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Aims

Transthoracic echocardiography is a useful technique for non-invasive detection of pulmonary arterial systolic pressure (PASP). Isovolumic relaxation time (IVRT) measured by Doppler tissue imaging (DTI) is a sensitive measurement
of changes in pulmonary vasculature. Our aim was to validate IVRT in the echocardiographic assessment of pulmonary hypertension (PH) patients.
.....................................................................................................................................................................................
Methods
We studied 196 PH patients (67% women, mean age 51.8 + 16.6 years, mean PASP: 81 + 24 mmHg) and 37 conand results
secutive age- and sex-matched controls (58% women, mean age 44.7 + 16.4 years, mean PASP
27.7 + 5.5 mmHg). The estimation of PASP was derived from tricuspid regurgitation velocity according to the
Bernoulli equation. The measurement of IVRT was calculated using pulsed tissue Doppler. In the PH group and in
the healthy volunteers group (P , 0.0001), the average IVRT was 113.4 + 28.5 ms [95% confidence interval (CI):
109 –117] and 41 + 12.5 ms (95% CI: 37–45), respectively. We found a strong correlation between IVRT and systolic
pulmonary pressure in the PH group (r ¼ 0.52, P , 0.0001) and a cut-off of 75 ms showed a sensitivity and specificity
of 94% and 97%, respectively, for the prediction of elevated PASP.
.....................................................................................................................................................................................
Conclusion
The determination of IVRT by DTI is a simple and reproducible method that correlates well with PASP. It is, therefore, a parameter to consider in the echocardiographic assessment of patients with PH, and may be particularly
important when the tricuspid Doppler signal is poor.
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Introduction
Pulmonary hypertension (PH) is characterized by elevated pulmonary arterial pressure (PAP) and impaired right ventricular (RV)
function. The assessment of the PAP is of importance in the
screening for disease and in its monitoring and prognosis, since
persistent PH with right heart failure is related to a significant
increased risk of death.1 – 3 Transthoracic echocardiography is an

excellent method for non-invasive detection of pulmonary arterial
systolic pressure (PASP), using the tricuspid regurgitation velocity
(TRV) and the equation of Bernoulli.4 – 8 However, this measurement depends on a good tricuspid regurgitation signal, which is
not present in all patients.7,9 – 11
Pulsed Doppler tissue imaging (DTI) is a relatively new
echocardiographic technique that provides information on
the velocities and intervals from the myocardial wall. Typically,
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Methods
Participants
One hundred and ninety-six consecutive chronic PH patients, who
were referred from the National Pulmonary Hypertension Service of
our hospital between May 2005 and April 2007, were evaluated retrospectively. All patients underwent an echocardiographic study at the
echocardiography laboratory of Hammersmith Hospital. Patients
were diagnosed by right heart catheterization, with the mean PA pressure .25 mmHg, pulmonary vascular resistance more than 3 Wood
units, and pulmonary capillary wedge pressure ,15 mmHg, to
exclude co-existing left ventricular failure.
Exclusion criteria were: incomplete data on echocardiogram, other
rhythm than sinus rhythm, the presence of a pacemaker or defibrillator
lead in the RV, severe tricuspid regurgitation,18 complete right or left
bundle branch block in order to avoid alterations in timings of the
cardiac cycle due to conduction disturbances,19 and patients with coexistent left heart disease (impairment of systolic or diastolic function
and valvular disease) to avoid the possible influence of ventricular
interaction.18,20,21
A second group of 37 consecutive age- and sex-matched healthy
people with PASP ,39 mmHg11 was included as a control group.
The PASP was estimated by echocardiography based on TRV. The
pressure gradient RV to the right atrium was calculated as 4V 2

according to Bernoulli’s equation, where V is the peak velocity of the
TR jet.3,4 The PASP was estimated using the equation PASP ¼ 4V 2 +
RA pressure. The right arterial pressure (RAP) was derived from the
inferior vena cava diameter and degree of respiratory collapse. The duration of IVRT was calculated using pulsed tissue Doppler of the lateral
tricuspid annulus and was corrected for heart rate (IVRTc) according to
p
the formula (IVRTc ¼ IVRT/ RR%). All measurements were derived
from the mean of three consecutive cardiac cycles (Figure 1).

