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Pulmonary hypertension (PH) is a common and prognostically important complication of mitral regurgitation
(MR). Mean pulmonary arterial pressure (mPAP) and pulmonary vascular resistance (PVR) are traditionally used
to diagnose PH, however these indices measure static rather than pulsatile load, leading to an incomplete rep-
resentation of pulmonary vascular load on the right ventricle (RV). Pulmonary arterial compliance (PAC) is one
method for quantifying pulsatile load, and is both a stronger predictor of prognosis in left heart failure, as well as
a more sensitive measure of early pulmonary vascular dysfunction than PVR. With the expansion of transcatheter
mitral and tricuspid valve therapies, there is renewed interest to more accurately define the load imposed by the
pulmonary vasculature on the RV, especially in the early phase, prior to the onset of chronic PH. This review
discusses the pathophysiology of pH in left heart failure and MR, the utility of PAC as a measure of RV afterload,
and its calculation for clinical use and interpretation, underlining the utility of PAC as an adjunct for assessing

pulmonary vascular haemodynamics.

1. Background

Left heart failure is the most common cause of pulmonary hyper-
tension (PH), complicating an estimated 60 to 70 % of cases [1,2]. Left
heart failure is frequently associated with valvular heart disease, and
mitral regurgitation (MR) is the most commonly encountered valve
lesion [3], in which the development of pH and right heart failure are
important determinants of prognosis [4-10]. Co-existing PH is an
important prognostic indicator across the spectrum of valvular heart
disease and heart failure [11-13], Elevated pulmonary pressures have
also been associated with poor prognosis following mitral transcatheter
edge-to-edge repair (TEER), even despite a significant reduction in MR
severity [14-16]. Accurate identification of the presence, severity and
aetiology of pH is therefore important in the management of these
patients.

There is some evidence that earlier treatment of MR is prognostically
beneficial [17-20], however for primary MR (PMR) guidelines currently
recommend intervention for symptomatic severe MR, and watchful
waiting for asymptomatic cases until onset of left ventricular (LV)

impairment or dilatation, significant atrial dilatation, atrial fibrillation
or pulmonary hypertension [21]. For secondary MR (SMR), the decision
for intervention is also impacted by the underlying mechanism and in-
dications for concurrent surgical intervention. Analyses of the results
from the COAPT and MITRA-FR trials suggest a prognostic benefit for
intervention in patients with MR severity in excess of LV dilatation, prior
to the onset of LV decompensation [22,23].

Therefore, central to the management and intervention for MR is the
timely diagnosis of secondary complications of MR, especially in
asymptomatic patients. Considering the prognostic significance of sec-
ondary PH, identification of those patients who are developing pulmo-
nary vascular dysfunction so they may be considered for intervention, or
at least more frequent monitoring, prior to the onset of frank PH is
important. Traditionally, diagnosis of pH relies on pulmonary vascular
resistance (PVR) and mean pulmonary arterial pressure (mPAP), how-
ever these parameters alone can be insensitive for detecting early in-
creases in right ventricular (RV) afterload [8], and while PVR measures
static pulmonary vascular load [24], it does not reflect the pulsatile load
caused by wave reflections and vessel elasticity, which makes a
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significant contribution to RV afterload [25].

Pulsatile load and vascular elasticity are however reflected by pul-
monary arterial compliance (PAC), which is more strongly associated
with procedural outcomes, RV function and long-term prognosis in some
cohorts than PVR [8,26]. A decline in PAC is observed earlier in the
course of pH than a rise in PVR, suggesting that PAC is also an earlier or
more sensitive marker of elevated RV load [27]. This review discusses
the pathophysiology of pH in left heart failure and MR, the clinical
utility of PAC as an adjunct measure for assessing pulmonary vascular
load on the RV, how it can be calculated clinically, and its potential
application in MR and transcatheter therapies.

