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A B S TRACT   
Background: Right ventricular (RV) pulmonary artery coupling (RVPAC) is a predictor of outcome 
in left-sided heart failure (HF). Several echocardiographic estimates for RVPAC have been proposed. 

Aims: This study aimed to compare multiple non-invasive methods to calculate RVPAC and to assess 
its prognostic role in patients with dilated cardiomyopathy (DCM).  

Methods: We prospectively enrolled 60 stable patients with DCM. RVPAC was estimated using five 
methods: as the tricuspid annular plane excursion/pulmonary artery systolic pressure (PASP) ratio; 
as the RV global longitudinal strain/PASP ratio; as the RV free wall strain (RVFW-LS)/PASP ratio; as 
the three-dimensional (3D) RV ejection fraction (RVEF)/PASP ratio; and as the 3D RV stroke volume 
(SV)/end-systolic volume (ESV) ratio. Patients were followed for a mean period of 18 (9) months for 
the endpoint of HF rehospitalizations.

Results: Twenty-nine patients (48%) reached the endpoint. All RVPAC estimates were more impaired 
in those patients reaching the endpoint (P <0.001 for all) and all predicted rehospitalizations in un-
adjusted analysis. RVFW-LS/PASP and RVEF/PASP remained independent predictors of events, after 
adjustment for clinical and echocardiographic confounders. Using cut-offs obtained from receiver 
operating characteristic (ROC) analysis, we found that patients with RVFW-LS/PASP >–0.40 and 
patients with RVEF/PASP <1.30 had a higher risk of HF rehospitalization (log-rank P = 0.001 and 
P = 0.002, respectively).

Conclusion: RVFW-LS/PASP and RVEF/PASP as non-invasive estimates of RVPAC are independent 
predictors of HF rehospitalization in patients with DCM. 

Key words: dilated cardiomyopathy, right ventricular-pulmonary artery coupling, RVEF/PASP ratio, 
RVFW-LS/PASP ratio

INTRODUCTION
The prognostic role of right ventricular (RV) 
dysfunction in various cardiovascular diseases 
is well established [1–3]. While impaired RV 
performance is a recognized outcome pre-
dictor in left-sided heart disease [4, 5], there 
is growing interest regarding the role of right 
ventriculo-vascular interplay in patients with 
heart failure (HF) [6, 7]. RV-pulmonary artery 
coupling (RVPAC) characterizes the interaction 
between ventricular contractility and its after-
load, thus allowing the evaluation of the RV 

and pulmonary circulation as an anatomically 
and functionally interconnected system [8]. 
The gold standard for RVPAC measurement 
is the ratio between end-systolic RV elastance 
and pulmonary arterial elastance, derived 
from invasive pressure-volume loops [9]. How-
ever, RVPAC can be estimated non-invasively 
using echocardiography and several surrogate 
parameters [10–13]. 

We hypothesized that right ventriculo- 
-vascular decoupling is related to the risk of re-
hospitalization for HF in patients with dilated 
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W H AT  ’ S  NE  W ?
In our study, we compared five different methods for the non-invasive estimation of right ventricular-pulmonary artery cou-
pling (RVPAC) in patients with dilated cardiomyopathy. Patients with exacerbation of heart failure requiring hospitalization 
had significantly more impaired RVPAC. Among the different surrogates of RVPAC, the only two independent event predictors 
were the ratio of right ventricular free wall strain to pulmonary artery systolic pressure, and the ratio of three-dimensional right 
ventricular ejection fraction to pulmonary artery systolic pressure.

cardiomyopathy (DCM). We sought to assess the prognostic 
role of RVPAC in this setting while comparing different 
non-invasive methods for RVPAC estimation — using both 
conventional and advanced echocardiographic techniques 
such as three-dimensional (3D) and speckle-tracking echo-
cardiography (STE).

