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A b s t r a c t

Background: Right ventricular (RV) involvement increases mortality and morbidity in inferior myocardial infarction (MI).
There are sparse data on the usefulness of pulsed tissue Doppler imaging (TDI) in the diagnosis of RV dysfunction in ST
segment elevation MI (STEMI) treated by primary percutaneous coronary intervention (pPCI).

Aim: To evaluate the diagnostic and prognostic significance of RV myocardial velocities compared to classical electrocardio-
graphic RVMI diagnostic criteria in this group of patients.

Methods: Consecutive patients with first, acute, inferior STEMI treated with pPCI were prospectively assessed. The RVMI was
defined as an ST-segment elevation ≥ 0.1 mV in lead V4R. Echocardiography with TDI was performed after pPCI within 24 h
of the onset of symptoms. Follow up including in-hospital events was performed.

Results: Out of 101 patients (58 males, mean age 63.7 ± 11.1 years), RVMI was found in 37 (37%). In multivariate analysis,
peak systolic RV velocity (SmRV) (OR 5.12), peak early diastolic RV velocity (EmRV) (OR 5.03) and RV wall motion abnormal-
ities (OR 4.94) were independent parameters for RVMI diagnosis. Receiver operating characteristics revealed high diagnostic
significance of SmRV (C statistics = 0.90) and EmRV (C statistics = 0.89). The SmRV < 12 cm/s as a cut-off for a diagnosis of
RVMI had a 89% sensitivity and a 83% specificity, whereas EmRV < 10 cm/s — 81% and 80%, respectively. Multivariate
analysis showed that two variables — SmRV and ST-segment elevation ≥ 0.1 mV in lead V4R, were independent predictors
of in-hospital prognosis.

Conclusions: Right ventricular myocardial velocities derived from TDI predict ECG diagnosis of RVMI with relatively high
sensitivity and specificity. Their high negative predictive value may be of practical importance when ECG tracings are
equivocal. More importantly, decreased RV systolic myocardial Doppler velocity predicts unfavourable clinical outcomes in
patients with inferior STEMI independently of ECG changes.
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INTRODUCTION
Right ventricular (RV) myocardial infarction (MI) occurs in 30–
–50% of patients with inferior MI [1]. It is caused mainly by
proximal right coronary artery (RCA) lesion [2, 3]. The RVMI

leads to RV dysfunction that increases early mortality and mor-
bidity independently of the degree of left ventricular dysfunc-
tion [4–7]. Rapid, accurate assessment of RV function is of
great importance, as it provides not only prognostic information
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RVMI was defined as an ST-segment elevation ≥ 0.1 mV in
lead V4R according to ESC recommendations [20]. All ECG
were assessed by an independent cardiologist, blinded to
clinical, echocardiographic and angiographic data.

Echocardiography and tissue Doppler imaging
Standard echocardiographic examination with TDI was per-
formed after pPCI within 24 h of the onset of symptoms in all
patients. Examinations were performed using Hewlett-Packard
Sonos 5500 (Andover, MA, USA) with phased-array 1.8–3.6 MHz
transducer, harmonic imaging, equipped with TDI technolo-
gy. Echocardiographers were blinded to clinical, ECG and
angiographic parameters. All measurements were perfor-
med according to the recommendations of the American
Society of Echocardiography [21, 22]. Measurements of RV
and right atrium diameters, fractional area change of RV, chan-
ge of inferior vena cava diameter during respiration, and as-
sessment of RV wall motion abnormalities were included in
standard echocardiographic examination. Left ventricular ejec-
tion fraction (LVEF) was calculated according to modified
Simpson’s rule.

The TDI was recorded during shallow respiration or end-
expiratory apnea with Doppler velocity range — 20 to 20 cm/s
with 0.57 cm sample volume at a sweep of 50 cm/s. Guided
by two-dimensional four-chamber view, a sample volume was
placed 1 cm above the tricuspid annulus at the RV free wall
[17]. Special care was taken to obtain an ultra-sound beam
parallel to the direction of RV and tricuspid annular motion.
The peak systolic myocardial velocity (Sm) and peak early
(Em) and late diastolic velocity (Am) for RV were obtained.
Right ventricular myocardial performance index was calcula-
ted from TDI according to the following formula: (a’–b’)/b’.
The a’ was the time interval between the end and the onset
of RV diastolic velocities and was equal to the sum of the
isovolumic contraction time, ejection time and isovolumic
relaxation time, while b’ was the duration of RV ejection
time [23].

The within observer and between observers
variability of measurements
The variability of RV myocardial velocities measurements (Sm,
Em and Am) was assessed for 15 patients by two investigators
independently, twice for each patient at an interval of one
week. The standard deviations for Sm, Em and Am was from
0.21, 0.22 and 0.27 cm/s, respectively (intraobserver varia-
bility) and 0.21, 0.35 and 0.28 cm/s, respectively (inter-
observer variability). The variability coefficient for Sm, Em and
Am was 1.6, 1.9 and 1.6%, respectively (intraobserver varia-
bility) and 1.6, 3.1 and 1.6%, respectively (interobserver
variability).