2. The pulmonary vascular response to mitral valve
regurgitation and intervention

Unlike the systemic circulation, the pulmonary circulation is low
pressure, and highly compliant, imposing a relatively low afterload on
the RV, which demonstrates high capacity for changes in volume, but
poor tolerance for elevated pressure [28].

Right heart catheterisation (RHC) in early severe MR shows normal
pulmonary pressures, with the presence of a ‘V’ wave, depending on the
compliance of the left atrium (LA) and pulmonary vasculature, corre-
sponding to the transmission of left ventricular (LV) systolic pressure
into the pulmonary vessels during systole. The role of LA compliance
and function in the pathophysiology of pH is demonstrated in patients
with both MR and mitral stenosis, and parameters including LA size, and
LA strain assessments have been associated with mortality in both PMR
and SMR [29-32]. The pulsatile component of the LA pressure also
appears to play a major role in reduced distensibility and hypertension
in the pulmonary arteries in severe MR. Loss of LA compliance and the
ability for this chamber to absorb the pulsatile load transmitted from the
LV in MR is therefore likely to make an as yet unquantified contribution
to the RV load in severe MR [33,34].

With chronic severe MR, secondary left heart failure ensues, with a
rise in LA pressure, and the onset of isolated post-capillary pulmonary
hypertension (Ipc-PH), characterised by elevated pulmonary capillary
wedge pressure (PCWP) (>15 mmHg) and mean pulmonary arterial
pressure (mPAP) (>20 mmHg), with normal PVR (<2WU) [14,35].
Chronically elevated PA pressures trigger adaptive changes in the pul-
monary vasculature, initially with vasoconstriction, but ultimately
vascular remodelling, which impairs vascular function, and increases
PVR [36-38]. This results in combined pre- and post-capillary pulmo-
nary hypertension (Cpc-PH), characterised by elevated PCWP, mPAP
and PVR. Traditionally, PVR and the transpulmonary gradient (TPG) are
used to distinguish Ipc-PH from Cpc-PH, with the latter considered the
result of chronic pulmonary vascular remodelling in the face of chron-
ically elevated pulmonary pressures [4,37]. This is however an incom-
plete, and probably oversimplified description of the haemodynamic
consequences of left heart failure and MR, as it omits the effects of
pulsatile loading, which accounts for approximately 25 % of the RV
afterload [8]. Further, cohorts of patients with severe MR and elevated
pre-operative PVR can show dramatic improvement in mPAP, PVR and
PCWP post-operatively, supporting the notion that even in the presence
of Cpc-PH, a significant proportion of pulmonary vascular load may be
reversible with correction of the valve lesion [39,40]. In patients with
pre-procedural RV dysfunction and MR, there is also frequently an
improvement in RV function and reduction in the severity of tricuspid
regurgitation (TR) following mitral TEER [41-44], reflecting a reduc-
tion in RV afterload due to a fall in left atrial and pulmonary pressures,
as well reverse pulmonary vascular remodelling, and improvements in
RV function through ventricular interdependence, following relief of the
volume load on the LV [45].

Conversely, in some cases PH and RV function do not necessarily
improve after intervention, nor are pre-procedural mPAP and PVR
necessarily predictive of post-procedural RV function [42]. After mitral
TEER, approximately 20 % of patients have reduced RV function,
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associated with increased mortality, and this significant proportion of
patients is not necessarily identified by elevated pulmonary arterial
systolic pressure or RV dysfunction during pre-procedural assessment
[42]. While this may reflect heterogeneity in patient selection, it may
also reflect the insensitivity or shortcomings of echocardiographic
assessment and PVR to diagnose patients with pre-procedural PH and RV
dysfunction, PAC may therefore offer an additional, more sensitive
measure to complement echocardiography and right heart catheter-
isation, to more completely characterise RV afterload.