METHODS

Study population
We prospectively enrolled consecutive outpatients with 
non-ischemic DCM who were referred to our echocardiog-
raphy department between January 2019 and December 
2019. DCM was defined [14] based on the following criteria: 
(1) dilated left ventricle (LV), according to cut-offs from 
the current guidelines of chamber quantification [15];  
(2) Simpson biplane LV ejection fraction (LVEF) <40%; and 
(3) absence of significant coronary artery disease (defined 
as >70% stenosis of a major epicardial vessel). Since the 
right heart is highly dependent on loading conditions, we 
only included patients that were clinically and hemody-
namically stable, with no change in diuretic dose in the 
two weeks before enrollment. We excluded patients with 
poor acoustic window, atrial fibrillation, or inability to hold 
the breath (which would have hampered 3D acquisitions), 
severe tricuspid regurgitation (TR), and cor pulmonale. 
Sixty patients formed the final study cohort. Investigators 
collected demographic and clinical data, including cardio-
vascular risk factors, a New York Heart Association (NYHA) 
class, and brain natriuretic peptide (BNP) levels, when avail-
able. The study protocol, complying with the Declaration 
of Helsinki, was approved by the local ethics committee 
of the Emergency Clinical Hospital of Bucharest, and all 
patients provided written informed consent at enrollment. 

For our study, the endpoint was the first episode of 
HF exacerbation requiring hospitalization. Patients were 
prospectively followed by regular clinical visits and phone 
contact to ascertain the occurrence of the main endpoint, 
and the time of the first rehospitalization was used in our 
survival analysis. The follow-up was conducted for 18 (9) 
months. 

Echocardiographic assessment
We performed comprehensive two-dimensional (2D) echo-
cardiographic examinations for all patients with a Vivid GE 

Vingmed E9 ultrasound machine equipped with an M5S 
probe. Offline data analysis was done using dedicated 
software (EchoPAC BT 12, General Electric Healthcare, Mil-
waukee, WI, USA). For the LV, we assessed the dimensions, 
systolic and diastolic function according to current recom-
mendations [16]. For the RV, we measured conventional 
parameters of systolic function such as tricuspid annular 
plane systolic excursion (TAPSE), peak systolic tissue Dop-
pler velocity of the tricuspid annulus (S  wave), and RV 
fractional area change (RV-FAC) from apical RV-focused 
view, as recommended [16, 17]. 

For RV strain, we used high frame-rate acquisitions and 
we manually traced the RV endocardial border at end-sys-
tole. Readjustments were made if needed, including in the 
region of interest, the whole RV wall, but excluding the 
pericardium. EchoPAC — Q Analysis software automatically 
divided the RV into six segments, three for the RV free wall 
(RVFW), and three for the interventricular septum (IVS). 
We then calculated the global longitudinal strain of the 
RV (GLS-RV) as the mean of the six segments, and the lon-
gitudinal strain of the RVFW (RVFW-LS) as the mean of the 
three RVFW segments, as recommended [18, 19]. Normal 
strain values are negative [18] because it is a measure of 
myocardial shortening; thus, values that are less negative 
reflect impaired myocardial shortening. 

For estimation of pulmonary artery systolic pressure 
(PASP), we used the maximal velocity of the TR jet (TRVmax) 
obtained from the continuous wave Doppler spectrum 
and right atrial pressure (RAP): PASP = 4 × TRVmax

2 + RAP. 
RAP was estimated based on the inferior vena cava 
diameter and respiratory collapsibility, as described in 
guidelines [16]. 

Using a 4V probe, we performed six-beat full-vol-
ume 3D acquisitions, with electrocardiographic gating 
during apnea. We used the apical RV-focused view for 
3D data sets acquired for the assessment of the RV [20]. 
We performed offline image post-processing and re-
construction using 4D RV-Function software (TomTec 
Imaging Systems, Unterschleissheim, Germany). Af-
ter tracing the endocardial surface of the RV at both 
end-systole and end-diastole, the software generated 
the RV stroke volume (SV), ejection fraction (RVEF), end- 
-diastolic and end-systolic volume (ESV) (Figure 1). Inter- 
and intra-observer reproducibility for RV strain and RVEF 
in our laboratory has been recently published [5]. 



