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Abstract

In pulmonary hypertension (PH), measurement of various echocardiographic parameters that 

assess right heart function is recommended by current clinical guidelines. Limited data exists on 

the combined value of clinical and echocardiographic parameters in precapillary PH in the modern 

era of therapy. We examined the association of clinical and echo-cardiographic parameters with 

surrogate outcomes (6-minute walk distance) and hard outcomes (hospitalization or death) in 

patients with precapillary PH. A cohort of patients with an established diagnosis of precapillary 

PH who underwent transthoracic echocardiography at the Duke Echo Lab were prospectively 

enrolled from 2010 to 2014. Univariable and multivariable models were constructed to examine 

the relation of clinical and echo-cardiographic parameters with surrogate and hard outcomes. Of 

the 98 patients with analyzable echocardiograms with good image quality, 85 were woman, mean 

age was 59.4 years, and 47% had ≥World Health Organization functional class III symptoms. The 

mean 6-minute walk distance was 354(±132) m, and 83% were on pulmonary arterial hypertension 

medications. At 24 months, the cumulative incidence rate for hospitalization or death was 47%. In 

univariable analyses, the REVEAL (Registry to Evaluate Early and Long-term PAH Disease 

Management) risk score (HR 1.72 per 1 SD (2.81) increment, 95% CI 1.34, 2.22; p=<0.001), RV 

global longitudinal strain (RVGLS) (HR 1.54 per 1 SD(5.31) worsening, 95% CI, 2.12; p=0.008) 

and log-2 NT proBNP (HR 1.43 per 1-fold increase, 95% CI 1.25, 1.63; p=<0.001) were 

significantly associated with hospitalization or death.
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A growing body of evidence supports the prognostic importance of preclinical impairment 

of right ventricular (RV) function in diseases with precapillary pulmonary hypertension 

(PH),1 such as pulmonary arterial hypertension (PAH). An assessment of RV function may 

allow the identification of high-risk patients before they clinically deteriorate.2 To aid in risk 

assessment, a number of echo-cardiographic and magnetic resonance imaging markers of 

RV function have been developed,3 ranging from qualitative assessments of RV function to 

more recently tested quantitative parameters that have been used in patients with congenital 

heart disease,4,5 pulmonary hypertension,6 and pulmonary embolism.7 Multiple markers of 

RV function have been evaluated for an association with outcomes in patients with PAH. For 

example, RV longitudinal strain (RVLS) has been associated with mortality in PAH,6,8 and 

changes in strain have been associated with a positive therapeutic response.9 With the 

multitude of echocardiographic parameters reporting on right heart function available at the 

bedside and recommended by consensus documents,10 it is unclear which parameters are 

most predictive of outcomes in patients with PAH1 and whether they add value to clinical 

predictors. The objective of this study was to examine the prognostic value of guideline-

recommended echocardiographic parameters, including more novel parameters such as RV 

strain, combined with clinical parameters in relation to clinical outcomes, ranging from 

surrogate end points (6-minute walk distance [6MWD]) to hard end points such as 

hospitalization and death, in patients with precapillary PH.

Methods

This was a single-center, prospective, and observational cohort study. Study participants 

were recruited from the Center for Pulmonary Vascular Disease at Duke. Inclusion criteria 

included subjects with an established diagnosis of precapillary PH, defined as mean PA 

pressure ≥25 mm Hg and PVR ≥3 Woods units, and exclusion criteria including absence of 

significant left heart disease or lung disease. Ninety-eight patients who underwent 

transthoracic echocardiography, the majority of whom had PAH (PCWP ≤15 mm Hg), were 

prospectively enrolled in the study from 2010 to 2014. Patients with significant arrhythmia 

were excluded from the study.