Echocardiography
Subjects were studied with ultrasound equipment (Philips Sonos 7500,
transducer S3 1.8 – 3 MHz) equipped with DTI. An electrocardiogram
was recorded simultaneously in all subjects. In all patients, qualitative
estimation (composite score of RV impairment according to trabeculation, dilatation, hypertrophy, and contractility), RV peak systolic velocity (S-wave), and myocardial performance index (MPI) were used
to assess RV function.

Conventional Doppler
In order to measure MPI by conventional pulsed Doppler, the sample
was placed between the tips of the tricuspid leaflets in the four chambers’ 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. The sum of isovolumic contraction time and isovolumic relaxation time was obtained by subtracting b from a. MPI was calculated as
(a – b)/b. To account for variations in heart rate, mean values were
obtained by averaging a minimum of three consecutive cardiac cycles.
Doppler tracings were recorded with a sweep speed of 100 mm/s.

Doppler tissue imaging
Pulsed DTI 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 recorded at a
sweep speed of 100 mm/s and stored in digital format for later analysis
(with ProSolv CardioVascular software). To account for variations in
heart rate, three consecutive cycles were recorded and mean values
were obtained. Isovolumic contraction time (tICT) was measured
between cessation of A′ -wave and onset of S-wave; DTI ejection
time (tET) was obtained between onset and cessation of S-wave;
DTI isovolumic relaxation time (tIVR) was obtained between cessation
of S-wave and onset of E′ -wave (Figure 1). Myocardial performance
index (tMPI) was calculated as the sum of IVC time and isovolumic relaxation time divided by ejection time (tICT + tIVR)/(tET). Special attention was paid to keep the best possible alignment between the
tricuspid annulus motion and the ultrasound beam. Filters were set
to exclude high-frequency signals. Gains were minimized to allow a
clear tissue signal with minimal background noise. As IVRT is heart
rate dependent, it was divided by RR time interval (IVRT/RR%).

Statistical analysis

Figure 1 Intervals measured from pulsed tissue Doppler
obtained from the lateral tricuspid annulus. ICTt, tissue isovolumic contraction time; ETt, tissue ejection time; IVRTt, tissue isovolumic relaxation time.

Statistical analysis was performed using SPSS version 19.0 (IBM SPSS
Statistics, USA) and MedCalc for Windows, version 9.5.0.0 (MedCalc
Software, Mariakerke, Belgium).
All data are expressed as mean value + SD. Linear regression analysis was used to compare the pulsed Doppler with the TDI
methods for the measurement of systolic and diastolic time intervals.
Data were assessed for normality using the Kolmogorov– Smirnov
test. Quantitative variables with a non-parametric distribution were
compared between the groups using the Mann– Whitney U-test.
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the signal is composed of DTI systolic wave (Sm), the waves
of early and late diastolic filling (Em, Am), the isovolumetric
relaxation time (IVRT), and isovolumetric contraction time
(IVCT).12 – 14
The RV IVRT is the interval of time from the pulmonary valve
closure to tricuspid valve opening. This parameter can be measured by DTI, and it is sensitive to changes in PAP and heart
rate.15 It has been demonstrated that IVRT correlates well with
invasively measured PASP.16,17
Our aim was to analyse the relationship between IVRT and PASP
non-invasively measured with echocardiography, and validate this
parameter in the echocardiographic assessment of PH patients.
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Validation of the IVRT

Table 1 Demographics and echocardiographic
characteristics of the study population
Characteristics

n

PH group,
mean (SD)/
median (SD)a

n

No PH group,
mean (SD)/
median (SD)a

................................................................................
Sex (M/F)

Figure 3 ROC curve for predicting PASP ≥ 39 mmHg. AUC:
0.992. (95% CI: 109 – 117). Sensitivity: 9.278351e201, specificity :
9.487179e201, odds ratio: 4.454925e203, P , 0.001.

Correlations were examined by Spearman’s correlation model for
non-parametric data. Estimates of the sensitivity and specificity of
IVRT for predicting PASP ≥39 mmHg were assessed by constructing
receiver-operating characteristics (ROC) curves. A P-value of ,0.05
was considered to be statistically significant.