184

K A R D I O L O G I A  P O L S K A

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a

Non-invasive estimation of RVPAC
We estimated the RVPAC using five different methods, all 
of which were previously proposed and studied: 
•	 as the TAPSE/PASP ratio [10, 21];
•	 as the GLS-RV/PASP ratio [12, 22];
•	 as the RVFW-LS/PASP ratio [12, 23]; 
•	 as the 3D RVEF/PASP ratio [11]; and
•	 as the 3D SV/ESV ratio [24, 25].

Statistical analysis
All analysis was performed with SPSS version 20.0 statistical 
software package. The Kolmogorov-Smirnov test was used 
to check whether variables were normally distributed. Con-
tinuous data were expressed as mean (standard deviation 
[SD]) if normally distributed, or as median and interquartile 
range otherwise, and compared with Student’s t-test or 
the Mann-Whitney U test (as dictated by distribution). 
Pearson’s correlation coefficient was used to assess cor-

relations between continuous variables. Categorical data 
were expressed as numbers and percentages, and they 
were compared using the test. 

We used receiver operating characteristic (ROC) curves 
and the respective area under the curve (AUC) to identify 
optimal cut-off values for event prediction, based on the 
highest sum of sensitivity and specificity. Using these 
cut-offs, we performed Kaplan-Meier analysis for event- 
-free survival, and we compared survival curves with the 
log-rank test. We performed Cox proportional hazards 
regression to determine the prognostic power of non- 
-invasive RVPAC. Results were reported as hazard ratios 
(HR) with 95% confidence intervals (CI). We constructed 
the multivariable model choosing covariates that have 
clinical relevance and are well-established event predic-
tors in DCM: age, an NYHA class, LVEF, and the mitral E/E’ 
ratio. Statistical significance was defined as a two-tailed 
P-value <0.05.

Figure 1. Three-dimensional volumetric 
assessment of the right ventricle using 
dedicated software

Abbreviations: ESV, end-systolic volume; 
EDV, end-diastolic volume; EF, ejection 
fraction; SV, stroke volume



185

Aura Vîjîiac et al., Non-invasive RVPAC in patients with dilated cardiomyopathy

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a

RESULTS

Study population
The mean age in the study group was 61 (14) years and 
the majority (67%) were men. During the mean follow-up 
of 18 (9) months, 29 patients (48%) reached the main end-
point, being at least once hospitalized for an exacerbation 
of HF. Twelve patients (20%) were admitted more than once 
for decompensated HF during the follow-up. At the end of 
the follow-up period, there was a total number of 52 re-
hospitalizations for HF, 4 deaths (all occurring in patients 
who had already reached the main endpoint), 5 non-fatal 
cardiac arrests, no heart transplantation, and no ventricular 
assist device implantation. There was no difference in terms 
of age and comorbidities between patients reaching the 
primary endpoint and those who did not (Table 1). Serum 
BNP was available in 52 (87%) patients. The prevalence of 
loop diuretic use, as well as BNP levels, were higher among 
patients who required rehospitalization (P = 0.02 and 
P = 0.005, respectively). 

Echocardiographic data
All echocardiographic data are summarized in Table  2.  
While LVEF was similar between patients with and with-
out adverse outcomes (P = 0.17), there were significant 
differences between the two groups in indices reflecting 
LV diastolic dysfunction. RV function, assessed by both 
conventional parameters and innovative parameters, 

was significantly more impaired in patients with adverse 
outcomes, while PASP was higher in patients with events, 
with marginal significance (P = 0.049). All five estimates 
of RVPAC were more impaired in patients with events 
(P <0.001 for all). 

