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Abstract
Background: Echocardiographic ratio of peak tricuspid regurgitant velocity to the right ventricular outflow tract time-
velocity integral (TRV/TVI rvot) was presented as a reliable non-invasive method of estimating pulmonary vascular 
resistance (PVR). Studies using this technique in patients with moderate to high PVR are scarce. Left ventricular outflow 
tract time-velocity integral (TVI lvot) can be easier to measure than TVI rvot, especially in patients with severe 
pulmonary hypertension (PH) with significant anatomical modifications of the right structures.

Aims: We wanted to determine whether the TRV/TVI rvot and TRV/TVI lvot ratios would form a reliable non-invasive 
tool to estimate PVR in a cohort of patients with moderate to severe pulmonary vascular disease.

Methods: Doppler echocardiographic examination and right heart catheterisation were performed in 37 patients. 
Invasive PVR was compared with TRV/TVI rvot and TRV/TVI lvot ratios using regression analysis. Two equations were 
modelled and the results compared with invasive measurements using the Bland-Altman analysis. Using receiver-
operating characteristics curve analysis, a cut-off value for the two ratios was generated.

Results: Correlation coefficients between invasive PVR and TRV/TVI rvot then TRV/TVI lvot were respectively 0.76 and 
0.74. Two new equations were found but the Bland-Altman analysis showed wide standard deviations (respectively 3.8 
and 3.9 Wood units). A TRV/TVI rvot then TRV/TVI lvot ratio cut-off value of 0.14 had a sensitivity of 93% and a specificity 
of 57% for the first and a sensitivity of 87% and a specificity of 57% for the second to determine PVR > 2 Wood units.

Conclusion: Echocardiography is useful for the screening of patients with pulmonary hypertension and PVR > 2 WU. It 
remains disappointing for accurate assessment of high PVR. TVI lvot may be an alternative to TVI rvot for patients for 
whom accurate TVI rvot measurement is not possible.

Introduction
Assessment of pulmonary vascular resistance (PVR) is
crucial in the diagnosis and management of cardio pul-
monary diseases such as pulmonary arterial hypertension
(PH). Invasive measurement of PVR by right heart cathe-
terisation remains the gold standard method [1,2].
Echocardiographic estimation of PVR using the ratio of
peak tricuspid regurgitant velocity (TRV) to the right
ventricular outflow tract time-velocity integral (TVI rvot)
was presented as a reliable non-invasive method to deter-

mine PVR [3]. While the ability of Doppler measurement
appeared criticable in patients with high PVR [4], few
studies have evaluated the TVR/TVI rvot ratio in these
cohorts of patients. Left ventricular outflow tract time-
velocity integral (TVI lvot) can be easier to measure than
TVI rvot, especially in patients with severe PH with
important anatomical modifications of the right struc-
tures which may make accurate measurements of the TVI
rvot difficult. Nevertheless TRV/TVI lvot was never
tested as an alternative to TRV/TVI rvot.

We aimed to determine whether the TRV/TVI rvot
ratio would form a reliable non-invasive tool to estimate
PVR in a cohort of patients with moderate to severe pul-
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monary vascular disease and whether TRV/TVI lvot ratio
could be an alternative.

Methods
Study population
Patients monitored in our Pulmonary Hypertension cen-
tre were prospectively recruited. All patients underwent
right-heart catheterisation within 24 hours (mean time: 6
hours) of the time of their echocardiography. Exclusion
criteria included tricuspid regurgitation grade > 2, intra-
cardiac shunt, aortic stenosis or aortic insufficiency grade
> 2 to avoid modifying the TVI rvot or TVI lvot measure-
ment. All subjects gave their written informed consent
for the participation to the study.

Cardiac catheterisation
Patients underwent standard right heart catheterisation
using a Swan-Ganz catheter with jugular or femoral
venous access. The following pressure measurements
were obtained: right atrial pressure (RAP), right ventricu-
lar pressure (RVP), pulmonary artery systolic pressure
(PASP), pulmonary artery diastolic pressure (PADP),
mean pulmonary artery pressure (MPAP) and right pul-
monary capillary wedge pressure (PCWP). Cardiac out-
put (Qp) was determined by thermodilution (mean of
three consecutive measurements without variation >
10%). The PVR was calculated using the formula: PVR =
(MPAP - PCWP)/Qp.