After providing informed consent, study subjects underwent transthoracic echocardiography 

using a predefined imaging acquisition protocol (Supplementary Data). Transthoracic 

echocardiograms were performed using a commercial GE Vivid E9 imaging system (GE 

Vingmed Ultrasound, Horten, Norway) or Philips IE-33 (Bothell, Washington) ultrasound 

equipment. Left ventricular (LV) and RV measurements of function and hemodynamics were 

calculated as per the current American Society of Echocardiography guidelines.2 RV end-

diastolic area and RV endsystolic area in square centimeters were measured in the RV 

focused views. RV fractional area change (RVFAC) was calculated by subtracting RV end-

diastolic area from RV end-systolic area. Pulmonary arterial systolic pressure was calculated 

by the modified Bernoulli equation using the maximum tricuspid regurgitation signal and 

right atrial (RA) pressure as assessed by inferior vena cava (collapsibility).11 LV ejection 

fraction was calculated using the Simpson’s biplane method with end-systolic and end-

diastolic volumes measured in the apical 4 chamber and apical 2 chamber views. Peak 

velocities of early (E) and late (A) diastolic filling were derived from mitral inflow 
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velocities. Peak velocities of e’, a’, and s’ were calculated on tissue Doppler images of the 

lateral tricuspid annulus and the medial and lateral mitral valve annulus.

RV longitudinal strain (RVLS) was calculated offline using vendor-independent image 

analysis software (Tom-Tec 2D Cardiac Performance Analysis, Munich, Germany) on RV-

focused views.12 The RV end-diastolic endocardial border was manually traced along the 

RV free and RV septal walls. RVLS was obtained by averaging basal, mid, and apical strain 

values of the free wall and septal wall (Figure 1). Because the values of RVLS and RV 

global longitudinal strain (RVGLS) are highly correlated, we used the RVLS from a 4 

chamber view as a surrogate for RVGLS.13 LV GLS was calculated using the apical 4, 3, and 

2 chamber views using TomTec Imaging Systems.

Demographics, risk factor data, 6MWD and cardiac catheterization data acquired within 6 

months of date of the study echocardiogram were included in the study. Registry to evaluate 

early and long-term PAH disease management (REVEAL) score was calculated using a 

composite score of World Health Organization (WHO) Group 1 subgroup, renal function, 

sex, age, WHO functional class, systolic blood pressure, heart rate, 6MWD, brain natriuretic 

peptide (BNP), presence of pericardial effusion, pulmonary function test, mean RA pressure, 

and pulmonary vascular resistance. All patients recruited to this study were clinically 

followed at the Duke Center for Pulmonary Vascular Disease. Follow-up information 

regarding hospitalization and death was abstracted by chart review on all patients in 

December 2014, and a subsequent query of Duke University Health System medical data 

using the Duke Enterprise Data Unified Content Explorer in March 2018. The main end 

point studied was the composite of hospitalization or all-cause mortality through 24 months.

Clinical, demographic, and echocardiographic variables were summarized for the 98 

patients. Categorical variables were summarized with counts and proportions, and 

continuous variables were described by their mean (standard deviation, SD) and median 

(interquartile range [Q1 and Q3]). Cumulative event rates for the composite of 

rehospitalization or death at 6, 12, 18, and 24 months after baseline echocardiogram were 

estimated by the Kaplan-Meier method, censoring at the last date known alive. Pearson 

correlation coefficients were calculated to describe correlation between echocardiographic 

parameters and 6MWD.

The investigators identified 25 demographic, clinical, and echocardiographic variables from 

the baseline tables as being of interest based on their relation to RV or LV function. There 

was missing data in 20 of the 25 variables of interest with rates of missingness ranging from 

1% to 16%. Univariable regression analyses was performed on cases with available data. For 

the multivariable regression analysis, a single imputed dataset was created using a fully 

conditional specification.14 We decided a single imputed dataset was sufficient due to the 

low count and rate of missingness in each variable—15 of the 20 covariates with 

missingness had 5 or fewer missing values (of 98 observations).