The prognostic role of non-invasive RVPAC
Table 3 shows the univariable and multivariable Cox 
regression for the primary endpoint of HF rehospitaliza-
tions. All RVPAC surrogates were endpoint predictors in 
unadjusted analysis. LVEF did not emerge as a predictor of 
hospitalizations in unadjusted analysis (P = 0.12). We also 
performed ROC analysis to assess the ability of RVPAC to 
predict rehospitalizations. As shown in Figure 2, all RVPAC 
surrogates outperformed LVEF, and they all had good AUCs 
(Table 4). However, after adjusting for the clinical and echo-
cardiographic confounders in the multivariable model, the 
RVFW-LS/PASP ratio and the RVEF/PASP ratio were the only 
RVPAC estimates that remained independent predictors of 
rehospitalizations (Table 3). The best cut-off value for pre-
dicting outcome was –0.40 for RVFW-LS/PASP (sensitivity 
69%, specificity 77%) and 1.30 for RVEF/PASP (sensitivity 
83%, specificity 65%). Kaplan-Meier survival curves strat-
ified by these cut-offs are shown in Figure 3. The risk of 
rehospitalization was higher in patients with RVFW-LS/PASP 
over –0.40 (HR, 3.653; 95% CI, 1.657–8.051;  P = 0.001) and 
in patients with RVEF/PASP less than 1.30 (HR, 3.600; 95% 
CI, 1.464–8.854; P = 0.002) in univariable analysis. 

Table 1. Basic characteristics

Variables Overall
(n = 60)

Hospitalized  
(n = 29)

Not hospitalized  
(n = 31)

P-value

Age, years 61 (14) 61 (14) 60 (14) 0.79

Men, n (%) 40 (67) 19 (66) 21 (68) 0.86

Systolic BP, mm Hg 124 (13) 122 (13) 125 (12) 0.32

Diastolic BP, mm Hg 75 (11) 72 (10) 77 (11) 0.04

Heart rate, bpm 78 (15) 80 (17) 77 (13) 0.44

NYHA class, n (%) 0.003

I 2 (3) 0 (0) 2 (6)

II 27 (45) 7 (24) 20 (65)

III 25 (42) 17 (59) 8 (26)

IV 6 (10) 5 (17) 1 (3)

Comorbidities, n (%)

Hypertension 41 (68) 17 (59) 24 (77) 0.12

Diabetes mellitus 11 (18) 6 (21) 5 (16) 0.65

Smoking 19 (32) 8 (28) 11 (35) 0.51

CKD 37 (62) 19 (66) 18 (58) 0.55

Medication, n (%)

ACE-I/ARBs/ARN-I 57 (95) 28 (97) 29 (94) 0.59

β-blocker 59 (98) 28 (97) 31 (100) 0.48

MRA 58 (97) 29 (100) 29 (94) 0.49

Loop diuretic 41 (68) 24 (83) 17 (55) 0.02

Digoxin 11 (18) 8 (28) 3 (10) 0.07

BNP levels, pg/ml 478 (286–910) 703 (404–1080) 388 (204–535) 0.005

Continuous data are expressed as mean (standard deviation [SD]) or median (interquartile range [IQR]), depending on the distribution. Categorical data are expressed as 
number (percentage)

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARN-I, angiotensin receptor neprilysin inhibitor; BP, blood pressure;  
BNP, brain natriuretic peptide; n, number of patients; NYHA, New York Heart Association; CKD, chronic kidney disease; MRA, mineralocorticoid receptor antagonist
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Table 2. Echocardiographic data

Variables Overall 
(n = 60)

Hospitalized  
(n = 29)

Not hospitalized  
(n = 31)

