 ± 1.1

2D RV FAC (%) 44.1 ± 7.6

IVA (m/s2) 2.7 ± 1.3

EF-Simpson (%) 53.8 ± 10.1

≥50% 58 (61%)

<50% 37 (39%)

Table III Comparison of right ventricular systolic function parameters before and after PCI

Characteristics Total (n = 56)

Before PCI After PCI p

RIMP (%) 37.7 ± 17.2 36.8 ± 20.3 0.8

TAPSE (mm) 19.7 ± 1.1 20.5 ± 3.3 0.08

2D RV FAC (%) 44.1 ± 7.6 46.3 ± 6.8 0.045

IVA (m/s2) 2.7 ± 1.3 3.2 ± 1.2 0.001

Table IV Correlation analysis of clinical and laboratory subjects with cardiac parameters

RIMP (%) TAPSE (mm) 2D RV FAC (%) IVA (m/s2)

Age (year)

r 0.058 −0.236 −0.138 −0.069

p 0.574 0.022 0.188 0.508

FBG (mg/dL)

r −0.096 −0.022 −0.103 −0.166

p 0.360 0.831 0.329 0.112

Troponin I

r −0.052 −0.146 −0.062 0.059

p 0.614 −0.159 0.553 0.571

Creatinine (mg/dL)

r 0.001 −0.088 −0.159 −0.010

p 0.994 0.395 0.128 0.925
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and IVA values before and after PCI (44.1% ± 7.6% vs. 

46.3% ± 6.8% [p = 0.045] [Fig. 5] and 2.7 ± 1.3 m/ s2 

vs. 3.2 ± 12 m/s2 [p = 0.001], respectively [Fig. 6]). 

TAPSE values of patients performing PCI also in-

creased after PCI, but this increment was not statis-

tically signifi cant (19.7  ±  1.1mm vs. 20.5  ±  3.3 mm 

[p  = 0.08]). However, the RIMP values of these pa-

tients did not diff er signifi cantly before and after PCI 

(37.7% ± 17.2% vs. 36.8% ± 20.3% [p = 0.8]) (Table 
III). The eff ect of the urgent PCI on right ventricular 

systolic functions was independent from culprit vessel 

location (Table V).

Fig. 5. The box-plot graph comprising of FAC values of patients with NSTE-ACS be-

fore and after urgent PCI

Fig. 6. The box-plot graph comprising of IVA values of patients with NSTE-ACS before 

and after urgent PCI
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Discussion

This study showed that the right ventricular systolic 

functions may be impaired in patients with NSTE-ACS, 

and urgent PCI has benefi cial eff ect on recovery of these 

impaired functions.

NSTE-ACS is an unstable coronary condition prone 

to ischemic recurrences and other complications that 

may lead to death or MI in the short and long term. The 

management, which includes anti-ischemic and anti-

thrombotic pharmacological treatments as well as vari-

ous strategies for coronary revascularization, is directed 

to prevent or reduce such complications and to improve 

outcomes [8].

Hamon et al. [9] demonstrated RV dysfunction as a 

predictor of an adverse prognosis in STEMI without car-

diogenic shock, in a meta-analysis of data from 22 stud-

ies. On the other hand, RV dysfunction in NSTE-ACS 

has not been widely investigated yet.

A number of parameters such as RIMP, TAPSE, 2D 

RV FAC, 2D RV ejection fraction (EF), three-dimen-

sional (3D) RV EF, tissue Doppler-derived tricuspid 

lateral annular systolic velocity (S0), and longitudinal 

strain and strain rate can be used for evaluation of RV 

systolic functions. Studies have shown clinical utility 

and value of RIMP, TAPSE, and 2D RV FAC for the 

assessment of the right ventricular systolic functions [2, 

10, 11].

Maheshwari and Mittal [12] showed that RIMP is 

a more sensitive, non-geometric echocardiographic pa-

rameter than Simpson’s RVEF in detecting early RV dys-

function. In the present study, 31 patients with NSTE-

ACS had impaired RIMP values.

Although TAPSE is an index of longitudinal func-

tion, it is known to be well correlated with parameters of 

RV global systolic function, such as radionuclide-derived 

RV EF, 2D RV FAC, and 2D RV EF [13]. Hoogslag 

et al. [14] investigated determinants of right ventricular 

remodeling following ST-segment elevation myocardial 

infarction, and they defi ned RV systolic dysfunction as 

TAPSE <16 mm. In our study, 13 patients with NSTE-

ACS had TAPSE value under 16 mm.