Interclass Correlation Coefficient (ICC) — the random
observers model was used (model of two observers drawn
from large population) — was calculated: (a) to evaluate repro-
ducibility of result equal to average of two observers measure-

but also allows proper modification of therapy. The RVMI dia-
gnosis remains a challenge, since there is no gold standard
ready to use in an emergency clinical setting. Standard echo-
cardiography allows morphological, haemodynamic and func-
tional assessment of the RV, but has limited value because of
the asymmetric, pyramidal shape of the RV and nonconcen-
tric contraction which makes geometric assumptions difficult
[8–10]. A number of echocardiographic indices have been in-
vestigated, including regional contractility, cavity size, myocar-
dial performance index, and tricuspid annular plane excursion
[11–14]. Right ventricular ejection fraction (RVEF) cannot be
reliably measured by standard 2D echocardiography. Recen-
tly, the clinical application of tissue Doppler imaging (TDI) has
allowed the recording of myocardial systolic and diastolic ve-
locities, which enables non-geometric assessment of long axis
function. Peak systolic velocity (SmRV) correlates well with ma-
gnetic resonance imaging (MRI)-derived RVEF [15]. Prelimina-
ry data are available on the usefulness of pulsed wave TDI in
the diagnosis of RVMI in patients with inferior MI [12, 16, 17].

Given recent improvements in percutaneous coronary
intervention (PCI) techniques, primary PCI (pPCI) is a stream-
line therapy in most patients with ST segment elevation MI
(STEMI). However, the patients enrolled in previous studies
mostly did not receive pPCI. There are sparse and conflicting
data on the usefulness of RV myocardial velocities derived
from TDI in this group of patients [18, 19].

The aim of this study was to evaluate the diagnostic and
prognostic significance of RV myocardial velocities compa-
red to classical electrocardiographic RVMI diagnostic criteria
in patients with inferior STEMI treated with pPCI.

METHODS
Patient population
This study was designed and conducted prospectively. Conse-
cutive patients with first, acute, inferior STEMI treated by pPCI,
with standard echocardiographic examination and TDI perfor-
med within 24 h of the onset of symptoms, were eligible. The
diagnosis of inferior STEMI was based on the European Society
of Cardiology (ESC) criteria: chest pain lasting > 30 min, cha-
racteristic ST-segment elevation of ≥ 0.1 mV in two or more
inferior derivation (leads II, III, aVF) on ECG, and an increase in
biomarkers: troponin I or creatine kinase (CK)-MB [20]. Pa-
tients with a history of previous MI, pulmonary embolism, chro-
nic obstructive pulmonary disease, documented pulmonary
hypertension, permanent atrial fibrillation, His bundle branch
blocks, moderate or severe valvular diseases, or poor quality
echocardiographic imaging were excluded. All patients gave
their written consent. The study was approved by the Postgra-
duate Medical School ethics committee.

Electrocardiogram
Standard 12-lead ECG was performed immediately upon
arrival at the Emergency Department. Right chest ECG used
for RVMI diagnosis was recorded immediately after pPCI. The



1056

www.kardiologiapolska.pl

Beata Zaborska et al.

ment (ICC was 0.996 for Sm, 0.995 for Em and 0.996 for Am);
(b) to evaluate reproducibility of single measurement result
(ICC was 0.992 for Sm, 0.990 for Em and 0.991 for Am).

Coronary angiography
Coronary angiography was performed using a Philips Integris an-
giograph (Philips, The Netherlands). All patients fulfilled the crite-
ria for coronary angiography and pPCI according to the ESC re-
commendations [20]. Standard Judkins technique was used [24].

Follow-up
Follow-up of in-hospital course was done based on clinical
database by reviewing all medical documentation. The com-
bined end-point consisted of one of the following MI compli-
cations: death, cardiogenic shock, cardiac rupture, recurrent
MI, rescue PCI, recurrent pain with ECG ischaemic changes,
symptomatic hypotension, IIo/IIIo atrio-ventricular (A-V) block,
need for intracardiac pacing or intraaortic balloon pump. Only
one event per patient was included in the analyses.

Statistical analysis
For all parameters, descriptive statistics were calculated (mean,
SD, median and quartiles for continuous variables and frequ-
ency tables for categorical variables). Variables were compa-
red using ANOVA, Kruskal-Wallis non-parametrical ANOVA,
t-Student test, Mann-Whitney test, c2 test or Fisher exact test
where appropriate.

A logistic regression analysis was used to evaluate the
predictive value of selected clinical and echocardiographic
parameter factors for the presence of ECG changes specific
for RVMI diagnosis. The included factors were: age, standard
echocardiographic parameters reflecting RV function (RV end
diastolic diameter, right atrium diameter, fractional area chan-
ge of RV, change of inferior vena cava diameter during respi-
ration and RV wall motion abnormalities) and TDI parame-
ters (SmRV, EmRV, myocardial performance index). Model
used in the analysis was pre-specified based on the current
knowledge of RV dysfunction. For RV myocardial velocities,
values below median were used. The diagnostic value of pa-
rameters in RVMI diagnosis was evaluated by calculating
a receiver operating characteristics (ROC) curve.