Cox proportional hazards regression was used to evaluate the relations between covariates of 

interest and days from baseline echocardiogram to earliest occurrence of rehospitalization or 

death, with censoring at the last date known alive. To examine the model assumption of 
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linearity in the log-hazards, a restricted cubic spline was fit to the log-hazard for continuous 

covariates with the mean being the reference value. Due to non-linear log hazards RVFAC 

was transformed into a 3-level categorical variable with cutoffs at 28% and 36%, and due to 

skewness NT-proBNP was log-transformed. All other variables were determined to have 

sufficiently linear log hazards. Cox regression estimates were calculated by maximizing the 

partial likelihood and the Efron method was employed to handle tied event times. Ninety-

five percent confidence intervals (CIs) and Wald chi-square statistics were calculated to 

assess the significance of the estimates at a level of 0.05.

Based on the univariable analysis, the two most statistically significant echocardiographic 

parameters were included in a multivariable model along relevant clinical and demographic 

covariates. A limit on the number of echocardiographic parameters was set to avoid 

overfitting. Harrell’s c-index for the multivariable model was computed and compared to c-

indices of univariably significant predictors. Potential collinearity between covariates was 

assessed using scatterplot matrices and the highly correlated variables were reviewed with 

investigator input to determine which should be considered in the multivariable analysis. The 

linearity of model variables was reassessed with adjustment for all other covariates in the 

multivariable model. Transformations were applied as appropriate.

Statistical analyses were performed in SAS version 9.4 (SAS Institute, Cary, North Carolina) 

and R version 3.1.2. All participants provided informed consent. The study was approved by 

the Duke Institutional Review Board, IRB # Pro00015241.

Results

Of the 101 patients enrolled, 1 patient withdrew and 2 were excluded from the analysis as 

they were found to not have precapillary PH. Of the remaining 98 patients enrolled, 85 were 

woman, 35% were nonwhite, mean age was 59.4 years, and 47% had ≥WHO functional 

class III symptoms. Baseline demographics are summarized in Table 1. The median (Q1 and 

Q3) 6MWD was 390.7 (254.0, 460.9) meters, and 83% of patients were on PAH 

medications. The median (Q1 and Q3) REVEAL risk score, a scoring system for predicting 

survival in PAH, was 7.0(5.0, 9.0). The hemodynamic and echocardiographic characteristics 

of the study cohort are also described in Table 1. Of the echocardiographic parameters, the 

median (Q1 and Q3) RVGLS was −17.9 (−20.7, −14.2), RVFAC was 33.2 (26.1, 38.8), 

tricuspid annular plane systolic excursion (TAPSE) was 1.8 (1.6, 2.3), and estimated right 

ventricular systolic pressure (RVSP) was 63.5 (49.0, 78.0). The median time to first event or 

last follow-up was 721 days (~2 years), with 94% of patients having complete follow-up 

through 24 months. The Kaplan Meier estimate for the composite of hospitalization or death 

at 24 months was 47%, with 45 patients having been either hospitalized (n = 37) and/or died 

(n = 8).

The mean (±SD) 6MWD was 353.6 (±132.35) meters. Pearson correlation coefficients 

revealed that RVGLS (r = −0.36 and p = 0.0005), LVGLS (r = −0.45 and p <0.0001), RVSP 

(r = −0.35 and p = 0.0007), and TAPSE (r = 0.31 and p = 0.0021) were significantly 

correlated with 6MWD. RVFAC (r = 0.19 and p = 0.06) and RV myocardial performance 

index (r = −0.17 and p = 0.11) were not strongly correlated with 6MWD (Table 2).
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In the 98 patients, there were 63 with the composite event during follow-up and 45 with an 

event reported through 24 months. Kaplan-Meir estimates are shown in Table 3. In the 

univariable analysis, the REVEAL risk score (HR 1.72 per 1 SD (2.81), 95% CI 1.34, 2.22; 

p =<0.001), NT proBNP (HR 1.43 per 1-fold increase, 95% CI 1.25, 1.63; p=<0.001), 

RVGLS (HR 1.54 per 1 SD, 95% CI 1.12, 2.12; p = 0.007), TAPSE (HR 0.7 per 1 SD; 95% 