16/21

196

51.8 + 16.6

37

44.7 + 16.4*

Heart rate (bpm)
TRV (m/s)

196
196

76.5 + 14.9a
4.1 + 0.69

37
37

71.2 + 11.2
2.3 + 0.24*

RVSP (mmHg)

196

81.4 + 24.7

37

27.7 + 5.5*

MPI
tMPI

176
196

0.68 + 0.21
0.67 + 0.22a

20
37

0.24 + 0.07
0.25 + 0.08a*

Sm (cm/s)

196

10 + 2.5a

35

14.3 + 2.3*

IVRT (ms)

196

37

41.4 + 12.5*

110.5 + 29.2a

IVRT, isovolumic relaxation time; MPI, myocardial performance index by pulsed
Doppler; RVSP, right ventricular systolic pressure; Sm, peak systolic tissue Doppler
velocity of the lateral tricuspid annulus; SD, standard deviation; tMPI, myocardial
performance index by tissue Doppler; TRV, tricuspid regurgitant velocity.
Values are mean (SD).
a
Values are median (SD).
*P , 0.0001.

37 controls (58% women, mean age 44.7 + 16.4, mean PASP
27 + 5.5 mmHg). The aetiology of PH was PAH (111 patients),
veno-occlusive disease (3 patients), lung disease (22 patients),
chronic thromboembolic PH (54 patients), and PH with unclear/
multifactorial mechanisms (6 patients).
The baseline characteristics of the study population are presented in Table 1.
There was a statistically significant difference in the duration of
IVRT between the patients and healthy volunteers (P , 0.0001).
In the PH group and healthy subjects, the average of IVRT was
113.4 + 28.5 ms [95% confidence interval (CI): 109 –117] and
41 + 12.5 ms (95% CI: 37 –45), respectively.
We found a significant correlation between IVRT and PASP in
the PH group (r ¼ 0.50, P , 0.0001) which was improved with
IVRT/RR% (r ¼ 0.52, P , 0.0001) (Figure 2). IVRT and IVRT/RR%
had a significant correlation both with MPI by DTI and pulsed
Doppler (Table 2).
According to the physiological principle that RAP influences
IVRT,22 when patients with increased estimated mean RAP
(≥15 mmHg) were excluded, the correlation between PASP and
IVRT was improved (r ¼ 0.60 P , 0.01) and an inverse relation
between IVRT and RAP was observed.
When only the healthy volunteers were taken into account,
a significant correlation between IVRT and PASP was found
(r ¼ 0.37, P ¼ 0.02). Furthermore, a stronger correlation was
found with IVRT/RR% (r ¼ 0.48, P ¼ 0.002).
A cut-off of 75 ms IVRT showed a sensitivity and specificity of
94 and 97%, respectively, for the prediction of elevated PASP
(as defined PASP ≥ 39 mmHg) (Figure 3).

Results

Reproducibility

The studied cohort consisted of 196 patients with PH (67% women,
mean age 51 + 16 years, mean PASP: 81.4 + 24.7 mmHg) and

No significant intra- and interobserver variability for the tricuspid
lateral annulus tissue Doppler-derived MPI (a and b intervals) has
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Figure 2 Correlation of IVRT with RV systolic pressure in the
PH group (n ¼ 196).

65/131

Age (year)
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Table 2 Correlations of IVRT with RVSP, myocardial
performance index by tissue Doppler and pulsed
Doppler and Sm wave (peak systolic tissue Doppler
velocity of the lateral tricuspid annulus) in patients
with PH
RVSP (mmHg) MPIt
MPI
Sm (cm/s)
(n 5 196)
(n 5 196) (n 5 176) (n 5 196)

................................................................................
r ¼ 0.50,
P , 0.0001

r ¼ 0.57,
P , 0.001

r ¼ 0.41,
P , 0.001

r ¼ 20.14,
P ¼ 0.04

IVRT/RR%

r ¼ 0.52,
P , 0.0001

r ¼ 0.50,
P , 0.001

r ¼ 0.43,
P , 0.001

r ¼ 20.13,
P ¼ 0.05

MPI, myocardial performance index; Sm, peak systolic tissue Doppler velocity of the
lateral tricuspid annulus; tMPI, myocardial performance index by tissue Doppler.