Echocardiography
Echocardiographic assessment was performed using a
Sonos 5500 ultrasound system (Philips®) equipped with
an S3 transducer, before catheterisation. The TVI rvot
(cm) was obtained by placing a pulsed wave Doppler sam-
ple volume just within the pulmonary valve from the
parasternal short axis view. TRV (m/s) was obtained
using continuous wave Doppler from apical 4-chamber,
parasternal and subcostal views and the highest peak
value was retained. TVI lvot was obtained from the apical
5-chamber view by placing a pulsed wave Doppler sample
volume in the left ventricular outflow tract just below the
aortic valve. TVI rvot and TVI lvot were measured 3
times and averaged. Left ventricular ejection fraction
(LVEF) was assessed from an apical 4-chamber view
using the monoplane modified Simpson's rule. All mea-
surements were made off-line. The sonographer was
blinded to the results of cardiac catheterization. Contrast
echocardiography (e.g. agitated saline) was not used.

Statistical analysis
All statistical analyses were performed using StatView
version 5.0. Continuous variables were expressed as mean
± SD. Linear regression analysis was generated between
invasive PVR and TRV/TVI rvot and between invasive

PVR and TRV/TVI lvot, leading to Pearson's correlation
coefficient. Two equations derived from TRV/TVI rvot
and TRV/TVI lvot were obtained. The relation between
calculation of PVR by catheter measurements and Dop-
pler echocardiography with the two methods was
assessed by Bland-Altman analysis. Receiver operating
characteristic curves were generated to determine a cut-
off value for TRV/TVI rvot and for TRV/TVI lvot with
the best sensitivity to predict elevated PVR values (PVR >
2 WU). Linear regression analysis was realized between
invasive cardiac output and TVI rvot then TVI lvot, and
between invasive PASP and TRV, leading to Pearson's
correlation coefficient. 40% of the Doppler images were
re-evaluated to quantify the intra- and inter-observer
reliability by calculating the intraclass correlation coeffi-
cient.

Results
Overall, 37 consecutive patients (mean age 62 ± 12 years,
54% women) , diagnosed with pulmonary hypertension
were enrolled in this prospective cohort between June
2005 and December 2007. Mean PVR was 4.8 ± 3 Wood
units with preserved LVEF (mean LVEF: 66 ± 6%) and
cardiac output. Invasive haemodynamic data are shown
in Table 1. Referral diagnoses were idiopathic pulmonary
hypertension (n = 11), portopulmonary hypertension (n =
7), chronic thromboembolic pulmonary hypertension (n
= 6), pulmonary fibrosis (n = 5), systemic sclerosis (n = 5)
and chronic obstructive pulmonary disease (n = 3). Clini-
cal and echocardiographic data are resumed in Table 2.
Most patients presented dilated right atrium and ventri-
cle. Systolic velocity of the tricuspid annulus with Dop-
pler tissue imaging was lower to 11.5 cm/s in 16 patients.

Linear regression analysis between invasive PVR and
TRV/TVI rvot demonstrated good correlation for all
patients (r = 0.76; p < 0.0001). Similarly, good correlation

Table 1: Hemodynamic characteristics of the patients

Measurements Results

PASP (mmHg) 71 ± 24.7

PADP (mmHg) 24.3 ± 8.9

MPAP (mmHg) 37.5 ± 12.8

PCWP (mmHg) 11.6 ± 2.8

RAP (mmHg) 9.6 ± 4.8

PVR (WU) 4.8 ± 3

Cardiac Output (L/min) 5.7 ± 2

COPD: Chronic Obstructive Pulmonary Disease; MPAP: Mean 
Pulmonary Artery Pressure; PADP: Pulmonary Artery Diastolic 
Pressure; PASP: Pulmonary Artery Systolic Pressure; PCWP: 
Pulmonary Capillary Wedge Pressure; PVR: Pulmonary Vascular 
Resistances; WU: Wood units; RAP: Right Atrial Pressure. Results 
were expressed as mean ± SD.
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was found between invasive PVR and TRV/TVI lvot (r =
0.74; p < 0.0001) for all patients (Figure 1, Panels A and
B).

The equations derived from these linear regressions
were:

Bland Altman analysis showed a homogeneous distri-
bution with a difference of ± 3.8 Wood units for the equa-
tion using VTI rvot and ± 3.9 Wood units for that using
VTI lvot (Figures 2, Panels A and B). A TRV/TVI rvot
cut-off value of 0.14 provided a sensitivity of 93% with a
specificity of 57% to determine PVR > 2 WU (area under
the curve = 0.85). The same cut-off value of 0.14 for the
ratio TRV/TVI lvot provided a sensitivity of 87% with a
specificity of 57% (area under the curve = 0.82) (Figure 3,
Panels A and B).

TRV in echocardiography and invasive PASP had a
good correlation (R = 0.8). Correlation between invasive
cardiac output and TVI rvot or TVI lvot was poor
(respectively R = 0.37 and R = 0.44).