CI 0.53, 0.92; p=0.01) and RVSP (HR 1.39 per 1 SD; 95% CI 1.10, 1.77; p = 0.007) were 

associated with hospitalization or death. Notably, visual assessment of RV function (HR 

3.33 for Severe vs Mild, 95% CI 1.32, 8.36; overall p=0.07), RVFAC (HR 0.93 for ≥ 36 vs < 

28, 95% CI 0.50, 1.70; p=0.92), right atrial (RA) area (HR 1.14 per 1 SD (7.23), 95% CI 

0.90, 1.44; p=0.12), and pericardial effusion (HR 1.46 for <1 cm vs None, 95% CI 0.85, 

2.49; p=0.17) were not associated with outcomes (Table 5).

Finally, a multivariable model was created to include clinically relevant variables noted 

typically on an initial patient encounter, such as age, gender, heart failure class, and heart 

rate, in addition to the echocardiographic parameters that were found to be significant 

predictors of outcome in the univariable analysis, namely RVGLS and RVSP. In this analysis 

RVGLS was independently predictive of outcome (HR 1.44 per 1 SD (5.28) worsening; 95% 

CI 1.03, 2.02; p = 0.03; Table 6). Harrell’s c-indices for the REVEAL risk score and RVGLS 

independently, and for the multivariable model are presented in Table 4. As a sensitivity 

analysis to the assumption of linearity, this same model was refit, substituting continuous 

RVGLS with the categorized version, using GLS <−20 as the reference group. In this 

analysis, the association of RVGLS with outcome was also statistically significant (p = 

0.005), and the hazard ratio estimates suggested results consistent with the analysis where 

we assumed a linear relationship (HR of 1.29, 95% CI 0.69, 2.42 for −20 < GLS < −12.5 vs. 

GLS <-20; and HR of 3.79, 95% CI 1.61, 8.94 for GLS >-12.5 vs GLS <-20). Consistent 

with earlier single center studies,6,8 there was a clear relation between RVGLS and outcome.

Discussion

In PAH, the relation between specific echocardiographic parameters and clinical outcomes 

has been considered in multiple studies6,8,15–18 but it is still relatively unclear as to what 

specific parameters are best suited for use in clinical practice and add information to clinical 

risk scores.1,3 The purpose of our study was to compare and evaluate the association of 

multiple echocardiographic parameters with a commonly used surrogate end point in clinical 

trials, the 6MWD, and hard clinical outcomes, hospitalization and death. Our study revealed 

that RVGLS was independently predictive of outcome, similar to the REVEAL risk score 

but with the benefit of utilizing only noninvasive data. These findings provide a basis for a 

noninvasive algorithm that does not rely on the often unavailable components of the 

REVEAL risk score to predict outcomes.

It is frequently difficult to choose between the multiple approaches to assess RV function on 

an echocardiogram.19 Subjective, or visual, assessment of RV function is performed by 

almost all echo laboratories. In this study, we found no relation between a visual assessment 

of RV function and 6MWD and outcomes. In addition, RVFAC and TAPSE have been 

recommended by current guidelines in assessment of RV function.2 RVFAC has been shown 

to be an independent predictor of heart failure, stroke, and/or mortality in patients after 
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pulmonary embolism.20 However, RVFAC and other measurements such as the LVEI are not 

standard and can be cumbersome to measurement, although LVEI does exemplify 

interventricular interdependence evident in this population.3 In clinical experience, TAPSE 

is simple, easily measured and reproducible.1 However, it reports on tricuspid annular 

motion and basal segment motion and may not describe RV global, free wall or other 

segmental contractile function. TAPSE has previously been reported to be associated with 

outcome and our study corroborates these findings.15,19 It was predictive of 6MWD and was 

statistically significant in univariable analysis (p = 0.0104) in predicting outcomes. RV 

strain, a more global measure of RV function, was also independently predictive of both 

6MWD and hard outcomes[KCP1] [SI2]. [KCP1]TAPSE is now statistically significant in 

univariable analyses. May need to rewrite this last part. [SI2]I have rephrased this statement 

to reflect the significance of TAPSE.

