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Aims Myocardial performance index (MPI) measured by conventional Doppler is routinely used to assess right ventricular
(RV) systolic function in patients with pulmonary hypertension (PH). Our aim was to determine whether MPI
measured by Doppler tissue imaging (tMPI) is effective in assessing RV function in these patients.

Methods
and results

Retrospectively, we have studied 196 patients with chronic PH [pulmonary arterial systolic pressure (PASP)
81+40 mmHg] and 37 healthy volunteers (PASP of 27+7 mmHg). According to the exclusion criteria, 172 patients
were included in the final study cohort. All patients were evaluated for RV systolic function by different parameters.
MPI was measured by both conventional and tissue Doppler imaging. Bland–Altman analysis showed moderate
agreement between MPI and tMPI (the mean difference was 20.02, absolute difference ¼ 20.32 to 0.29; 95% inter-
vals of agreement, percentage of average ¼ 246.6 to 40.8%). In 50 consecutive PH patients where additional par-
ameters were calculated, we found a significant correlation between tMPI and RV ejection fraction (r ¼ 20.73,
P , 0.0001) and RV fractional area change (r ¼ 20.58, P , 0.0001). No significant inter- and intra-observer variabil-
ity was identified.

Conclusion This study demonstrated a moderate agreement between two methods of measuring MPI. A good correlation of tMPI
with RV ejection fraction and RV fractional area change was found indicating that tMPI might be superior to MPI
Doppler. tMPI is a parameter unaffected by RV geometry and importantly has the advantage of simultaneously
recording the time intervals from the same cardiac cycle.
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Introduction
Pulmonary hypertension (PH) is defined by a mean pulmonary
artery pressure ≥25 mmHg at rest assessed by right heart cathe-
terization.1 Pulmonary arterial hypertension (PAH) also requires a

pulmonary capillary wedge pressure (PCWP) ≤15 mmHg with a
normal or reduced cardiac output.1

The new clinical classification of PH2 identifies six different clini-
cal groups. Most aetiologies of PH are associated with a poor
prognosis.
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The best haemodynamic predictors of prognosis are based on
measures of cardiac output and right ventricular (RV) failure.
The heart responds to a high resistance by increasing pulmonary
arterial pressure to maintain the cardiac output. Since RV function
is afterload dependant, this may result in RV hypertrophy and dila-
tation eventually leading to RV failure and death.3

Echocardiography is the first available imaging modality for
screening for PH but it is challenging due to the complex geometry
of the RV.4,5

A simply measured non-invasive index of myocardial performance
(MPI) has been proposed6–8 for the evaluation of combined systolic
and diastolic ventricular function. This index that can be measured
by both pulsed-wave Doppler and tissue Doppler imaging (TDI),
has been proved to correlate well with invasive procedures such
as catheterization,9 to reflect disease severity and to have prognostic
power for adverse outcomes in patients with idiopathic dilated car-
diomyopathy10 and following mitral valve surgery.11 It has been
shown that MPI has high sensitivity and negative predictive value
for detecting abnormal RV systolic function.12 However, TDI has
been more frequently used for RV and left ventricle instead of the
conventional approach.8 When TDI is performed on the lateral
aspect of the tricuspid annulus, it allows the evaluation of param-
eters required to calculate MPI, namely isovolumic contraction
and relaxation times, as well as ejection time.13

Aims
Our aim was to establish the degree of agreement between con-
ventional and TDI methods of measuring MPI in patients with PH.

Methods

Participants
One hundred and ninety-six consecutive patients with chronic PH
were included in this study. A second group of 37 age-matched
healthy people with pulmonary artery systolic pressure (PASP)
,39 mmHg was included as a control group. All patients underwent
an echocardiographic study between May 2005 and April 2007 at
the echocardiography laboratory of Hammersmith Hospital, after
being referred from the PH Service. Patients were diagnosed by
right heart catheterization, with mean RV systolic pressure
.25 mmHg, pulmonary vascular resistance .3 Wood units and
PCWP ,15 mmHg, to exclude co-existing left ventricular failure.

