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Since its approval in 2011 in high and prohibitive-surgical-
risk patients, transcatheter aortic valve replacement (TAVR) 
has expanded its indication to intermediate-surgical-
risk patients (1,2). Studies are underway to investigate its 
potential as a modality in low-surgical risk patients and 
establish an all-risk indication for TAVR for treatment of 
patients with severe symptomatic aortic stenosis. During 
this journey, TAVR has crossed many hurdles through 
refinements in risk stratification, operator experience, and 
technological advancements. Risk stratification techniques 
have played a major role in attempting to identify patients 
who may or may not be suited to TAVR as an intervention. 
With rapid dissemination of TAVR, even a small risk of 
adverse outcomes could translate into a high absolute 
number of affected patients. Therefore, it is critical to 
continue to investigate these poor predictive indicators 
for better risk stratification and better patient selection to 
improve outcomes. 

In a recent study by Sultan et al., the investigators 
evaluated the impact of noninvasively measured tricuspid 
annular plane systolic excursion (TAPSE)-pulmonary 
artery systolic pressure (PASP) ratio as an estimate of right 
ventricle (RV) to pulmonary artery (PA) coupling on TAVR 
outcomes (3). This was a single-tertiary-care-center-based 
retrospective observational cohort analysis of 457 patients 
with native severe aortic stenosis who underwent successful 
TAVR with either balloon-expandable or self-expanding 
valves. The researchers found an association between 
baseline TAPSE/PASP ratio and all-cause mortality after 

TAVR. TAPSE was estimated using the apical four-chamber 
view in transthoracic echocardiogram (TTE) while PASP 
was computed using the maximum tricuspid regurgitant jet 
velocity from continuous wave Doppler and the right atrial 
pressure from inferior vena cava measurements. The results 
of a subset study demonstrated a good reproducibility 
in terms of intra- and inter-observer reliability. Patients 
with higher TAPSE/PASP ratio indicative of a better  
RV-PA coupling had a lower STS-PROM score and were 
less often found to have multivessel coronary disease 
requiring coronary artery bypass grafting. Conversely, those 
with a lower TAPSE/PASP score signifying worse RV-PA 
uncoupling had more left-sided chamber remodeling, lower 
LVEF, lower stroke volume index and a higher prevalence of 
at least moderate mitral and tricuspid regurgitation. Around 
97% of patients in the study had NYHA functional class 
III/IV. A higher TAPSE/PASP ratio (implying better RV-
PA coupling) was associated with a favorable survival even 
after a meticulous adjustment for relevant baseline clinical 
and echocardiographic characteristics and was found to be 
a better predictor than other individual prognostic factors 
such as TAPSE, PASP or the STS-PROM risk assessment 
tool (3). 

Despite their l imitations, TAPSE derived from 
echo as a measure of right ventricular systolic function 
and PASP estimated from doppler echo are easily 
available parameters by noninvasive techniques (4). 
The prognostic ability of TAPSE/PASP ratio has been 
studied in heart failure (5,6). A 2013 study by Guazzi  
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et al. explored the significance of TAPSE-PASP ratio as a 
physiologically more relevant parameter (as a measure of 
right ventricular function in relation to right ventricular 
afterload) as a prognostic tool in patients with heart 
failure. In this study of 293 heart failure patients, a lower  
TAPSE/PASP ratio was associated with a worse NYHA 
functional class and higher mortality; and was found to 
have a better prognostic ability than either TAPSE and 
PASP alone; independent of the nature of heart failure (5).  
Similarly, a cohort study of Asian population with heart 
failure found an association between the TAPSE/PASP ratio 
and a composite end-point of all-cause mortality and heart 
failure hospitalization, independent of LV function (6).

Heart failure is common in patients with AS who qualify 
for valve replacement. About 97% of patients in the study 
by Sultan et al. had NYHA functional class III/IV. In the 
PARTNER 2 trial investigating patients at intermediate-
risk for surgery, 77% of those who underwent TAVR had 
NYHA functional class III or IV at baseline (2). Notably, 
Sultan et al. in their study found a lower TAPSE/PASP  
ratio to be associated with higher all-cause mortality 
even after adjusting for baseline characteristics such as 
LVEF, stroke volume index and STS-PROM score (3) 
supporting an independent association between the right 
cardiopulmonary functional entity and mortality in patients 
undergoing TAVR. Furthermore, a recent work from the 
Atherosclerosis Risk in Communities (ARIC) study found 
RV-PA uncoupling to be associated with increased incidence 
of heart failure or death even among elderly persons free 
of heart failure, implying a role for RV-PA uncoupling to 
detect occult RV dysfunction (7) in elderly persons. The 
findings by Sultan et al. illustrating the importance of 
TAPSE/PASP ratio as a prognostic factor (3) will be a great 
asset in risk prediction models looking at TAVR outcomes. 