RV speckle tracking strain from echocardiography has emerged as a method to assess 

abnormal RV function in a variety of settings5,6 and has been validated as a viable tool for 

assessment of RV function in pulmonary hypertenstion.21 Given its ability of differentiating 

active motion from passive motion independent of Doppler angle of incidence, it has the 

ability to ascertain decreased function even in the setting of normal contractility. RV strain 

has been previously shown to correlate well with RV ejection fraction by cardiac magnetic 

resonance imaging24 and elevated PA pressures by right heart catheterization.25 It has also 

been shown to predict outcomes in patients with known or suspected PAH and has been 

independently associated with mortality.6,8 Changes in strain on serial echocardiographic 

studies in PAH have also been shown to correlate with survival.9

This work has implications for standardizing and streamlining echocardiographic protocols 

for patients with PAH. Qualitative assessment of RV function and certain quantitative 

assessments appear to be of very limited utility, while RVGLS has now been shown to be 

predictive of outcomes in multiple disease states associated with RV dysfunction. Moreover, 

changes in RVGLS are predictive of outcome in patients with PAH,9 suggesting that further 

studies could test therapy algorithms based on RV function quantified by RVGLS and other 

reproducible measurements of RV function could be useful.

Our study included patients from a single center. Although the reproducibility of RV strain 

as measured by 2-D STE is well established9,22,18,23 there may be variability in vendor to 

vendor software algorithms in calculating strain that has not been explored and requires 

further study. Although use of a single vendor would result in reproducible 2-D STE, site-to-

site variation in the utilization of such software limits the generalizability of the results of 

the present study. Currently there are no commercially available software packages that 

allow RV-specific strain measurements. The measurements made were using LV specific 

algorithms similar to previous studies. The development and testing of such algorithms may 

be important for future use of RVGLS. Additionally, our modest population size limits its 

statistical power.
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Conclusion

Although risk calculators such as the REVEAL risk score provide prognostic information 

for patients with PAH, the data required, such as invasive cardiac catheterization 

measurements, can make routine use of this score difficult in patient follow-up. The present 

study supports RVGLS as a noninvasive parameter that can be used with clinical parameters 

to predict patient outcomes of hospitalization or death.
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Figure 1. 
Representative RV global longitudinal strain curves obtained from RV-focused apical 4 

chamber view. Individual segments are color-coded to correspond to basal, mid, and apical 

lateral/septal walls. (Color version of figure is available online.)
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Table 1

Baseline Characteristics of Study Population of PAH Patients.

Characteristic Total (N=98) Missingness (n (%))

Age (mean ± SD) (years) 59.4 ± 12.77 0 (0.0%)

Women 85 (87%) 0 (0.0%)

Race

 White 62 (65%) 3 (3.1%)

 Black 31 (33%) 3 (3.1%)

6MWD (mean ± SD) (meters) 353.6 ± 132.35 4(4.1%)

WHO Functional Class

 1 1 (1%) 0 (0%)

 2 51 (52%) 0 (0%)

 3 41 (42%) 0 (0%)

 4 5 (5%) 0 (0%)

Medications

PDE5 Inhibitor 48 (49%) 0 (0%)

Endothelin Receptor Antagonist 44 (45%) 0 (0%)

Invasive hemodynamics

Cardiac Index (median (Q1, Q3)) 2.4 (2.0, 3.1) 7 (7.1%)

RA Pressure (mmHg) (median (Q1, Q3)) 9.0 (6.0, 13.0) 8 (8.2%)

PA Mean Pressure (mmHg) (median (Q1,Q3)) 48.5 (39.8, 54.0) 0 (0.0%)

PA Systolic Pressure (mmHg) (median (Q1,Q3)) 75.0(61.0, 87.5) 6(6.1%)

