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Appendices
1.Conference Presentations
i. Performance of a novel echocardiographic marker against right heart
catheterization in identifying pulmonary hypertension due to left heart disease
(mini-oral presentation at CSANZ 2017)
Pyi Naing1, Gregory Scalia2, Graham S. Hillis3, Geoff Strange1,4, David Playford1
1

University of Notre Dame Australia, Fremantle, Western Australia,2 Prince Charles

Hospital, Queensland,
3

Royal Perth Hospital, Western Australia, 4Royal Prince Alfred Hospital, Sydney

Hypothesis/Aims
•

Right heart catheterization (RHC) is the current gold standard for evaluation of
patients with pulmonary hypertension (PH); however, it is invasive, not suitable
for all patients, and has associated risk.

•

We aimed to investigate the feasibility and performance of echocardiographic
Pulmonary to Left Atrial Ratio (ePLAR) to differentiate between the two major
physiologies (pre-capillary PH and post-capillary PH) in a large real-world
database containing RHCs and echocardiograms.

•

ePLAR = TRV/E/e’
– ePLAR = Echocardiographic Pulmonary to Left Atrial Ratio
– TRV = Tricuspid Regurgitation Velocity (m/s)
– E/e’ = Ratio of early mitral inflow velocity to early basal septal
relaxation velocity using tissue Doppler

Methods
57

•

A retrospective cohort study was conducted at the Royal Perth Hospital, a
tertiary referral centre for PH patients.

•

RHC data from hospital database and echo data from National Echo Database
Australia (NEDA) were collected and merged.

Results
Variables

Pre-capillary PH

Post-capillary PH

p

(n=18)

(n=105)

values

67 (20) years

67 (20) years

0.99*

Females (%)

61%

44%

0.17#

mPAP,

37 (10) mmHg

37 (9) mmHg

0.94*

12 (3) mmHg

24 (7) mmHg

<0.001*

11 (8) mmHg

1 (7) mmHg

<0.001*

64 (14) % (n=18)

48 (20) % (n=100)

<0.001*

3.6 (0.7) m/s

3.2 (0.6) m/s

0.01*

Mean age
(SD)

mean (SD)
PCWP,
mean (SD)
DPG, mean
(SD)
Ejection
Fraction,
mean (SD)
TRV, mean
(SD)
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14 (7)

20 (9)

0.004*

0.35 (0.2) m/s

0.19 (0.1) m/s

0.004*

Abbas

3.24 (2.2) WU

3.92 (2) WU (n=52)

0.29*

PVRecho

(n=14)

6.49 (3.89) WU (n=52)

0.9*

Mitral E/e’,
mean (SD)
ePLAR,
mean (SD)

(original),
mean (SD)
Abbas

6.66 (5.9) WU

PVRecho

(n=14)

(sharpened),
mean (SD)

Summary & Conclusions
•

ePLAR provides good discriminatory power between pre-and post-capillary PH
(0.35±0.2m/s vs 0.19±0.1m/s, P=0.004).

•

ePLAR performs superiorly to non-invasive PVR assessment in predicting
elevated wedge pressures.

•

ePLAR cut-off of <0.28m/s provided the excellent positive predictive value of
94% for post capillary PH while maintaining good sensitivity of 83% and
specificity of 67%. It also provided the best AUC on the ROC curve analysis.
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ii. NEDA PH-LHD predictive model: Validation of diastolic markers of pulmonary
hypertension with Right Heart Catheterisation (Oral Presentation at CSANZ 2017)
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61

62

63

64
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66

The above abstract presented at the CSANZ ASM 2017 used our data to validate the
NEDA PH-LHD prediction formula. Our data formed important part of the development
of this formula as right heart catheterisation remains the gold standard in PH
evaluation. This abstract fulfilled the secondary objective of the thesis: identification of
echo markers of increased left heart pressure in the setting of PH, i.e., PH-LHD.
iii. Poster Presentation at ASE 2018, June 2018 in Nashville, USA

Differentiating Pre-Capillary and Post-Capillary Pulmonary Hypertension by Doppler Echocardiography in a Large Real-world Database
Pyi Naing1, Graham S. Hillis2, Gregory Scalia3, Geoff Strange1, Jim Codde1, David Playford1.
1University of Notre Dame, Fremantle, WA, Australia; 2University of Western Australia, Perth, WA, Australia; 3University of Queensland, Brisbane, Australia