The intraclass coefficient correlation for the intra- and
inter-observer reliabilities were 0.99 for both.

Discussion
We found that TRV/TVI rvot and TRV/TVI lvot deter-
mined by transthoracic echocardiography were signifi-
cantly correlated with invasive PVR in a cohort of
patients with moderate and high PVR. However, the
agreement between PVR determined by echocardiogra-
phy and invasive PVR was poor.

Echocardiography plays a key role in the diagnosis,
prognosis and follow-up of patients with PH. PASP mea-
surement should ideally be completed by a PVR estima-
tion [5]. First proposal of Doppler assessment of PVR was
very interesting, showing excellent correlation with inva-
sive measurements in patients with near normal or mod-
erate level of right pressure and PVR [3]. Of the
echocardiographic methods used to assess PVR, equa-PVR TRV TVI rvot= × −21 4 0 5. ( / ) . (a)

PVR TRV TVI lvot= × −32 8 1 8. ( / ) . (b)

Figure 1 Linear regression analysis showing correlation between PVR by catheterization in Wood units (WU) and ratios TRV/TVI rvot (Panel 
A) and TRV/TVI lvot (Panel B) obtained by echocardiography. PVR = Pulmonary vascular resistance; TRV/TVI lvot = Peak tricuspid regurgitant ve-
locity/Left ventricular outflow tract time-velocity integral; TRV/TVI rvot = Peak tricuspid regurgitant velocity/Right ventricular outflow tract time-veloc-
ity integral; WU = Wood units.
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Table 2: Clinical and echocardiographic characteristics of 
the patients

Characteristics Results

WHO functional class:

- I n = 2

- II n = 16

- III n = 15

- IV n = 4

Rest rhythm:

- atrial fibrillation n = 5

- sinusal rhythm n = 32

RAP (mmHg) 8.3 ± 3.9

PASP (mmHg) 64 ± 19.5

Right atrial area (cm2) 21 ± 6

Right ventricular end-
diastolic diameter (cm)

3.8 ± 0.6

Tricuspid annular plane 
systolic excursion (cm)

2.1 ± 0.5

Systolic velocity of the 
tricuspid annulus (cm/s)

12.4 ± 2.8

PASP: Pulmonary Artery Systolic Pressure; RAP: Right Atrial 
Pressure.
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tions using the ratio TRV/TVI rvot remain the simplest
and the most widely used. Nevertheless, studied in
patients with high pulmonary pressure and PVR levels,
the accuracy of this Doppler ratio in a practical daily
activity was poor. In agreement with our results, TRV/
TVI rvot was reported to be correlated significantly with

invasively-determined PVR in populations with a similar
level of PVR [4,6]. Using a cut-off value of 0.14 for these
two ratios, patients with PVR greater than 2 Wood units
could be identified with high sensitivity but poor specific-
ity. This cut-off value remained close to previous values
reported by several studies using TRV/TVI rvot [3,4,7].

Figure 2 Bland Altman analysis showing the limits of agreement between PVR obtained by catheterization and PVR obtained by echocar-
diography with TVI rvot (Panel A) and with TVI lvot (Panel B). PVR = Pulmonary vascular resistance; TRV/TVI lvot = Peak tricuspid regurgitant ve-
locity/Left ventricular outflow tract time-velocity integral; TRV/TVI rvot = Peak tricuspid regurgitant velocity/Right ventricular outflow tract time-
velocity integral; WU = Wood units.
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Figure 3 Receiver operating characteristics (ROC) curves showing a sensitivity of 93% with a specificity of 57% for a TRV/TVI rvot cutoff val-
ue of 0.14 (Panel A, area under the curve = 0.85; p = 0.005) and a sensitivity of 87% with a specificity of 57% for a TRV/TVI lvot cutoff value 
of 0.14 (Panel B; area under the curve = 0.82; p = 0.009) to determine PVR > 2 WU. PVR = Pulmonary vascular resistance; TRV/TVI lvot = Peak 
tricuspid regurgitant velocity/Left ventricular outflow tract time-velocity integral; TRV/TVI rvot = Peak tricuspid regurgitant velocity/Right ventricular 
outflow tract time-velocity integral; WU = Wood units.
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While the TRV/TVI rvot may help to identify patients
who have high PVR, we failed to calculate the PVR pre-
cisely. The inaccuracy of echocardiography to determe
PVR was nevertheless emphasized, especially in patients
with severe PH. This may be explained by the accumula-
tion of potential sources of error in the estimation of PVR
by echocardiography in these patients. In case of severe
PH, in fact, small variations of TRV cause large changes
in PASP value (since the modified Bernoulli equation is
applied to TRV); and precise estimation of right atrial
pressure may be more difficult when it is high. Rajagol-
opan et al. used this method to demonstrate that there
was no linear or logarithmic relationship between TRV/
TVI rvot and PVR in patients with PVR > 8 Wood units
[4]. Only Abbas et al. were able to report good agreement
between invasive PVR and PVR evaluated by echocar-
diography in a cohort of patients less severe than ours
with a mean PVR of 2 Wood units [3]. The threshold of 2
WU to determine pulmonary arterial hypertension is
questionable and varies between studies [3-5,7-9]. Con-
sidering the weak specificity of PVR measurements by
echocardiography and the poor prognosis of patients
with PH, we think that it is important to choose the lower
limit in order to minimise the number of false negatives.