PA Diastolic Pressure (mmHg) (median (Q1,Q3)) 30.5 (23.5, 38.0) 6(6.1%)

PVR (Woods units) (median (Q1, Q3)) 6.9 (4.1, 11.9) 0 (0.0%)

Echocardiographic Parameters

LV Ejection Fraction (%) (median (Q1, Q3)) 59.3 (53.7, 66.3) 11 (11.2%)

RA Area (cm2) (median (Q1, Q3)) 21.0(17.5, 26.3) 0 (0.0%)

RV Fractional Area Change (%) (median (Q1,Q3)) 33.2(26.1,38.8) 2 (2.0%)

RV Global Longitudinal Strain (%) (median (Q1,Q3)) −17.9 (−20.7,−14.2) 3 (3.1%)

TAPSE (cm) (median (Q1, Q3)) 1.8 (1.6, 2.3) 1 (1.0%)

RVSP (mmHg) (median (Q1, Q3)) 63.5 (49.0, 78.0) 6(6.1%)

LV Systolic Eccentricity Index (median (Q1,Q3)) 1.25 (1.09, 1.58) 4(4.1%)

6MWD = six minute walk distance, WHO = World Health Organization, RA = right atrium, PA = pulmonary artery, PVR = pulmonary vascular 
resistance, LV = left ventricle, TAPSE = tricuspid annular plane systolic excursion, RVSP = right ventricular systolic pressure.
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Table 2

Correlation of 6-minute walk distance (6MWD) with echo parameters

Echo variable Pearson correlation (r) p value

Right ventricular longitudinal strain −0.36 0.0005

Left ventricular longitudinal strain −0.45 <0.0001

Right ventricular systolic pressure −0.35 0.0007

Tricuspid annular plane systolic excursion 0.31 0.0021

Right ventricular fractional area change 0.19 0.06

RV myocardial performance index −0.17 0.11
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Table 3

Kaplan-Meier estimates for composite end point of rehospitalization or death

Time postbaseline (months) KM estimate (95% CI) Cumulative no. patients with event

6 20.6% (13.8, 30.1) 20

12 32.2% (23.9, 42.6) 31

18 38.7% (29.7, 49.2) 37

24 47.3% (37.8, 57.8) 45
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Table 4

Harrell’s c-index for three Cox Regression Proportional Hazards models.

Harrell’s Confidence

Model Predictors C-index Interval (CI)

REVEAL risk score 64.5% 57.4%–71.6%

RVGLS 62.4% 54.8%–70.1%

Age, Gender, RVGLS, RVSP, HR 63.8% 56.8%–70.7%

Am J Cardiol. Author manuscript; available in PMC 2019 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Siddiqui et al. Page 15

Ta
b

le
 5

U
ni

va
ri

ab
le

 C
ox

 P
ro

po
rt

io
na

l H
az

ar
ds

 M
od

el
 F

its
. H

az
ar

d 
ra

tio
 e

st
im

at
es

 f
or

 c
on

tin
uo

us
 v

ar
ia

bl
es

 a
re

 f
or

 a
 1

 S
D

 in
cr

em
en

t u
nl

es
s 

in
di

ca
te

d 
ot

he
rw

is
e.

V
ar

ia
bl

e
H

az
ar

d 
R

at
io

95
%

 C
on

fi
de

nc
e 

In
te

rv
al

 (
C

I)
C

hi
sq

 S
ta

ti
st

ic
P

 v
al

ue

A
ge

 (
SD

 =
 1

2.
77

)
1.

11
9

0.
87

0–
1.

43
9

0.
76

76
0.

38
10

R
es

tin
g 

H
R

 (
SD

 =
 1

3.
74

)
1.

24
5

0.
96

8–
1.

60
1

2.
91

73
0.

08
76

G
en

de
r 

(F
em

al
e 

vs
 M

al
e)

0.
64

8
0.

32
9–

1.
27

8
1.