Background: Pulmonary hypertension (PH) is common, dangerous
and has multiple causes. Vasodilator therapy has significantly
improved the prognosis of patients with pulmonary arterial
hypertension (PAH), but the diagnosis can be challenging, requiring
right heart catheterisation (RHC). Differentiating pre-capillary PH
(prePH) and post-capillary PH (postPH) and measuring pulmonary
vascular resistance (PVR) are key steps for diagnosing PAH. A novel
echocardiographic parameter, the pulmonary to left atrial ratio
(ePLAR), which is derived from the tricuspid regurgitation velocity
(TRV) divided by the ratio between the early diastolic filling velocity
and the early mitral annulus velocity (E/e’), i.e., ePLAR=TRV/E/e’, has
been described as a surrogate for RHC. This retrospective cohort
study tests the ability of ePLAR to differentiate prePH and postPH, in
a large real world database.
The figure depicting how ePLAR is calculated
using the Doppler echocardiography

Methods: The data from all RHC performed within 5 years’ period
(January 2010 to February 2015) was extracted from the Royal Perth
Hospital’s database. The closest corresponding echocardiograms
(echos) were searched in the national echo database Australia (NEDA)
using the identifiers from RHC data.

Results: 887 pairs of echos and RHCs were merged and analysed in our
study. The median time difference between RHC and echocardiography
was 7 (IQR 1-62) days. The ePLAR was calculable in 184 cases (21%).
Median (IQR) ePLAR values were significantly different between prePH and
postPH groups: 0.35 (0.13-0.50) m/s vs 0.17 (0.12-0.23) m/s (P=0.003),
despite both groups having similar mean pulmonary artery pressures. The
optimal ePLAR cut-off of 0.28m/s had a positive predictive value of 94%
for postPH, with sensitivity of 83% and specificity of 67%.
Variables

Age (years)
Female
(percentage)
mPAP (mmHg)
PCWP (mmHg)
DPG (mmHg)
TPG (mmHg)
Cardiac output
(L/min)
PVR (WU)
Ejection Fraction
(%)
LAVI (cm3)
TRVmax(m/s)
Mitral E/e'
ePLAR (m/s)

Pre-capillary PH

Post-capillary PH

P value

N
18
18

Median (IQR)
70 (54-86)
61%

N
Median (IQR)
105 71 (51-84)
105 44%

0.983
0.17

18
18
18
18
4

35 (28-48)
13 (9-14)
10 (4-17)
21 (16-37)
4.6 (4.3-5.4)

105
105
105
105
24

0.912
0.000
0.000
0.000
0.211

4
18

6.4 (4.8-7.1)
68 (61-73)

24 8.6 (6.6-10.5)
100 51 (34-64)

0.057
0.000

Conclusions: ePLAR helps to discriminate postPH from prePH and may be
useful in evaluating these patients.

3
18
18
18

29 (27-N/A)
3.5 (2.9-4.2)
10 (9-22)
0.35 (0.13-0.50)

31
105
105
105

0.008
0.035
0.004
0.003

Reference: Scalia GM, Scalia IG, Kierle R, Beaumont R, Cross DB, Feenstra J,
et al. ePLAR The echocardiographic Pulmonary to Left Atrial Ratio: A novel
non-invasive parameter to differentiate pre-capillary and post- capillary
pulmonary hypertension. Int J Cardiol 2016;212:379–86

36 (30-43)
22 (18-29)
1 (-3-4)
11 (8-17)
4.0 (3.1-4.9)

57 (43-71)
3.2 (2.8-3.5)
19 (14-27)
0.17 (0.12-0.23)

The table comparing demographic, RHC and echo variables between the pre-and
post-capillary pulmonary hypertension patients in whom ePLAR can be calculated.
mPAP= mean pulmonary artery pressure; PCWP= pulmonary capillary wedge
pressure; PVR= Pulmonary Vascular Resistance; DPG= diastolic pulmonary gradient;
TPG= transpulmonary gradient, LAVI= left atrial volume indexed

Graphical comparison of distribution of median ePLAR values, IQR, highest and
lowest values and outliers between the two PH groups
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2. NEDA Data Transfer and Transformation Process
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3. Statistical Calculations
2x2 tables showing specificity, sensitivity and predictive values of different ePLAR
cut-offs to predict postPH
prePH
12
6

ePLAR>0.25
ePLAR<0.25

postPH
23
82

Sensitivity = 82/ (82+23) = 78%
Specificity = 12/ (12+6) = 67%
Positive Predictive Value = 82/ (82+6) = 93%
Negative Predictive Value = 12/ (12+23) = 40%
prePH
12
6

ePLAR>0.28
ePLAR<0.28

postPH
18
87

Sensitivity = 87/ (87+18) =83%
Specificity = 12/ (12+6) = 67%
Positive Predictive Value = 87/ (87+6) = 94%
Negative Predictive Value = 12/ (12+18) = 34%

high ePLAR
low ePLAR

prePH
TN
FP

sensitivity
specificity
PPV
NPV

TP/(TP+FN)
TN/(TN+FP)
TP/(TP+FP)
TN/(TN+FN)

postPH
FN
TP
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Pearson Correlation of ePLAR to DPG, TPG and PVR

Binominal Logistic Regression of ePLAR and other variables that predict
postPH
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