There is evidence supporting the role of assessments 
of TAPSE, PASP and TAPSE/PASP ratio in pulmonary 
hypertension (8-12). Pulmonary hypertension is common 
in patients undergoing TAVR and about 42% of patients 
in the TAVR arm of the PARTNER trial (13) had baseline 
pulmonary hypertension. In a study of 290 patients with 
pulmonary arterial hypertension, TAPSE/PASP ratio was 
found to be associated with hemodynamics, functional 
class as well as mortality (8). In a study of 277 patients 
undergoing TAVR, elevated PASP was associated with an 
adverse prognosis (9). Additionally, persistent pulmonary 
hypertension after TAVR, estimated by PASP by echo, 
has been found to be associated with lower survival in 
other studies as well (10,11). In an interesting study of 

617 patients undergoing TAVR in Germany, investigators 
found a strong correlation between a reversal of pulmonary 
hypertension post-TAVR and a favorable survival up 
to a 5.9-year follow-up (12), a finding supported by 
another study (11). Findings by Sultan et al. elucidating  
TAPSE/PASP ratio as a measure of RV-PA coupling in 
evaluating outcomes after TAVR (3) opens up several new 
avenues for research. It will be interesting to investigate, 
for example, if there is an incremental improvement in 
the right-sided hemodynamics in patients with better  
RV-PA coupling post-TAVR, and whether this translates 
into favorable outcomes incremental to those with reversible 
pulmonary hypertension. The effect of the reversal of 
pulmonary hypertension on RV reverse remodeling has been 
previously studied in patients with chronic thromboembolic 
pulmonary hypertension, wherein reverse remodeling with 
a reduction in afterload via pulmonary endarterectomy was 
noted to improve RV-arterial coupling and RV function (14). 
Moreover, a better baseline RV-PA coupling was recently 
found to be associated with better LV-reverse remodeling 
and prognosis after cardiac resynchronization therapy (15).  
These findings offer several plausible physiological 
explanat ions  for  bet ter  post-TAVR outcomes  in 
patients with better RV-PA coupling as determined by  
TAPSE/PASP ratio in the study by Sultan et al. (3). 
Concurrently, they also support a need to study reversibility 
of RV-PA coupling after TAVR and its effect on outcomes 
in order to determine if and how the RV-to-PA coupling 
should guide risk stratification of patients with symptomatic 
AS under consideration for TAVR.

Few studies have investigated the role of isolated TAPSE 
and RV dysfunction in TAVR patients as well (16,17). A 
study by Griese et al. investigating 702 patients undergoing 
TAVR between 2009 and 2014 utilized TAPSE as a 
measure of RV function and found lower TAPSE <14 mm  
to be associated with increased rate of renal failure 
requiring dialysis (16). Furthermore, they found the RV 
systolic function to be an independent determinant of late 
mortality in this study (16). Another study investigated a 
potential prognostic role of tricuspid regurgitation and 
RV dysfunction (estimated by TAPSE) in TAVR patients 
and only RV dysfunction, and not tricuspid regurgitation 
was found to be associated with higher mortality  
post-TAVR (17). The utilization of TAPSE, however, as 
a tool for assessment of RV dysfunction is limited by the 
changes in the pattern of the right ventricular contraction 
after cardiac surgery (18,19), and alternative methods for 
non-invasive measurements of RV-PA coupling need to be 
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studied and validated in this study population. 
As our knowledge of the RV-PA coupling evolves, 

more comprehensive noninvasive measures of the RV 
reserve are expected to emerge, particularly involving 
the assessment of dynamic RV reserve with its relation to 
exercise. A study of chronic pulmonary hypertension in a 
porcine model found RV contractile reserve (as measured 
by dobutamine pharmacological stress response) to be 
strongly associated with ventricular-arterial coupling (20).  
A small pilot translational study suggested a link between 
resting RV dysfunction (determined by RV-PA coupling) and 
RV maladaptation to exercise in chronic thromboembolic 
pulmonary vascular disease (21). The assessment of 
RV exercise contractile reserve and exercise RV-to-PA 
coupling for various strata of baseline TAPSE/PASP 
ratios in heart failure patients suggested a role of exercise 
RV testing in additional risk-stratification (22). Perhaps 
with the advancements in the field of stress echo (23),  
research determining RV contractile exercise reserve and 
integrating the TAPSE/PASP ratio may better inform 
risk-stratification. Other advanced techniques involving 
cardiac magnetic resonance, resting and exercise right heart 
catheterization parameters and cardiopulmonary exercise 
testing are also emerging (24).

Until such studies are concluded and the relevant 
technology becomes readily available, the TAPSE/PASP  
ratio as a surrogate marker of the adaptability of the 
right cardiopulmonary functional entity is a simple, 
noninvasive, resource-sensitive, feasible and reproducible 
measure (3) that needs to be confirmed in other large 
studies, diverse patient populations and hospital settings; 
and validated in prospective studies as a convenient risk 
stratification tool in TAVR. The effect of this parameter 
on other outcome measures than survival also needs to be 
investigated.

This study by Sultan et al. (3) is commendable in its 
elucidation of the role of TAPSE/PASP ratio as a readily 
available measure in the prognosis of patients undergoing 
TAVR; and to our knowledge, is the first study to explore 
its impact on mortality after TAVR. Future studies should 
also evaluate the utility of this tool in other valvular heart 
diseases and disease processes that share the common 
features of heart failure, pulmonary hypertension, and RV 
dysfunction.
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