To evaluate the prognostic significance of RV myocardial
velocities on the occurrence of the combined end-point in
patients with inferior STEMI, multivariate logistic regression
analysis was carried out. The included factors were: SmRV,
EmRV, age, extent of MI expressed as peak troponin I, LVEF,
ST segment elevation ≥ 0.1 mV in lead V4R, impaired flow in
infarct related artery post pPCI (TIMI 0–2). Model was assessed
by goodness of fit test. Events which occurred following echo-
cardiography with TDI were enrolled into the analysis of pro-
gnosis. Analysis was carried out using Stata Statistical Software
Release 9, (Stata Corporation, College Station, TX, USA).

RESULTS
The study group consisted of 101 consecutive patients (58%
males), mean age 64 ± 11 years with first, acute inferior STEMI
treated by pPCI enrolled between 27 June 2005 and 22 Au-
gust 2006. Patients (n = 1,212) admitted to intensive coro-
nary care unit were screened. The STEMI was the reason for
admission of 426 patients. In 138 patients, first STEMI within
24 h of the onset of symptoms and with inferior localisation
was found. All patients fulfilled criteria for diagnosis of type I
MI according to the new MI definition [25]; 118 patients were
treated with pPCI according to standard indications [20, 26].
Exclusion criteria were found in 14 patients: severe aortic valve
disease (1), permanent atrial fibrillation (3), severe chronic
obstructive pulmonary disease (3), history of pulmonary em-
bolism (1), His bundle branch block (3), poor quality of stan-
dard echocardiographic imaging (3) and lack of sufficient
medical documentation (3). The clinical characteristics of the
study group are listed in Table 1.

The RVMI was found in 37 (37%) patients with inferior
STEMI, based on ECG criteria. In all patients with RVMI, the
infarct related artery was the RCA. The RVMI occurred in
29 (51%) patients with the culprit lesion in proximal RCA.
Culprit lesions localised in distal RCA led to RVMI in eight
(24%) patients.

Echocardiographic examination with TDI was performed
post pPCI within 24 h (15.0 ± 6.5 h) of the onset of symp-
toms in all patients. There were no significant differences be-
tween groups with and without RVMI in time intervals from
the onset of symptoms to echocardiography/TDI and from
pPCI to echocardiography/TDI (Table 1).

Echocardiographic data reflecting RV function of the pa-
tients with and without RVMI is set out in Table 2. The TDI
assessment was possible in all 101 patients.

Diagnostic value of right ventricular
myocardial velocities
In the multivariate logistic regression model, SmRV, EmRV and
RV wall motion abnormalities independently predicted the pre-
sence of ECG changes specific for RVMI diagnosis (Table 3).

The ability of different values of RV myocardial velocities
to detect RVMI was assessed. The ROC analysis revealed high
diagnostic significance of both myocardial velocities for RVMI:
SmRV (C statistic = 0.90), EmRV (C statistic = 0.89). The
SmRV < 12 cm/s as a cut-off for a diagnosis of RVMI had
89% (95% CI 83–95) sensitivity and 83% (95% CI 76–90) spe-
cificity (Fig. 1). The positive predictive value was 75% (95%
CI 67–83) and the negative predictive value was 93% (95%
CI 88–98). The EmRV < 10 cm/s as a cut-off for diagnosis of
RVMI had 81% (95% CI 73–89) sensitivity and 80% (95%
CI 72–88) specificity (Fig. 2). The positive predictive value
was 70% (95% CI 62–79) and the negative predictive value
was 88% (95% CI 82–94).
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Table 1. Table 1. Table 1. Table 1. Table 1. Patient characteristics

Parameter All MI (n = 101) RVMI (+) (n = 37) RVMI (–) (n = 64)

Age [years] 63.7 ± 11.1 64.5 ± 11.4 63.2 ± 11.0

Women [%] 43 (43) 20 (54) 23 (36)

Body mass index [kg/m2] 27.9 ± 4.51 28.5 ± 5.2 27.6 ± 4.1

Diabetes [%[ 20 (20) 9 (24) 1 (17)

Hypertension [%] 65 (64) 26 (70) 39 (61)

Dyslipidaemia [%] 31 (31) 12 (32) 19 (30)

Current smoker [%] 46 (46) 17 (46) 29 (45)

Heart rate (range) [bpm] 77 ± 14 (41–120) 81 ± 14 (60–120) 75 ± 14 (41–120)

SBP (range) [mm Hg] 129 ± 26 (70–230) 127 ± 28 (70–190) 130 ± 26 (80–230)

Jugular veins distension [%] 10 (10) 9 (24) 1 (2)

Peak troponin I (range) [ng/mL] 41.6 (0.4–264.9) 59.6 (2.3–264.9) 44.0 (0.4–245.4)

LVEF [%] 55.4 ± 8.8 53.2 ± 9.7 56.7 ± 8.0

Wall motion score index 1.49 ± 0.28 1.55 ± 0.32 1.45 ± 0.26

Time (25–75%) [h]:

Symptoms onset-pPCI 5.9 ± 4.4 (1.3–18.0) 7.2 ± 5.5 (2.3–18.0) 5.2 ± 3.4 (1.5–12.7)

Symptoms onset-echo/TDI 15.0 ± 6.5 (3.6–23.3) 15.4 ± 6.9 (4.3–23.0) 14.8 ± 6.3 (4.0–23.1)

pPCI-echo/TDI 9.0 ± 6.5 (0.6–19.6) 8.2 ± 7.0 (0.9–17.2) 9.5 ± 6.2 (1.2–18.6)

SBP — systolic blood pressure; LVEF — left ventricular ejection fraction; pPCI — primary percutaneous coronary intervention; TDI — tissue Doppler imaging

Table 2. Table 2. Table 2. Table 2. Table 2. Right ventricular function parameters derived from standard echocardiography and tissue Doppler imaging

Parameter All MI (n = 101) RVMI (+) (n = 37) RVMI (–) (n = 64)

End diastolic diameter — lax [cm] 2.7 ± 0.4 2.8 ± 0.4 2.6 ± 0.4

End diastolic diameter — 4ch [cm] 3.4 ± 0.6 3.6 ± 0.6 3.2 ± 0.5

Right atrium diameter [cm] 3.5 ± 0.5 3.6 ± 0.6 3.5 ± 0.5

RV contractility [%]:

Normokinesis 60 (59) 7 (19) 53 (83)

Hypokinesis 25 (25) 16 (43)  9 (14)

Akinesis 16 (16) 14 (38) 2 (3)

TR [%]:

No 18 (18) 7 (19) 11 (17)

Small 65 (64) 22 (59) 43 (67)

Moderate 18 (18)  8 (22) 10 (16)

Severe 0 (0) 0 (0) 0 (0)

Maximal gradient of TR [mm Hg] 16.4 ± 8.3* (n = 83) 15.4 ± 8.4* (n = 30) 16.9 ± 8.3* (n = 53)

Right atrial pressure [mm Hg] 11.0 ± 4.9* (n = 88) 13.3 ± 4.5* (n = 32) 9.7 ± 4.8* (n = 56)

RV systolic pressure [mm Hg] 27.3 ± 8.8* (n = 73) 28.0 ± 7.7* (n = 25) 27.0 ± 9.4* (n = 48)

RV fractional area change [%] 29.7 ± 12* (n = 89) 23.8 ± 10.1* (n = 31) 32.8 ± 11.7* (n = 58)

E wave/A wave of tricuspid flow 0.97 ± 0.1 0.93 ± 0.1 0.98 ± 0.9

IVC collapse with inspiration [%] 38 ± 24* (n = 88) 27 ± 21* (n = 32) 44 ± 23* (n = 56)

Maximal flow velocity in PA [m/s] 0.86 ± 0.24 0.77 ± 0.14 0.90 ± 0.20

Sm RV [cm/s] 12.2 ± 3.2 9.4 ± 2.4 13.8 ± 2.4

Em RV [cm/s] 10.7 ± 3.3 8.2 ± 3.0 12.1 ± 2.6

Early/late phase of diastolic RV velocity 0.68 ± 0.22 0.62 ± 0.28 0.71 ± 0.18

RV myocardial performance index 0.53 ± 0.16 0.60 ± 0.15 0.50 ± 0.15

For marked parameter (*) “n” differs from “n” for the whole group or subgroup; MI — myocardial infarction; lax — parasternal long axis view;
4ch — apical four-chamber view; RV — right ventricular; TR —     tricuspid regurgitation; IVC — inferior vena cava; PA — pulmonary artery;
Sm — systolic myocardial velocity; Em — early phase of diastolic myocardial velocity
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Right ventricular myocardial velocities in
relation to complications in early phase of
inferior myocardial infarction
In the whole group with inferior STEMI, complications
occurred in 29 (29%) patients (Table 4). The SmRV and ST
segment elevation ≥ 0.1 mV in lead V4R independently pre-
dicted unfavourable outcomes in logistic regression analyses.
The median value of SmRV was 12.5 cm/s. Patients with SmRV
above median had a decreased risk of complicated MI com-
pared to those with SmRV below median: OR 0.24 (95% CI
0.06–0.94), p = 0.041. Patients with ECG signs of RVMI had

an increased risk of in-hospital complications: OR 3.87
(95% CI 1.04–14.40), p = 0.043. No prognostic signifi-
cance was found for other parameters included in the
multivariate model (Table 5). Model was well fitted (in
goodness of fit test p = 0.96) and had high diagnostic
significance (ROC 0.79).

DISCUSSION
This study showed the high value of RV systolic myocardial
velocity and early diastolic myocardial velocity in the diagno-
sis of acute RVMI in patients with inferior STEMI treated by
pPCI. High negative predictive value was revealed — 93% for
SmRV and 88% for EmRV. Both velocities have been shown
to be independent predictors of RVMI diagnosis: OR 5.12 for
SmRV below median (12.5 cm/s) and OR 5.03 for EmRV
below median (10.4 cm/s). Pulse wave TDI allows a precise
assessment of longitudinal myocardial function.