P-value

LV parameters

LV end-diastolic diameter, mm 66 (9) 66 (8) 65 (10) 0.48

LVEDV, ml 225 (87) 233 (88) 217 (88) 0.48

LVESV, ml 170 (76) 179 (7) 161 (77) 0.38

LVEF, % 26 (7) 24 (7) 27 (7) 0.17

Mitral E/E’ ratio 14.3 (6.6) 16.6 (8.1) 12.1 (4.8) 0.008

LA volume index, ml/m2 45 (24) 56 (27) 34 (15) <0.001

RV parameters

RV basal diameter, mm 37 (33–42) 38 (35–47) 34 (31–37) 0.002

Tricuspid E/E’ ratio 5.8 (2.9) 6.4 (3.3) 5.3 (2.4) 0.13

TAPSE, mm 18 (4) 16 (4) 20 (4) <0.001

S wave velocity, cm/s 11.1 (2.8) 9.8 (2.7) 12.4 (2.2) <0.001

RV-FAC, % 33 (12) 31 (12) 35 (11) 0.12

GLS-RV, % –12.2 (5.3) –9.8 (4.6) –14.4 (5.0) <0.001

RVFW-LS, % –14.8 (9.3) –11.1 (7.2) –18.2 (10.1) 0.003

3D RVEDV, ml 139 (53) 140 (56) 139 (52) 0.94

3D RVESV, ml 80 (31) 88 (35) 72 (25) 0.051

3D RV SV, ml 60 (31) 52 (25) 67 (34) 0.06

3D RVEF, % 42 (10) 37 (9) 47 (9) <0.001

PASP (mm Hg) 39 (17) 44 (16) 35 (17) 0.049

RVPAC estimates

TAPSE/PASP 0.56 (0.28) 0.43 (0.21) 0.68 (0.29) <0.001

GLS-RV/PASP –0.37 (0.22) –0.26 (0.17) –0.47 (0.21) <0.001

RVFW-LS/PASP –0.45 (0.38) –0.27 (0.36) –0.61 (0.32) <0.001

RVEF/PASP 1.28 (0.61) 0.97 (0.38) 1.57 (0.65) <0.001

RV SV/ESV 0.80 (0.36) 0.62 (0.24) 0.96 (0.38) <0.001

Data are expressed as mean (standard deviation [SD]) or median (interquartile range [IQR]), depending on the distribution
Abbreviations: see Figures 1 and 2

Table 3.  Univariable and multivariable Cox regression analysis

Variables
(per unit increase)

Unadjusted Adjusteda

HR (95% CI) P-value HR (95% CI) P-value

TAPSE/PASP 0.050 (0.008–0.302) 0.001 0.158 (0.019–1.280) 0.084

GLS-RV/PASP 31.193 (4.337–224.363) 0.001 8.215 (0.966–69.889) 0.054

RVFW-LS/PASP 5.010 (2.090–11.964) <0.001 3.122 (1.135–8.584) 0.027

RVEF/PASP 0.245 (0.109–0.553) 0.001 0.381 (0.147–0.988) 0.047

RV SV/ESV 0.069 (0.014–0.347) 0.001 0.183 (0.032–1.033) 0.054

aAdjusted for age, NYHA class, LVEF, mitral E/E’ ratio

Abbreviations: see Figures 1 and 2

Table 4. AUC for parameters to identify the risk of rehospitalization

Parameter AUC (95% CI) P-value Cut-off

TAPSE/PASP 0.756 (0.635–0.877) 0.001 0.47

GLS-RV/PASP 0.784 (0.667–0.901) <0.001 –0.37

RVFW-LS/PASP 0.766 (0.646–0.885) <0.001 –0.40

RVEF/PASP 0.782 (0.667–0.897) <0.001 1.30

RV SV/ESV 0.789 (0.673–0.904) <0.001 0.65

LVEF 0.606 (0.461–0.752) 0.158 24.2

Abbreviations: see Figures 1 and 2
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We also tested the constituents of the RVFW-LS/PASP 
and RVEF/PASP ratios in the same multivariable model. 
RVEF independently predicted HF hospitalizations (HR, 
0.951; 95% CI, 0.906–0.999; P = 0.046), while RVFW-LS and 
PASP did not (HR, 1.037; 95% CI, 0.996–1.080, P = 0.08 and 
HR, 1.011; 95% CI, 0.988–1.035; P = 0.35, respectively). 