56
70

0.
21

06

R
E

V
E

A
L

 R
is

k 
Sc

or
e 

(S
D

 =
 2

.8
1)

1.
72

3
1.

33
6–

2.
22

2
17

.5
92

2
<

.0
00

1

R
ac

e 
(B

la
ck

 v
s 

W
hi

te
)

1.
01

8
0.

60
6–

1.
71

0
0.

00
45

0.
94

67

LV
E

F 
(S

D
 =

 7
.3

7)
0.

91
1

0.
69

8–
1.

19
0

0.
46

41
0.

49
57

Pe
ak

 T
R

 v
el

oc
ity

 (
SD

 =
 6

1.
58

)
1.

33
1

1.
02

4–
1.

72
8

4.
58

05
0.

03
23

R
A

 a
re

a 
(S

D
 =

 7
.2

3)
1.

14
1

0.
90

4–
1.

44
0

1.
23

25
0.

26
69

R
A

 v
ol

um
e 

(S
D

 =
 4

0.
90

)
1.

10
0

0.
87

3–
1.

38
6

0.
65

02
0.

42
00

R
V

 D
 B

as
e 

(S
D

 =
 0

.6
3)

1.
29

5
1.

02
2–

1.
64

1
4.

59
74

0.
03

20

R
V

 D
 M

id
 (

SD
 =

 0
.7

0)
1.

18
5

0.
92

9–
1.

51
3

1.
86

17
0.

17
24

R
V

 D
L

 (
SD

 =
 0

.9
2)

1.
13

6
0.

87
9–

1.
46

9
0.

95
29

0.
32

90

R
V

G
L

S 
(S

D
 =

 5
.3

1)
1.

54
1

1.
12

1–
2.

11
9

7.
10

37
0.

00
77

LV
G

L
S 

(S
D

 =
 3

.2
3)

1.
46

6
1.

08
4–

1.
98

4
6.

15
30

0.
01

31

TA
PS

E
 (

SD
 =

 0
.5

6)
0.

70
1

0.
53

4–
0.

92
0

6.
56

87
0.

01
04

E
st

 R
A

 p
re

ss
ur

e 
(S

D
 =

 4
.1

9)
1.

20
9

0.
94

6–
1.

54
5

2.
30

25
0.

12
92

E
st

R
V

SP
 (

SD
=

 1
9.

21
)

1.
39

3
1.

09
6–

1.
77

0
7.

35
16

0.
00

67

R
V

O
T

 V
T

I 
(S

D
 =

 4
.9

9)
0.

82
0

0.
62

1–
1.

08
4

1.
94

04
0.

16
36

PA
 a

cc
el

 ti
m

e 
(S

D
 =

 0
.0

5)
0.

82
1

0.
59

1–
1.

14
1

1.
37

44
0.

24
11

L
at

er
al

 T
V

 a
nn

ul
us

 (
SD

 =
 3

.5
1)

0.
85

9
0.

64
2–

1.
14

9
1.

05
11

0.
30

53

LV
 e

cc
en

tr
ic

ity
 in

de
x 

(d
ia

st
ol

e)
 (

SD
 =

 0
.5

9)
1.

03
2

0.
78

5–
1.

35
7

0.
05

15
0.

82
04

LV
 e

cc
en

tr
ic

ity
 in

de
x 

(s
ys

to
le

) 
(S

D
 =

 0
.2

3)
1.

21
9

0.
98

4–
1.

51
1

3.
26

95
0.

07
06

L
og

2(
N

T
 p

ro
B

N
P)

 (
1-

fo
ld

 in
cr

ea
se

)
1.

43
1

1.
25

4–
1.

63
2

28
.3

57
6

<
.0

00
1

R
V

M
PI

 e
qu

at
io

n 
(S

D
 =

 0
.1

3)
1.

09
7

0.
86

9–
1.

38
5

0.
61

04
0.

43
46

T
ri

cu
sp

id
 V

al
ve

 R
eg

ur
gi

ta
tio

n

 
M

ild
 v

s 
T

ri
vi

al
0.