In the case of RV, a fundamental role in generating stro-
ke volume is played by the shortening of longitudinal fibres
[27, 28]. Meluzin et al. [15] showed that a peak systolic velo-
city of tricuspid annulus correlates well with RVEF measured
by MRI. The Sm velocity < 11.5 cm/s was predictive of an
RVEF < 45% with sensitivity of 90% and specificity of 85%.
Ueti et al. [29] found a high correlation between RV systolic
velocity and RVEF assessed by radionuclide ventriculography.
Right ventricular ischaemia or infarction can also lead to im-
pairment of diastolic function. Decreased compliance and
reduced filling of RV have been shown [1, 30].

Table 3. Table 3. Table 3. Table 3. Table 3. Independent predictors of RV myocardial infarction diagnosis

Parameter Odds ratio (95% CI) P

SmRV < median (12.5 cm/s) 5.12 (1.13–23.2) 0.034

EmRV < median (10.4 cm/s) 5.03 (1.48–17.13) 0.01

RV hypo/akinesis vs normokinesis 4.94 (1.26–19.4) 0.022

Sm — systolic myocardial velocity; Em — early phase of diastolic myocardial velocity; RV — right ventricular; CI — confidence interval

Table 4. Table 4. Table 4. Table 4. Table 4. Complications during in-hospital stay in patients with
inferior ST elevation myocardial infarction (n = 101)

Cardiovascular death 2 (2%)

Re-MI 1 (1%)

Re-PCI 2 (2%)

Recurrent pain with ECG changes 6 (6%)

Symptomatic hypotension 17 (17%)

Cardiogenic shock 4 (4%)

Cardiac rupture 1 (1%)

Need for intraaortic balloon pump 1 (1%)

IIo atrio-ventricular block 4 (4%)

IIIo atrio-ventricular block 11 (11%)

Need for intracardiac temporary pacing 9 (9%)

MI — myocardial infarction; PCI — percutaneous coronary intervention

Figure 2.Figure 2.Figure 2.Figure 2.Figure 2. Receiver operating characteristics (ROC) for early
phase of diastolic myocardial velocity right ventricular (RV)
in diagnosis of RV myocardial infarction

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Receiver operating characteristics (ROC) for systolic
myocardial velocity right ventricular (RV) in diagnosis of RV
myocardial infarction
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The diagnostic usefulness of systolic velocity of tricuspid
annulus or basal free RV wall derived from pulse wave TDI
has been assessed in a few recent studies. The reported cut-
off points for RVMI diagnosis were different (Sm < 10.3 cm/s
and Em < 8.2 cm/s, Sm < 12 cm/s or Sm < 8 cm/s) [12,
16, 17]. Possible explanations for this are: different timing of
TDI examination, different RVMI definition, and mixed pa-
tient population in terms of type of treatment. In the group of
patients treated by pPCI, the data is conflicting. Kidawa et al.
[18] concluded that SmRV £ 11 cm/s is a cut-off point for
RVMI in patients with inferior STEMI and proximal occlusion
of RCA. A recent study by Hsiao et al. [19] revealed that Sm
of the lateral tricuspid annulus did not provide discriminatory
power for identifying RVMI, whereas myocardial performan-
ce index did. In their study, RVMI was defined as a culprit
lesion proximal to RV branch of RCA. Angiographic defini-
tion of MI in patients treated by pPCI seems to be imperfect.

In our study, RVMI, based on ECG criteria, occurred in
only 51% of patients with culprit lesion in the proximal RCA.
Also in our study, in contrast to previous ones, all patients
were treated by pPCI, and echocardiographic examination
with TDI was performed as soon as possible after the proce-
dure. In our opinion, this allows for an early diagnosis, which
is crucial for further treatment. The protocol and timing of
examinations have reflected clinical practice: first reperfu-
sion, then early risk stratification which means reconside-
ring RVMI diagnosis in patients with inferior STEMI.

Standard echocardiography is the most widely available,
semi-quantitative RV assessment modality, but is limited by
the complex morphology of the RV and may be further chal-
lenged by poor acoustic windows [27]. This technical chal-
lenge could be overcome by using TDI with non-geometric
indices of RV function. The reproducibility of measurements
of RV myocardial velocities was high in this work, and this
has also been found by other authors [17, 23]. It was possible
to keep high reproducibility in the acute phase of MI in sub-
optimal for echo examinations coronary care units settings.
In this study, in every patient TDI measurements were possi-
ble, even if for technical reasons some standard echo measu-

rements were not acceptable. Pulse wave TDI allowed
simple, rapid and quantitative measurements.

In our study, SmRV myocardial velocity was found to be
an independent predictor of early, in-hospital prognosis. This
supports data showing that RV dysfunction is an indepen-
dent prognostic parameter in patients with MI [6]. It was con-
firmed in patients treated by contemporary percutaneous re-
perfusion therapy [31]. The importance of RV function in the
prognosis of various cardiopulmonary disorders is now well
understood. Meluzin et al. [32] found that patients with symp-
tomatic heart failure and systolic velocity of tricuspid annulus
< 10.8 cm/s exhibited significantly worse event-free survival.
In patients with inferior STEMI, RVMI leads to increased early
mortality and morbidity [5, 7]. Dokainish et al. [17] found
that SmRV was a predictor of one-year prognosis regarding
cardiac death and rehospitalisation in patients with acute in-
ferior ST segment elevation MI.