DISCUSSION
The findings of our study can be summarized as follows: 
(1) non-invasive RVPAC was significantly more impaired 
in patients with DCM who were rehospitalized for HF 
exacerbation, irrespective of the method used for RVPAC 
estimation; (2) the RVFW-LS/PASP and RVEF/PASP ratios 
were the only RVPAC estimates that remained independent 
predictors of hospitalization; (3) RVFW-LS/PASP >–0.40 and 
RVEF/PASP <1.30 were proposed as cut-offs for predicting 
a high risk of HF hospitalization. 

In DCM, pulmonary hypertension develops as a direct 
consequence of increased left-sided filling pressures.  
Initially, the right ventricle will adapt by hypertrophy 
and remodeling, which will allow for an initial increase in 
contractility. As the disease progresses, RV maladaptation 
occurs, and the RV begins to dilate, leading to an impair-
ment of its ejection force and ventriculo-vascular mismatch 
[26]. This loss of mechanical efficiency of RV contraction in 
relation to its afterload precedes overt right HF [27]. Hence, 
early identification of right ventriculo-vascular decoupling 
would potentially detect those patients at risk of develo

Figure 3. Kaplan-Meier analysis stratified by optimized cut-offs for 
RVFW-LS/PASP (A) and RVEF/PASP (B)

Abbreviations: RVEF, right ventricular ejection fraction; other — see 
Figures 1 and 2
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Figure 2. Receiver-operating characteristic analysis of RVPAC and 
LVEF for the prediction of rehospitalizations

Abbreviations: GLS-RV, global longitudinal strain of the right 
ventricle; LVEF, left ventricular ejection fraction; PASP, pulmonary 
artery systolic pressure; ROC, receiver operating characteristic; RV, 
right ventricle; RVPAC, right ventricular-pulmonary artery coupling; 
RVFW-LS, longitudinal strain of the right ventricular free wall; SV, 
stroke volume; TAPSE, tricuspid annular plane systolic excursion; 
other — see Figure 1
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ping RV failure [21]. Since RV functional assessment with 
echocardiography requires a multi-parametric approach 
[28], several non-invasive estimates for RVPAC have been 
proposed [10–13, 24]. However, this is the first study to 
compare the prognostic value of multiple RVPAC estimates 
in the same population, using parameters derived from 
both conventional and advanced echocardiography. To 
our knowledge, this study is also the first to assess RVPAC 
as an outcome predictor in DCM. 

All five RVPAC estimates were outcome predictors in 
unadjusted analysis in our study. Surprisingly, TAPSE/PASP 
— the most frequently used surrogate for RVPAC in 
existing literature [10, 13, 21] — as well as GLS-RV/PASP 
lost their predictive power in multivariable analysis. This 

A

B
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is contrary to the findings of some studies, which found 
that TAPSE/PASP [6, 10, 29] and GLS-RV/PASP [12] are 
independent predictors of events in chronic left-sided HF. 
The most probable explanation for this discrepancy is that 
none of these above-mentioned studies included in their 
multivariable model the mitral E/E’ ratio or the left atrial 
volume. LV diastolic dysfunction is pathophysiologically 
linked to RV functional impairment [30], so indices of 
diastolic dysfunction may attenuate the predictive power 
of RV function in multivariable models. The SV/ESV ratio 
also lost its predictive role when adjusted for confounders, 
and it showed weaker correlations with all the other RVPAC 
surrogates (Table 3). While it was found to have a good 
correlation with invasive RVPAC in a recent study [24], the 
prognostic value of the SV/ESV ratio was only tested in 
a pediatric population with pulmonary hypertension [25], 
without available data on its role in left-sided HF.