Exclusion criteria were: incomplete data on echocardiogram, other
rhythm than in sinus rhythm, the presence of a pacemaker or defibril-
lator lead in the right ventricle, severe tricuspid regurgitation,14 com-
plete right or left bundle branch block in order to avoid alterations
in timings of the cardiac cycle due to conduction disturbances,15 and
patients with coexistent left heart disease (impairment of systolic or
diastolic function and valvular disease) to avoid the possible influence
of ventricular interaction.16,17

Echocardiography
Subjects were studied with an ultrasound equipment (Philips Sonos
7500, transducer S3 1.8–3 MHz) equipped with TDI and simultaneous
electrocardiogram recording. Qualitative estimation (visual estimation
of RV impairment according to trabeculation, dilatation, hypertrophy,
and contractility), tricuspid free wall annular plane systolic excursion
(TAPSE), RV peak systolic velocity (S-wave), and MPI were used to

assess RV function. In addition, in 50 patients from the study popu-
lation, RV ejection fraction (RVEF) and fractional area change
(RVFAC) were also evaluated. RVEF was calculated by Simpson’s
method, subtracting end-systolic volume (ESV) from end-diastolic
volume (EDV) divided by EDV: RVEF% ¼ 100 × (EDV2ESV)/EDV.
To determine RVFAC, the RV free wall and septum were traced
from base to apex, and the respective RV areas were determined.
RVFAC was calculated by using the following formula: (end-diastolic
area2end-systolic area)/end-diastolic area.

Conventional Doppler
To measure MPI by conventional pulsed Doppler, the sample was
placed between the tips of the tricuspid leaflets in the four-chamber
view and the ‘a’ interval was measured between cessation and onset
of the tricuspid inflow. The RV inflow was studied placing the
sample just below the pulmonary valve in the short-axis view and
the ‘b’ interval was measured between onset and cessation of the
RV outflow. Doppler tracings were recorded with a sweep-speed of
100 mm/s. No angle correction was made. The sum of isovolumic con-
traction time and isovolumic relaxation time was obtained by subtract-
ing b from a. Therefore, MPI was calculated as (a2b)/b. To account for
variations in heart rate, mean values were obtained by averaging a
minimum of three consecutive cardiac cycles (Figure 1).

Figure 1 Time intervals measured from pulsed Doppler trans-
tricuspid inflow (A) and right ventricular outflow (B): a ¼
isovolumic contraction time + isovolumic relaxation time;
b ¼ right ventricle ejection time; MPI ¼ (a2b)/b.
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Tissue Doppler imaging
Pulsed TDI data were obtained from a 2 mm sample volume placed at
the lateral tricuspid annulus in the apical four-chamber view, recorded
during held end expiration. The resulting velocities were stored in
digital format (ProSolv CardioVascular software, FujiFilm). Filters
were set to exclude high-frequency signals. Gains were minimized to
allow a clear tissue signal with minimal background noise. Tissue isovo-
lumic contraction time (tICT) was measured between cessation of
A′-wave and onset of S-wave; TDI ejection time (tET) was obtained
between onset and cessation of S-wave; TDI isovolumic relaxation
time (tIVR) was obtained between cessation of S-wave and onset of
E′-wave. tMPI was calculated as the sum of tICT and tIVR divided by
ejection time (tICT + tIVR)/(tET) (Figure 2).

Statistical analysis
Statistical analysis was performed using SPSS Version 13.0 (SPSS, Inc.,
Chicago, IL, USA) and MedCalc for Windows, version 9.5.0.0
(MedCalc Software, Mariakerke, Belgium).

Data are expressed as mean value+ SD or median+ SD for non-
parametric variables. Data were assessed for normality using the Kol-
mogorov–Smirnov test. Quantitative variables with a non-parametric
distribution were compared between groups using the Mann–
Whitney U-test. Agreement between MPI measurements taken by con-
ventional Doppler echocardiography and TDI methods were analysed
by Bland–Altman analysis.18 Pearson’s correlation coefficient was used
to assess linear correlation between the MPI and other echocardio-
graphic variables. A P-value of ,0.05 was considered to be statistically
significant. Inter- and intra-observer variability of the TDI measure-
ments were calculated from 50 consecutive patients studied twice as
the difference between two measurements divided by their mean
and is expressed as percentage.

Results

Clinical characteristics of study
and control populations
The studied population consisted of 196 PH patients (67% women,
mean age 51 years, mean PASP: 81+ 24 mmHg) and 37 controls

(58% women, mean age 44, mean PASP 27+7 mmHg). After
applying the exclusion criteria, the final study cohort consisted
of 172 patients. The aetiology for PH was PAH (107 patients),
veno-occlusive disease (1 patient), lung disease (9 patients),
chronic thrombo-embolic PH (45 patients) and PH with unclear/
multi-factorial mechanisms (10 patients).