Our results did not demonstrate any advantage derived
by the use of both TVI rvot and TVI lvot. We estimate the
best practical approach remains the use of TVI rvot in
first intention as TRV/TVI rvot has more physiological
basis than TRV/TVI lvot. Correct alignment of the ultra-
sound beam is a vital factor to ensure adequate determi-
nation of TVI rvot. Sometimes anatomical variations of
the right-heart structures may make difficult accurate
measurements of the TVI rvot in patients with PH, with a
risk to introduce significant errors in right ventricular
stroke volume estimation. Using TVI lvot to estimate
right ventricular stroke volume may give more acurate
estimation and may be an alternative, provided that no
significant cardiac shunt or aortic valvulopathy are pres-
ent.

While TRV in echocardiography and invasive PASP had
a good correlation, correlation between invasive cardiac
output and Doppler measurement (ie TVI rvot , TVI lvot)
remained weak. Limits of our equations seems to be the
assimilation of TVI to the cardiac output and not local-
ization of its measurement. Contrary to a recent work
which considered heart rate to estimate non invasively
PVR [10], we did not take account the heart rate in equa-
tion. This may explain the low detected correlation
between the cardiac output and the TVI lvot or TVI rvot.

Right heart catheterisation is indicated in all patients
with suspected PH to confirm the diagnosis, assess the
severity and test the vasoreactivity of the pulmonary cir-
culation [2] but screening of these patients was previously

done by echocardiography. PASP and tricuspid regurgita-
tion velocity are recommanded for screening but could be
inaccurate in some patients [2,5]. Estimation of echocar-
diographic PVR with ours equations increases sensibility.
TVI rvot have to be used first being more validated in the
literature [3-7,10,11] but TVI lvot remains an alternative.

Limits
Echocardiography and right heart catheterization were
not performed simultaneously in this study. We tried to
minimize this potential source of error by performing the
echocardiography before the invasive measurements
under comparable loading conditions. Measurements of
cardiac output using thermodilution may be problematic
due to tricuspid regurgitation.We are aware of a quite sig-
nificant fraction of patient with severe pulmonary hyper-
tension were excluded of our study because of tricuspid
regurgitation grade > 2. As severe tricuspid regurgitation
is a well known pitfall of thermodilution cardiac output
measurement, we prefered exclude these patients in order
to obtain the most reliable invasive cardiac output.

Conclusion
While TRV/TVI rvot and TRV/TVI lvot determined by
transthoracic echocardiography significantly correlates
with invasive PVR, accurate measurement of PVR by
echocardiography remains disappointing, especially in
case of a high level of PH. However, echocardiography
can identify patients with PVR greater than 2 Wood units
with high sensitivity and remains a clinically useful tool
when screening patients with PH and high PVR.

Abbreviations
COPD: Chronic obstructive pulmonary disease; LVEF: Left ventricular ejection
fraction; MPAP: Mean pulmonary artery pressure; PH: Pulmonary arterial hyper-
tension; PADP: Pulmonary artery diastolic pressure; PASP: Pulmonary artery sys-
tolic pressure; PCWP: Pulmonary capillary wedge pressure; PVR: Pulmonary
vascular resistance; Qp: Cardiac output; RAP: Right atrial pressure; TRV: Peak tri-
cuspid regurgitant velocity; TVI lvot: Left ventricular outflow tract time-velocity
integral; TVI rvot: Right ventricular outflow tract time-velocity integral; WU:
Wood unit

Competing interests
The authors declare that they have no competing interest.

Authors' contributions
VR participated in the echocardiographic measurements and drafted the man-
uscript. FL participated in the echocardiographic measurements and corrected
the manuscript. AP and SG participated in the echocardiographic measure-
ments. RS and TL carried out the right heart catheterisations. EB, PM and GG
participated in the design and the coordination of the study. ES conceived the
study, performed the statistical analysis and participated in its design and coor-
dination. All authors have read and approved the final manuscript.