Limitations of the study
The major limitation of our study is the lack of a ‘gold stan-
dard’ for the diagnosis of RVMI suitable for the early phase
of hospitalisation in a coronary care units. We chose the ECG
definition of RVMI, as recommended by ESC [20], but this
definition has its own limitations, mainly in terms of limited
specificity and high dependence from a delay of examina-
tion from the onset of symptoms. This last problem was over-
come by performing all diagnostic procedures within 24 h.
The known limitations of TDI: angle dependency, only long-
-axis function assessment and the consequence of tethering
with other parts of the myocardium, are also applicable to
our study.

CONCLUSIONS
The RV myocardial velocities derived from TDI predict ECG
diagnosis of RVMI with relatively high sensitivity and specifi-
city. Their high negative predictive value may be of practical
importance when ECG tracings are equivocal. More impor-
tantly, decreased RV systolic myocardial Doppler velocity in-
dependently of ECG changes predicts unfavourable clinical

Table 5. Table 5. Table 5. Table 5. Table 5. Predictors of in-hospital complications

Parameter Odds ratio (95% CI) P

SmRV > median (12.5 cm/s) 0.24 (0.06–0.94) 0.041

EmRV > median (10.4 cm/s) 2.20 (0.54–8.98) 0.272

Age 2.54 (0.87–7.42) 0.089

Peak troponin I 1.00 (0.98–1.03) 0.822

Left ventricular ejection fraction 1.94 (0.61–6.13) 0.259

ST segment elevation ≥ 0.1 mV in V4R 3.87 (1.04–14.41) 0.043

TIMI flow < 3 post pPCI in infarct related artery 0.96 (0.24–3.97) 0.962

pPCI — primary percutaneous coronary intervention; other abbreviations as in Table 3
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outcomes in patients with inferior STEMI. The adoption of
measurements of RV myocardial velocities derived from TDI
as part of routine echo examination in this group of patients
should be considered.

This study was supported by Research Grant No. 501–2–1–10–78/04
from the Postgraduate Medical School, Warsaw, Poland

Conflict of interest: none declared

References
1. Goldstein J. Pathophysiology and management of right heart is-

chaemia. J Am Coll Cardiol, 2002; 40: 841–853.
2. Goldstein JA, Barzilai B, Rosamond TL Eisenberg PR, Jaffe AS.

Determinants of hemodynamic compromise with severe right
ventricular infarction. Circulation, 1990; 82: 359–368.

3. Bowers TR, O’Neill WW, Pica M, Goldstein JA. Patterns of co-
ronary compromise resulting in acute right ventricular ischemic
dysfunction. Circulation, 2002; 106: 1104–1109.

4. Sakata K, Yoshino H, Kurihara H et al. Prognostic significance of
persistent right ventricular dysfunction as assessed by radio-
nuclide angiocardiography in patients with inferior wall acute
myocardial infarction. Am J Cardiol, 2000; 85: 939.

5. Mehta SR, Eikelboom JW, Natarajan MK et al. Impact of right ven-
tricular involvement on mortality and morbidity in patient with
inferior myocardial infarction. J Am Coll Cardiol, 2001; 37: 37–43.

6. De Groote P, Millaire A, Foucher-Hossein C et al. Right ventricu-
lar ejection fraction is an independent predictor of survival in
patients with moderate heart failure. J Am Coll Cardiol, 1998; 32:
948–954.

7. Kukla P, Dudek D, Rakowski T et al. Inferior wall myocardial
infarction with or without right ventricular involvement — treat-
ment and in-hospital course. Kardiol Pol, 2006; 64: 583–588.

8. Voelkel NF, Quaife RA, Leinwand LA et al. National Heart, Lung,
and Blood Institute Working Group on Cellular and Molecular
Mechanisms of Right Heart Failure. Right ventricular function
and failure: report of a National Heart, Lung and Blood Institute
Working Group on cellular and molecular mechanisms of right
heart failure. Circulation, 2006; 114: 1883–1891.

9. Selton-Suty C, Juilliere Y. Non invasive investigations of the right
heart: how and why? Arch Cardiovasc Dis, 2009; 102: 219–232.

10. Rudski LG, Wyman WL, Afilalo J et al. Guidelines for the Echo-
cardiographic Assessment of the Right Heart in Adults:
a report from the American Society of Echocardiography Endorsed
by the European Association of Echocardiography and the Cana-
dian Society of Echocardiography. J Am Soc Echocardiogr, 2010;
23: 685–713.

11. Mattioli AV, Vandelli R, Mattioli G. Doppler echocardiographic
evaluation of right ventricular function in patients with right
ventricular infarction. J Ultrasound Med, 2000; 19: 831–836.