The baseline characteristics of the study population are presented
in Table 1. The Bland–Altman analysis as Figure 3 illustrates showed
moderate agreement in the PH group between MPI measured by
Doppler and tMPI (the mean difference was 20.02 at 95% intervals
of agreement, absolute difference ¼ 20.32 to 0.29; 95% intervals

Figure 2 Intervals measured from pulsed tissue Doppler
obtained from the lateral tricuspid annulus. tICT, tissue isovolu-
mic contraction time; tET, tissue ejection time; tIVRT, tissue iso-
volumic relaxation time; MPI, myocardial performance index.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Patients data

Characteristics n PH group n Control group

Age (years) 172 51 (16) 37 44.7 (16.4)*

Heart rate (b.p.m.) 172 78 (15)a 37 71.2 (11.2)

Sex (male/female) 172 65/131 37 16/21

TRV (m/s) 172 4.2 (0.72)a 37 2.3 (0.24)*

RVSP (mmHg) 172 81.4 (24.7) 37 27.7 (5.5)*

MPI Doppler 157 0.70 (0.2)a 20 0.24 (0.07)*

tMPI 172 0.70 (0.2) 37 0.25 (0.08)*a

Sm (cm/s) 172 10.38 (2.5)a 35 14.3 (2.3)*

IVRT 172 110.5 (29.2) 37 41.4 (12.5)*

TAPSE (mm) 39 16.3 (3.8) 20 22.8 (0.7)*

Demographics and echocardiographic characteristics of the study population. Data
are mean+ standard deviation. IVRT, isovolumic relaxation time; MPI, myocardial
performance index; RVSP, right ventricular systolic pressure; Sm, peak systolic
tissue Doppler velocity of the lateral tricuspid annulus; SD, standard deviation;
TAPSE, tricuspid annular plane systolic excursion; tMPI, myocardial performance
index by tissue Doppler; TRV, tricuspid regurgitant velocity.
aValues are median (SD).
*P , 0.0001.

Figure 3 Bland and Altman plots for the MPI D (by Doppler)
and tMPI at basal tricuspid lateral annulus for the PH group. The
differences between the methods are displayed against the
average of both measures. The lines represent the mean differ-
ence and 95% interval of agreement in absolute value of the
differences (n ¼ 157).
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of agreement, percentage of average ¼ 246.6 to 40.8%). A good
agreement between both methods was found in the control group
(the mean difference was 20.02 at 95% intervals of agreement,

absolute difference ¼ 20.04 to 0.09; 95% intervals of agreement,
percentage of average ¼ 238.0 to 17.6%) (Figures 3 and 4).

We found statistically significant correlation between qualitative
estimation of RV function and MPI measured by Doppler (r ¼ 0.63;
P , 0.05) and tMPI (r ¼ 0.58; P , 0.05). In contrast, the corre-
lation between MPI Doppler and RVFAC was not significant
(r ¼ 20.30; P ¼ 0.05). A weak negative correlation was found
between MPI Doppler and RVEF (r ¼ 20.43; P ¼ 0.004). In
relation to tMPI, we found a good significant correlation with
RVEF (r ¼ 20.73; P , 0.0001) and with the RVFAC (r ¼ 20.58;
P , 0.0001) (Figure 5 and Table 2).

Intra- and inter-observer variability
Intra- and inter-observer variability was performed in 50 consecu-
tive PH patients with the degree of RV systolic impairment and tri-
cuspid regurgitant velocity blinded to the operators.

For the tricuspid lateral annulus tMPI timing measurements (a
and b intervals), inter-observer variability was 10+2.2% and
4.0+0.2%, respectively. For the MPI Doppler (a and b intervals),
the inter-observer variability was 7.5+0.2 and 8.7+3.2%,
respectively. Inter-observer variability for MPI Doppler and tMPI
was 13+0.4 and 11+0.3%, respectively.

The intra-observer variability for MPI Doppler and tMPI was
10+ 0.25 and 8+0.24%, respectively. For the tMPI timing
measurements (a and b intervals), intra-observer variability was
5.8 + 1.2% and 3.8+0.4%, respectively, whereas for the MPI
Doppler the variability was 7.9+3.2 and 10+0.5%, respectively.

Discussion
RV dysfunction is a key element in determining prognosis of
patients with chronic PH. MPI appears to be a promising parameter
for predicting global myocardial function.19– 22 Moreover, the accu-
racy of echocardiography for the detection of PAH increases when
the echocardiographic PASP is combined with an elevated RV
MPI.23

The existing qualitative parameters for the assessment of RV
function have some limitations. However, RVFAC and RVEF
might be useful for an estimate of global function. Although,
these techniques have some limitations particularly in patients
with distorted RV shape. Tricuspid systolic annular motion may
provide a simple method for global RV systolic functional assess-
ment with a good correlation with RVEF as assessed by radio-
nuclide angiography.24 However, it has been described that in
the presence of severe tricuspid regurgitation, a significant

Figure 5 Correlation of MPI with right ventricular ejection
fraction in the PH group (n ¼ 50).