Author Details
1Department of Cardiology, University Hospital of Caen, 14033 Caen Cedex, 
France and 2Department of Pneumology, University Hospital of Caen, 14033 
Caen Cedex, France

Received: 18 March 2010 Accepted: 7 June 2010 
Published: 7 June 2010
This article is available from: http://www.cardiovascularultrasound.com/content/8/1/21© 2010 Roule et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Cardiovascular Ultrasound 2010, 8:21

http://www.cardiovascularultrasound.com/content/8/1/21
http://creativecommons.org/licenses/by/2.0


Roule et al. Cardiovascular Ultrasound 2010, 8:21
http://www.cardiovascularultrasound.com/content/8/1/21

Page 6 of 6
References
1. Chemla D, Castelain V, Herve P, Lecarpentier Y, Brimioulle S: 

Haemodynamic evaluation of pulmonary hypertension.  Eur Respir J 
2002, 20(5):1314-1331.

2. Galie N, Hoeper MM, Humbert M, Torbicki A, Vachiery JL, Barbera JA, 
Beghetti M, Corris P, Gaine S, Gibbs JS, 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).  European heart journal 2009, 30(20):2493-2537.

3. Abbas AE, Fortuin FD, Schiller NB, Appleton CP, Moreno CA, Lester SJ: A 
simple method for noninvasive estimation of pulmonary vascular 
resistance.  Journal of the American College of Cardiology 2003, 
41(6):1021-1027.

4. Rajagopalan N, Simon MA, Suffoletto MS, Shah H, Edelman K, Mathier MA, 
Lopez-Candales A: Noninvasive estimation of pulmonary vascular 
resistance in pulmonary hypertension.  In Echocardiography Volume 26. 
Issue 5 Mount Kisco, NY; 2009:489-494. 

5. Ulett KB, Marwick TH: Incorporation of pulmonary vascular resistance 
measurement into standard echocardiography: implications for 
assessment of pulmonary hypertension.  In Echocardiography Volume 
24. Issue 10 Mount Kisco, NY; 2007:1020-1022. 

6. Vlahos AP, Feinstein JA, Schiller NB, Silverman NH: Extension of Doppler-
derived echocardiographic measures of pulmonary vascular resistance 
to patients with moderate or severe pulmonary vascular disease.  J Am 
Soc Echocardiogr 2008, 21(6):711-714.

7. Farzaneh-Far R, McKeown BH, Dang D, Roberts J, Schiller NB, Foster E: 
Accuracy of Doppler-estimated pulmonary vascular resistance in 
patients before liver transplantation.  The American journal of cardiology 
2008, 101(2):259-262.

8. Ebeid MR, Ferrer PL, Robinson B, Weatherby N, Gebland H: Doppler 
echocardiographic evaluation of pulmonary vascular resistance in 
children with congenital heart disease.  J Am Soc Echocardiogr 1996, 
9(6):822-831.

9. Scapellato F, Temporelli PL, Eleuteri E, Corra U, Imparato A, Giannuzzi P: 
Accurate noninvasive estimation of pulmonary vascular resistance by 
Doppler echocardiography in patients with chronic failure heart 
failure.  Journal of the American College of Cardiology 2001, 
37(7):1813-1819.

10. Haddad F, Zamanian R, Beraud AS, Schnittger I, Feinstein J, Peterson T, 
Yang P, Doyle R, Rosenthal D: A novel non-invasive method of 
estimating pulmonary vascular resistance in patients with pulmonary 
arterial hypertension.  J Am Soc Echocardiogr 2009, 22(5):523-529.

11. Kouzu H, Nakatani S, Kyotani S, Kanzaki H, Nakanishi N, Kitakaze M: 
Noninvasive estimation of pulmonary vascular resistance by Doppler 
echocardiography in patients with pulmonary arterial hypertension.  
The American journal of cardiology 2009, 103(6):872-876.

doi: 10.1186/1476-7120-8-21
Cite this article as: Roule et al., Echocardiographic assessment of pulmonary 
vascular resistance in pulmonary arterial hypertension Cardiovascular Ultra-
sound 2010, 8:21

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12449189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19713419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12651052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19054039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18001353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18187297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18178418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8943442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11401116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19307098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19268748

	Abstract
	Background
	Aims
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Study population
	Cardiac catheterisation
	Echocardiography
	Statistical analysis

	Results
	Discussion
	Limits

	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Author Details
	References