12. Ozdemir K, Altunkeser BB, Içli A, Ozdil H, Gök H. New parame-
ters in identification of right ventricular myocardial infarction and
proximal right coronary artery lesion. Chest, 2003; 124: 219–226.

13. Casazza F, Bongarzoni A, Caposi A et al. Regional right ventricu-
lar dysfunction in acute pulmonary embolism and right ventri-
cular infarction. Eur J Echocardiogr, 2005; 6: 11–14.

14. Piestrzeniewicz K, Łuczak K, Piechowiak M, Maciejewski M, Goch JH.
The value of Doppler-derived myocardial performance index and
tricuspid annular motion in the evaluation of right ventricular
function in patients with acute inferior myocardial infarction.
Folia Cardiol, 2006; 13: 369–378.

15. Meluzin J, Spinarova L, Bakala J et al. Pulsed Doppler tissue ima-
ging of the velocity of tricuspid annular systolic motion.
A new, rapid, and non-invasive method of evaluating right ven-
tricular systolic function. Eur Heart J, 2001; 22: 340–348.

16. Alam M, Wardell J, Andersson E, Samad BA, Nordlander R.
Right ventricular function in patients with first inferior
myocardial infarction: assessment by tricuspid annular mo-

tion and tricuspid annular velocity. Am Heart J, 2000; 139:
710–715.

17. Dokainish H, Abbey H, Gin K, Ramanathan K, Lee PK, Jue J. Use-
fulness of tissue Doppler imaging in the diagnosis and prognosis
of acute right ventricular infarction with inferior wall acute left
ventricular infarction. Am J Cardiol, 2005; 95: 1039––1042.

18. Kidawa M, Peruga JZ, Kasprzak JD et al. Przydatność tkankowej
echokardiografii doplerowskiej w rozpoznawaniu zawału prawej
komory. Pol Przegl Kardiol, 2006; 8: 241–246.

19. Hsiao SH, Chiou KR, Huang WC et al. Right ventricular infarc-
tion and tissue Doppler imaging: insights from acute inferior
myocardial infarction after primary coronary intervention. Circ J,
2010; 74: 2173–2180.

20. Van de Werf F, Ardissino D, Betriu A et al. Management of acute
myocardial infarction in patients presenting with ST-
-segment elevation. The Task Force on the Management of Acute
Myocardial Infarction of the European Society of Cardiology. Eur
Heart J, 2003; 24: 28–66.

21. Schiller NB, Shah PM, Crawford M et al. Recommendations for
quantification of the left ventricle by two-dimensional echocar-
diography. American Society of Echocardiography Committee on
standards, Subcommittee on Quantification of Two-Dimen-
sional Echocardiograms. J Am Soc Echocardiogr, 1989; 2: 358–
–367.

22. Lang RM, Bierig M, Devereux RB et al. Recommendations for
Chamber Quantification: a Report from the American Society of
Echocardiography’s Guidelines and Standards Committee and
Chamber Quantification Writing Group, Developed in Conjunc-
tion with the European Association of Echocardiography,
a Branch of the European Society of Cardiology. J Am Soc Echocar-
diogr, 2005; 18: 1440–1465.

23. Meluzin J, Spinarova L, Hude P et al. Prognostic importance of
various echocardiographic right ventricular functional parame-
ters in patients with symptomatic heart failure. J Am Soc Echocar-
diogr, 2005; 18: 435–444.

24. Judkins MP. Selective coronary arteriography. A percutaneous
transfemoral  technique. Radiology, 1967; 89: 815–824.

25. Thygesen K, Alpert JS. White HD; on behalf of the Joint
ESC/ACCF/WHF Task Force for the Redefinition of Myocardial
Infarction: Universal definition of myocardial infarction. Eur
Heart J, 2007; 28: 2525–2538.

26. Antman EM, Anbe DT, Armstrong PW et al. ACC/AHA guide-
lines for the management of patients with ST-elevation myocar-
dial infarction. A report of the American College of Cardiology/
/American Heart Association Task Force on Practice Guidelines
(Writing Committee to Revise the 1999 Guidelines for the Mana-
gement of Patients With Acute Myocardial Infarction). Circula-
tion, 2004; 110: 588–636.

27. Geva T, Powell AJ, Crawford EC, Chung T, Colan SD. Evaluation
of regional differences in right ventricular systolic function by
acoustic quantification echocardiography and cine magnetic re-
sonance imaging. Circulation, 1998; 98: 339–345.

28. Kukulski T, Hübbert L, Arnold M, Wranne B, Hatle L, Suther-
land GR. Normal regional right ventricular function and its change
with age: a Doppler Myocardial Imaging study. J Am Soc Echocar-
diogr, 2000; 13: 194–204.

29. Ueti OM, Camargo EE, Ueti Ade A, de Lima-Filho EC, Nogueira EA.
Assessment of right ventricular function with Doppler echocar-
diographic indices derived from tricuspid annular motion: com-
parison with radionuclide angiography. Heart, 2002; 88: 244–248.