Figure 4 Bland and Altman plots for the MPI D (by Doppler)
and tMPI at basal tricuspid lateral annulus for the control group.
The differences between the methods are displayed against the
average of both measures. The lines represent the mean differ-
ence and 95% interval of agreement in absolute value of the
differences (n ¼ 20).
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Table 2 Correlations

MPI method RVFAC (n 5 50) RV ejection fraction (n 5 50) Sm (n 5 157) TAPSE (n 5 39)

MPI Doppler r ¼ 20.30; P ¼ 0.05 r ¼ 20.43; P , 0.0004 r ¼ 20.18; P , 0.05 r ¼ 20.34; P , 0.05

tMPI r ¼ 20.58; P,0.0001 r ¼ 20.73; P , 0.0001 r ¼ 20.23; P , 0.05 r ¼ 20.30; P ¼ 0.05

Correlations of MPI with RVEF and RVFAC, for the different methods of obtaining MPI in patients with pulmonary hypertension. MPI, myocardial performance index; RVFAC, right
ventricular fractional area shortening; Sm, peak systolic tissue Doppler velocity of the lateral tricuspid annulus; TAPSE, tricuspid annular plane systolic excursion; tMPI, myocardial
performance index by tissue Doppler.
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amount of RV mechanical delay may be present resulting in smaller
TAPSE values.25

Conventional measurement of MPI requires the recording of trans-
tricuspid inflow velocities and RV outflow during separate cardiac
cycles. Because of the need to average the measurements of the inter-
vals of several cardiac cycles, MPI Doppler reproducibility may be
reduced. Moreover, although the velocity ratio of E- and A-waves
have proved to be useful indicators for the evaluation of diastolic
function in the RV, these velocities may not be adequately assessed
during tachycardia and may also be affected by loading conditions.26

TDI is used in echocardiography to measure the motion (vel-
ocity) of the myocardial tissue. Moreover, TDI may be superior
to blood flow Doppler, as it reflects the functional status of the
myocardium directly, is less subject to background noise and also
provides information about systolic and diastolic time intervals in
the same cardiac cycle.13,27 tMPI eliminates the problem of variabil-
ity based on changing heart rate, which is inherent in the pulsed
Doppler method, because the RV inflow and outflow are not
recorded simultaneously by pulsed Doppler.

Although there have been some attempts to validate TDI as a
method for measuring RV MPI, the sample size is frequently a
limitation.

Our study shows a moderate agreement between tMPI and con-
ventional MPI26 in patients with PH of various aetiologies. Further-
more, similar results were found in healthy subjects.
Echocardiographic studies should always report which method
has been used to calculate MPI and the same method should be
applied in future studies in the same patient.

In the subgroup of 50 patients with PH, we found that tMPI had
a better correlation with RVEF (r ¼ 20.73; P , 0.0001) when
compared with conventional MPI.

With regards to reproducibility data, we found that the variability
of measuring conventional MPI from the same recording appeared
not to depend on the observer as shown in previous studies.28

According to previous research, RV dysfunction maybe influ-
enced by LV performance due to ventricular interdependence.29

Therefore, it is important to emphasise that we did not include
patients with PH due to left heart disease.

It is well known that there may be regional heterogeneity in RV
function and that MPI may not account for regional myocardial
function. Nevertheless, sampling from apical RV free wall regions
may be problematic. An adequate alignment between the ultra-
sound beam and the main vector direction of wall motion is
necessary in order to obtain an accurate determination of myocar-
dial peak velocities and, to a lesser degree, time intervals.30

Overall, there should be caution deriving definitive conclusions
particularly in patients with PH and all echocardiographic indices
should be taken into consideration.31

Study limitations
The first limitation of this study is the presence of a heterogeneous
population of patients who were not divided into groups with
regards to etiology. Secondly, cardiac magnetic resonance was
not used as a comparator for the estimation of RV function.
Thirdly, we did not use angle correction to the measurement of
either TDI or pulsed Doppler. We do not believe that this is a

major source of error since we were measuring time intervals
that are minimally affected by angle of incidence.

Conclusion
MPI measured by tissue Doppler is a simple and quick parameter
that can be used in patients with chronic PH to assess global RV
function with good accuracy. tMPI is a parameter unaffected by
RV geometry and importantly has the advantage of simultaneously
recording the systolic and diastolic velocity patterns from the same
cardiac cycle. Further studies are needed to assess tMPI in the
evaluation and prognosis of patients with PH.
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