been shown previously in 50 consecutive PH patients of this
cohort with the degree of RV systolic impairment and TRV
blinded to the operators.23

Discussion
PAP can be estimated using Doppler echocardiography and several
reports suggest that this method is appropriate in 75 –80% of
patients.24,25 In the specific study, we investigated an alternative
echocardiographic method for the estimation of increased PAPs.
Right heart catheterization remains the gold standard technique
for the measurement of PAP,26 and it has been shown that tricuspid regurgitation peak pressure gradient correlates significantly
with PASP after an accurate estimate of RAP.14,27 Using phonocardiography and pulse tracings, Burstin, in 1967, shown that PASP
could be estimated non-invasively by measuring the time interval
between the pulmonary valve closure to the onset of tricuspid
flow. DTI is a relatively new technique which provides the assessment of myocardial motion and time intervals throughout the
cardiac cycle.28 – 30 Several studies have shown the use of IVRT
measured by DTI at the lateral tricuspid annulus to distinguish
patients with increased PASP.15,31
A significant correlation of IVRT with the measurement of invasive
PASP has been demonstrated.15,16,17,32 Abbas et al.22 demonstrated
an inverse relationship between IVRT and RAP, with 80% sensitivity
and 87.7% specificity for IVRT , 59 ms to predict RAP . 8 mm Hg.
Importantly, as described in Brechot et al.31 we have confirmed
that after excluding patients with elevated mean RAP, the correlation between IVRT and PASP was improved (r ¼ 0.60, P , 0.01,
n ¼ 120).
This is the first study to examine the usefulness of the IVRT in
the estimation of PASP in a large PH population with a broad
range of aetiologies.
In our study, IVRT, measured by DTI, was significantly higher in
PH patients than in the group with normal PASP. As IVRT is heart
rate dependent, it was divided by RR time interval (IVRT/RR%).
The correlation of IVRT with RVSP and MPI was good but
improved significantly when IVRT corrected for heart rate was

Study limitations
One of the limitations of this study is the presence of a heterogeneous population of patients who were not divided into groups
with regard to aetiology.
We did not use angle correction to the measurement of IVRT
by DTI. We do not believe that this is a major source of error,
since we were measuring time intervals that are minimally affected
by the angle of incidence.
The previously described33 time delay (inertial interval) between
the end of RV ejection and closure of tricuspid valve has not been
considered, since phonocardiogram or haemodynamic recordings
was not used in the study to evaluate this interval.
Moreover, we did not use ultrasound contrast agents or agitated
saline to enhance technically inadequate TRV signals. This study
was performed by an experienced sonographer (European certification) and we prefer to avoid the overestimation of Doppler velocities with the use of contrast secondary to contrast artefacts.
Lastly, due to the lack of data, we did not compare the estimated
PASP by echocardiography with the right heart catheterization
data, considered the gold standard. It might have provided more
accurate information about the relationship observed between
IVRT and PASP.

Conclusion
The determination of IVRT by DTI is a simple and reproducible
method that correlates very well with RVSP. It is, therefore, a parameter to consider in the echocardiographic assessment of
patients with PH, and may be particularly important when the tricuspid Doppler signal is poor.
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IVRT (ms)

used. As a non-invasive method, IVRT was able to distinguish
between patients with and without PH, regardless of the aetiology.
We identified that an IVRT cut-off of 75 ms provides high sensitivity and specificity for discriminating abnormally elevated pulmonary pressure.
Since DTI is widely available, the signal is relatively easy to obtain
in almost all patients, more studies remain to be done with prospectively validating tissue Doppler techniques and its incorporation into clinical practice.

Validation of the IVRT

The research study complies with the Declaration of Helsinki, and
informed consent was obtained from the subjects. All authors have
read and agree to the manuscript as written.
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31. Bréchot N, Gambotti L, Lafitte S, Roudaut R. Usefulness of right ventricular
isovolumic relaxation time in predicting systolic pulmonary artery pressure.
Eur J Echocardiogr 2008;9:547 – 54.
32. Caso P, Galderisi M, Cicala S, Cioppa C, D’Andrea A, Lagioia G et al. Association
between myocardial right ventricular relaxation time and pulmonary arterial pressure in chronic obstructive lung disease: analysis by pulsed Doppler tissue imaging.
J Am Soc Echocardiogr 2001;14:970 –7.
33. Triffon D, Groves BM, Reeves JT, Ditchey RV. Determinants of the relation
between systolic pressure and duration of isovolumic relaxation in the right ventricle. J Am Coll Cardiol 1988;11:322 –9.