30. Brookes C, Ravn H, White P, Moeldrup U, Oldershaw P,
Redington A. Acute right ventricular dilatation in response to
ischemia significantly impairs left ventricular systolic perfor-
mance. Circulation, 1999; 100: 761–767.

31. Assali AR, Teplitsky I, Ben-Dor I et al. Prognostic importance of
right ventricular infarction in an acute myocardial infarction
cohort referred for contemporary percutaneous reperfusion the-
rapy. Am Heart J, 2007; 153: 231–237.

32. Meluzín J, Spinarová L, Dusek L, Toman J, Hude P, Krejcí J. Prognos-
tic importance of the right ventricular function assessed by Doppler
tissue imaging. Eur J Echocardiogr, 2003; 4: 262–271.



www.kardiologiapolska.pl

1061Echocardiography in right ventricular infarction

Znaczenie diagnostyczne i prognostyczne
prędkości ruchu mięśnia prawej komory
w zawale serca ściany dolnej leczonym
przezskórną interwencją wieńcową

Beata Zaborska, Ewa Makowska, Ewa Pilichowska, Paweł Maciejewski, Bronisław Bednarz,

Wojciech Wąsek, Sebastian Stec, Andrzej Budaj

Klinika Kardiologii, Centrum Medycznego Kształcenia Podyplomowego, Szpital Grochowski, Warszawa

Streszczenie

Wstęp: Zawał prawej komory (RV) towarzyszący zawałowi serca (MI) ściany dolnej prowadzi do istotnych hemodynamicznie
następstw i pogarsza rokowanie w tej grupie chorych. Dane dotyczące zastosowania tkankowej echokardiografii doplerow-
skiej metodą fali pulsacyjnej (TDI) w diagnostyce RVMI są obiecujące, choć nieliczne, zwłaszcza w grupie chorych leczonych
pierwotną przezskórną interwencją wieńcową (pPCI).

Cel: Celem pracy była ocena wartości diagnostycznej i prognostycznej prędkości ruchu mięśnia RV w odniesieniu do klasycz-
nych elektrokardiograficznych kryteriów rozpoznawania RVMI w grupie chorych z MI ściany dolnej.

Metody: Badanie zaplanowano jako prospektywne. Do grupy badanej włączono 101 kolejnych chorych (58 mężczyzn,
średnia wieku 63,7 ± 1,1 roku) z rozpoznaniem pierwszego w życiu MI z uniesieniem odcinka ST (STEMI), leczonych pPCI.
Zawał serca RV rozpoznawano na podstawie uniesienia odcinka ST o ≥ 0,1 mV w odprowadzeniu aVR. Badanie echokar-
diograficzne wykonywano po pPCI w czasie do 24 h od pojawienia się objawów klinicznych. Rejestrowano powikłania
występujące w czasie hospitalizacji (zgon, wstrząs kardiogenny, pęknięcie mięśnia sercowego, ponowny MI, konieczność
wykonania ratunkowej PCI, nawrót objawowego niedokrwienia, objawowa hipotonia, blok przedsionkowo-komorowy
II/III stopnia, konieczność stosowania kontrapulsacji wewnątrzaortalnej).

Wyniki: Na podstawie kryteriów elektrokardiograficznych RVMI rozpoznano u 37 (37%) chorych. W analizie wieloczynniko-
wej maksymalna prędkość skurczu RV (SmV), maksymalna prędkość wczesnej fazy rozkurczu RV (EmRV) i zaburzenia kurcz-
liwości RV miały niezależną wartość diagnostyczną w rozpoznawaniu RVMI (odpowiednio, OR 5,12; 5,03; 4,94). Na podsta-
wie oceny wartości pola pod krzywą ROC stwierdzono wysoką wartość diagnostyczną SmRV (statystyka C = 0,90) i EmRV
(statystyka C = 0,89) dla rozpoznania RVMI. Wyznaczono punkt odcięcia dla SmRV < 12 cm/s pozwalający na rozpoznanie
RVMI z czułością równą 89,2% i swoistością 82,8% oraz punkt odcięcia dla EmRV < 10 cm/s pozwalający na rozpoznanie
RVMI z czułością wynoszącą 81,1% i swoistością 79%. W całej grupie osób z MI ściany dolnej powikłania w trakcie hospita-
lizacji wystąpiły u 29 (29%) chorych. Niezależnymi czynnikami rokowniczymi wystąpienia powikłań były SmRV (dla wartości
SmRV > 12.5 cm/s: OR 0,24. 95% Cl 0,06–0,094; p = 0,041) oraz elektrokardiograficzne cechy RVMI (OR 3,87; 95% Cl
1,04–14,4; p = 0,043).

Wnioski: Pomiar prędkości ruchu mięśnia RV ma istotne znaczenie diagnostyczne w rozpoznawaniu RVMI, szczególnie
u chorych z niejednoznacznymi zmianami w EKG oraz pozwala na określenie, niezależnie od zmian EKG, ryzyka wystąpienia
u osób z MI ściany dolnej powikłań w trakcie hospitalizacji.

Słowa kluczowe: tkankowa echokardiografia doplerowska, zawał prawej komory, zawał ściany dolnej
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