88
4

0.
46

4–
1.

68
4

 
M

od
er

at
e 

vs
 T

ri
vi

al
1.

61
5

0.
83

5–
3.

12
2

 
Se

ve
re

 v
s 

T
ri

vi
al

2.
84

7
1.

27
8–

6.
34

2

Am J Cardiol. Author manuscript; available in PMC 2019 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Siddiqui et al. Page 16

V
ar

ia
bl

e
H

az
ar

d 
R

at
io

95
%

 C
on

fi
de

nc
e 

In
te

rv
al

 (
C

I)
C

hi
sq

 S
ta

ti
st

ic
P

 v
al

ue

 
O

ve
ra

ll 
Te

st
 o

f 
Si

gn
if

ic
an

ce
10

.0
14

9
0.

01
84

Pe
ri

ca
rd

ia
l E

ff
us

io
n 

(<
 1

 c
m

 v
s 

N
on

e)
1.

45
5

0.
85

1–
2.

48
6

1.
88

10
0.

17
02

V
is

ua
l R

V
 f

un
ct

io
n

 
N

or
m

al
 v

s 
M

ild
1.

47
1

0.
80

2–
2.

69
8

 
M

od
er

at
e 

vs
 M

ild
1.

62
8

0.
82

2–
3.

22
5

 
Se

ve
re

 v
s 

M
ild

3.
32

6
1.

32
4–

8.
35

8

 
O

ve
ra

ll 
Te

st
 o

f 
Si

gn
if

ic
an

ce
6.

96
06

0.
07

32

R
V

 F
A

C

 
28

 R
V

 F
A

C
 <

 3
6 

vs
 R

V
 F

A
C

 <
 2

8
1.

04
8

0.
58

0–
1.

89
6

 
R

V
 F

A
C

 3
6 

vs
 R

V
 F

A
C

 <
 2

8
0.

92
5

0.
50

4–
1.

70
0

 
O

ve
ra

ll 
Te

st
 o

f 
Si

gn
if

ic
an

ce
0.

15
80

0.
92

40

Am J Cardiol. Author manuscript; available in PMC 2019 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Siddiqui et al. Page 17

Ta
b

le
 6

M
ul

tiv
ar

ia
bl

e 
an

al
ys

is
 w

ith
 o

nl
y 

cl
in

ic
al

 a
nd

 e
ch

oc
ar

di
og

ra
ph

ic
 v

ar
ia

bl
es

 (
no

t i
nc

lu
di

ng
 R

E
V

E
A

L
 s

co
re

).
 C

on
tin

uo
us

 v
ar

ia
bl

es
 a

re
 s

ta
nd

ar
di

ze
d

V
ar

ia
bl

e
H

az
ar

d 
ra

ti
o

C
on

fi
de

nc
e 

in
te

rv
al

 (
C

I)
C

hi
sq

 s
ta

ti
st

ic
p 

va
lu

e

A
ge

 (
SD

 =
 1

2.
77

)
1.

19
5

0.
91

1 
– 

1.
56

7
1.

65
92

0.
19

77

G
en

de
r 

(f
em

al
e 

vs
 m

al
e)

0.
59

7
0.

30
2–

−
1.

18
1

2.
19

60
0.

13
84

R
V

G
L

S 
(S

D
 =

 5
.2

8)
1.

44
4

1.
02

9 
– 

2.
02

4
4.

52
94

0.
03

33

R
es

tin
g 

H
R

 (
SD

 =
 1

4.
02

)
1.

16
2

0.
88

7 
– 

1.
52

2
1.

18
71

0.
27

59

E
st

im
at

ed
 R

V
SP

 (
SD

 =
 1

8.
80

)
1.

00
7

0.
99

3 
– 

1.
02

1
0.

97
46

0.
32

35

Am J Cardiol. Author manuscript; available in PMC 2019 September 01.


	Abstract
	Methods
	Results
	Discussion
	Conclusion
	References
	Figure 1.
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