Downloaded from https://academic.oup.com/ehjcimaging/article-abstract/14/1/51/2947843 by guest on 14 July 2020

1. Authors/Task Force Members, Galie N, Hoeper MM, Humbert M, Torbicki A,
Vachiery J-L, Barbera JA et al.. Guidelines for the diagnosis and treatment of pulmonary hypertension: The Task Force for the Diagnosis and Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC) and the
European Respiratory Society (ERS), endorsed by the International Society of
Heart and Lung Transplantation (ISHLT). Eur Heart J 2009;ehp297.
2. Simonneau G, Robbins IM, Beghetti M, Channick RN, Delcroix M, Denton CP
et al. Updated clinical classification of pulmonary hypertension. J Am Coll Cardiol
2009;54 (1, Suppl. 1):S43–54.
3. Gavazzi A, Ghio S, Scelsi L, Campana C, Klersy C, Serio A et al. Response of the
right ventricle to acute pulmonary vasodilation predicts the outcome in patients
with advanced heart failure and pulmonary hypertension. Am Heart J 2003;145:
310 –6.
4. Raymond RJ, Hinderliter AL, Willis PW IV, Ralph D, Caldwell EJ, Williams W et al.
Echocardiographic predictors of adverse outcomes in primary pulmonary hypertension. J Am Coll Cardiol 2002;39:1214 –9.
5. Bossone E, Bodini BD, Mazza A, Allegra L. Pulmonary arterial hypertension: the
key role of echocardiography. Chest 2005;127:1836 –43.
6. Currie PJ, Seward JB, Chan K-L, Fyfe DA, Hagler DJ, Mair DD et al. Continuous
wave doppler determination of right ventricular pressure: a simultaneous
Doppler-catheterization study in 127 patients. J Am Coll Cardiol 1985;6:750 –6.
7. Brecker SJ, Gibbs JS, Fox KM, Yacoub MH, Gibson DG. Comparison of Doppler
derived haemodynamic variables and simultaneous high fidelity pressure measurements in severe pulmonary hypertension. Br Heart J 1994;72:384 – 9.
8. Hatle L, Angelsen BA, Tromsdal A. Non-invasive estimation of pulmonary artery
systolic pressure with Doppler ultrasound. Br Heart J 1981;45:157 –65.
9. Laaban JP, Diebold B, Zelinski R, Lafay M, Raffoul H, Rochemaure J. Noninvasive
estimation of systolic pulmonary artery pressure using Doppler echocardiography
in patients with chronic obstructive pulmonary disease. Chest 1989;96:1258 –62.
10. Torbicki A, Skwarski K, Hawrylkiewicz I, Pasierski T, Miskiewicz Z, Zielinski J.
Attempts at measuring pulmonary arterial pressure by means of Doppler echocardiography in patients with chronic lung disease. Eur Respir J 1989;2:856–60.
11. McQuillan BM, Picard MH, Leavitt M, Weyman AE. Clinical correlates and reference intervals for pulmonary artery systolic pressure among echocardiographically normal subjects. Circulation 2001;104:2797 –802.
12. Hatle L, Sutherland GR. Regional myocardial function—a new approach. Eur Heart
J 2000;21:1337 –57.
13. Ruan Q, Nagueh SF. Clinical application of tissue Doppler imaging in patients with
idiopathic pulmonary hypertension. Chest 2007;131:395 –401.
14. McLean AS, Ting I, Huang SJ, Wesley S. The use of the right ventricular diameter
and tricuspid annular tissue Doppler velocity parameter to predict the presence
of pulmonary hypertension. Eur J Echocardiogr 2007;8:128 –36.
15. Lindqvist P, Waldenstrom A, Wikstrom G, Kazzam E. Right ventricular myocardial
isovolumic relaxation time and pulmonary pressure. Clin Physiol Funct Imaging
2006;26:1–8.

55