RVFW-LS/PASP remained an independent predic-
tor of HF hospitalizations in our cohort. Similar results 
were reported by Iacoviello et al. [12], who found that 
RVFW-LS/PASP was an independent predictor of death 
in chronic HF, in a clinical and echocardiographic multi-
variable model. However, our study is the first to report 
this RVPAC surrogate as an independent predictor of 
outcome after controlling simultaneously for both clinical 
and echocardiographic risk factors. Moreover, RVFW-
LS/PASP outperformed RVFW-LS and PASP, which did not 
independently predict hospitalizations in our study. This 
suggests that indexing RV function to its afterload pro-
vides a better assessment of the interconnected system 
of the RV and pulmonary artery, and better identification 
of patients at risk, probably by identifying those patients 
who are in the phase of transition to overt RV failure [12]. 
In the current study, we also found RVEF/PASP to be an 
independent predictor of hospitalizations for DCM. This 
RVPAC estimate was previously tested by Nochioka et al. 
[11] in a community-based elderly cohort including both 
patients with clinically overt HF and at risk of developing 
HF, and it showed an independent predictive value for HF 
hospitalization or death. 

The superiority of RVFW-LS/PASP and RVEF/PASP over 
other echocardiographic surrogates of RVPAC might be 
explained by the very superiority of RVFW-LS and 3D RVEF 
over other conventional parameters of RV function. Carluc-
cio et al. showed in their previous study that RVFW-LS is 
a better outcome predictor in left-sided HF than TAPSE [4] 
and GLS-RV [31]. We reported in a recent article [5] that 3D 
RVEF is an independent predictor of adverse events in DCM, 
outperforming other RV functional indices in this clinical 
setting. Compared to other parameters assessing RV longi-
tudinal function (such as TAPSE and S wave velocity), RVFW-
LS detects subtle myocardial abnormalities and is relatively 
angle-independent [32]. Moreover, compared to GLS-RV, 
it is considered more specific for the RV [33] because GLS-
RV also integrates the motion of the IVS (common to both 

ventricles), and LV dysfunction might restrict its value [31]. 
3D RVEF is particularly useful for RV assessment because 
it is the only parameter that overcomes 2D geometric 
assumptions and integrates the longitudinal, radial, and 
anteroposterior components of RV contraction [33]. The 
fact that LVEF was not a predictor of rehospitalizations 
in our study might be partly explained by the fact that it 
was severely reduced throughout the entire cohort, with 
its values within a narrow range. Previous data suggested 
that the ability of LVEF to predict rehospitalizations is not 
related to its absolute value, but rather to its trajectory over 
time and its correlation with the patient’s hemodynamic 
and neurohormonal status [34]. 

Implications
This echocardiographic study is the first to perform a point-
by-point comparison of multiple methods to estimate 
RVPAC and of their prognostic role in DCM. Our results 
highlight the importance of evaluating the RV and pulmo-
nary circulation as an integrative unit improving prognostic 
prediction accuracy when combining parameters of RV 
function with PASP. Among different non-invasive surro-
gates for RVPAC, RVFW-LS/PASP and RVEF/PASP — both de-
rived from innovative echocardiographic techniques — are 
independent predictors for HF rehospitalizations in DCM 
and might improve risk stratification in clinical practice. 

Limitations
The main limitation of this study is the lack of concomitant 
validation of echocardiographic RVPAC with gold-standard 
invasive measurements. However, the surrogates we chose 
in this study have been previously utilized and validated 
with catheterization-derived RVPAC [10, 24]. Another limita-
tion comes from the small sample size and the single-center 
design. Last but not least, a good acoustic window and 
a regular heart rhythm are mandatory to accurately inter-
pret 3D acquisitions and, by excluding patients with atrial 
fibrillation or poor window, our data became vulnerable 
to selection bias. This might be particularly important for 
atrial fibrillation patients because a recent study found 
that the prevalence of this arrhythmia among patients 
with DCM is as high as 30% [35]. Further research will be 
needed to establish if these results can be extrapolated to 
larger cohorts.

CONCLUSION
We found that RVFW-LS/PASP and RVEF/PASP are inde-
pendent predictors for HF rehospitalization in patients 
with DCM. This study reinforces the idea that the RV and 
pulmonary circulation are intertwined components of 
a functional unit, that right ventriculo-vascular interaction 
has an independent prognostic role in left-sided HF and 
that RVPAC assessment, which can also be done non-in-
vasively, might improve risk stratification, should it be 
validated in further research.
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