Azevedo et al. [15] demonstrated that predictors of 

right ventricle dysfunction after anterior myocardial in-

farction by using 2D FAC and they defi ned 2D FAC 

<35% as RV systolic dysfunction. In our study popula-

tion, eight of NSTE-ACS patients had FAC value under 

35%.

Tayyareci et al. [16] demonstrated subclinic right 

ventricular dysfunction in patients with type 2 DM by 

using IVA. Thirty-two patients in our study had im-

paired IVA values.

Table V Correlation analysis of clinical and laboratory subjects with cardiac parameters

Culprit lesion: RCA Culprit lesion: other p**

Before RIMP 37.0 ± 13.9 35.9 ± 16.1 0.57

After RIMP 37.9 ± 18.8 35.9 ± 21.6 0.64

Δ RIMP 0.9 ± 12.2 0.001 ± 13.5 0.98

p* 0.95 0.99

Before TAPSE 19.8 ± 3.9 19.5 ± 4.1 0.60

After TAPSE 20.9 ± 2.6 20.3 ± 3.7 0.36

Δ TAPSE 1.1 ± 3.1 0.8 ± 1.9 0.32

p* 0.02 0.002

Before IVA 2.7 ± 1.2 2.7 ± 0.9 0.47

After IVA 3.5 ± 1.4 3.0 ± 0.9 0.06

Δ IVA 0.8 ± 1.3 0.3 ± 0.7 0.11

p* 0.006 0.008

Before 2D RV FAC 43.8 ± 6.4 44.9 ± 8.1 0.23

After 2D RV FAC 46.4 ± 7.1 46.2 ± 6.6 0.85

Δ 2D RV FAC 2.6 ± 7.3 1.3 ± 6.5 0.35

p* 0.06 0.08

*Wilcoxon signed rank test
**Mann–Whitney U-test

Abbreviations: systolic BP: systolic blood pressure; RIMP: right ventricular index of myocardial performance; TAPSE: tricuspid 

annular plane systolic excursion; 2D RV FAC: two-dimensional right ventricle fractional area change; IVA: isovolumic acceleration; 

PCI: percutaneous coronary intervention; EF: ejection fraction
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The impairment of those parameters in our study 

demonstrated that RV systolic dysfunctions may be pres-

ent in patients with NSTE-ACS on admission.

Revascularization for NSTE-ACS relieves symptoms, 

shortens hospital stay, and improves prognosis. The indi-

cations and timing for myocardial revascularization rely 

on many factors including the patient’s clinical traits, the 

presence of risk factors, comorbidities, and the severity 

of the lesions as identifi ed by coronary angiography [8].

Many studies have showed that reperfusion therapy 

especially primary PCI restores the right ventricular sys-

tolic function in patients with STEMI [17]. However, 

the eff ects of urgent PCI on RV systolic functions in 

NSTE-ACS patients are less known. In our study, we 

compared the right ventricular systolic functions by us-

ing TAPSE, 2D FAC, IVA, and RIMP obtained before 

and after urgent PCI in patients with NSTE-ACS. We 

found that 2D FAC and IVA values of these patients 

increased after performing PCI. Although TAPSE and 

RIMP value of these patients recovered after PCI, it was 

not signifi cantly diff erent.

As the right coronary artery supplies most of the RV, 

studies analyzing RV infarction have evaluated those cas-

es resulting from an acute occlusion of this vessel [4, 18–

20]. The anterior wall of the RV is supplied by branches 

of the LAD [17], and autopsy studies had revealed that 

acute LAD occlusion could also cause partial RV in-

farction [21, 22]. This association has not been widely 

studied yet. More precise evaluation of RV involvement 

can improve our understanding of pathophysiology and 

allow a more thorough assessment of anterior STEMI 

patients.

When we analyzed the eff ect of culprit lesion on the 

right ventricular systolic functional recovery after urgent 

PCI, we found that the benefi cial eff ect of the urgent 

PCI was independent from culprit vessel location (Ta-
ble V).

Conclusions

The right ventricular functions may also be aff ected in 

patients with NSTE-ACS, and urgent PCI has a signifi -

cant eff ect on the recovery of right ventricular systolic 

functions in patients with NSTE-ACS.
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