3. Pulmonary arterial compliance

Compliance measures an important additional dimension of pulmo-
nary vascular function, and can be considered as the third component of
the triad of pressure, resistance and compliance that can describe RV
afterload (Central Illustration). Compliance represents the elastic
properties of the pulmonary vascular system, and is defined by the
change in volume per unit change in pressure [46]. The PAC is pro-
portional to the stiffness of the arterial wall, and this relationship is
governed by elasticity, such that as arterial pressure increases, and the
elasticity of the arterial wall becomes saturated, the arterial wall stiff-
ness increases, and compliance falls. Compliance is therefore dependent
on pressure, but will also be reduced by pulmonary vascular remodel-
ling, as elastic fibres are replaced by collagen and fibrosis [47]. PAC is
just one of a number of methods that give a clinical approximation of
pulsatile load. While some methods, for example pulmonary vascular
impedance, give a more comprehensive description of the components
of pulmonary vascular mechanics, the clinical acquisition and inter-
pretation of such data is cumbersome and therefore usually clinically
prohibitive, making PAC and related models of RV loading, obtained
during RHC, more clinically viable [48,49].

The effect of MR on PAC is not well described, however, similar to
left heart failure cohorts, MR increases LA and pulmonary arterial
pressure, causing stretch of the elastic fibres in the pulmonary arteries,
subsequently reducing PAC. As a dynamic and early haemodynamic
consequence of this process, a reduction in PAC is therefore more sen-
sitive than PVR for detecting early and acute changes in pulmonary
vascular congestion and RV afterload, prior to the onset of pulmonary
vascular remodelling.

Despite being a key physiological parameter that gives an additional
dimension to the description of pulmonary vascular function and RV
afterload, compliance is excluded from routine clinical assessment. This
is due to both the lack of consensus for how it is measured, a lack of data
that describes normal values, and to date, no strong clinical indication
for an additional descriptor of pulmonary load above mPAP and PVR.
However, in contrast to surgical interventions, where the heart is sup-
ported through these altered loading conditions with gradual weaning
from cardiopulmonary bypass, with pharmacological supports, in
transcatheter intervention the beating heart must tolerate instantaneous
and significant changes in afterload. The rise of transcatheter therapies
has therefore highlighted the importance of the accurate pre-operative
diagnosis of ventricular function and loading. The prognostic signifi-
cance of PAC in PH, as well as its ability to detect earlier pulmonary
vascular dysfunction, and therefore potentially trigger decisions for
earlier intervention, supports the addition of PAC to the pre-procedural
assessment of pH and RV function in patients with MR [25,28,50,51].

4. Pulmonary vascular resistance and mean pulmonary arterial
pressure

PVR is calculated from the transpulmonary gradient (TPG), the dif-
ference between the mPAP and PCWP, as a proportion of cardiac output,
and it follows that at unchanged CO, and resistive vessel diameter,
mPAP increases proportionally to PCWP [52]. However, healthy pul-
monary vessels are highly distensible, and as PCWP rises, the vessels
distend, and the PCWP is transmitted in a less than one-to-one ratio (i.e.
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a 1 mmHg rise in PCWP results in a < 1 mmHg rise in mPAP). A vessel
distensibility co-efficient can be incorporated into the PVR equation to
account for this distensibility [53]. This coefficient has a normal value of
1-2 %/mmHg [52,54], however, as could be expected, as the PCWP and
mPAP rise, and vessel elasticity becomes saturated, the distensibility
coefficient falls. This is associated with impaired RV function and sur-
vival [55]. Vessel distensibility reflects arterial stiffness, which is the
inverse of PAC, and increases with increasing pulmonary arterial pres-
sure [56]. Pulmonary arterial pressure is strongly and positively corre-
lated with arterial stiffness, and the relationship between resistance,
pressure and compliance is such that increased PVR raises the mPAP,
thereby reducing the PAC [49,57].

In left heart failure, the left ventricular end diastolic and LA pres-
sures rise, with transmission of pressure into the pulmonary vascular
system, reflected in the elevated mPAP. In a system where pulmonary
vascular distensibility is intact, as luminal pressure rises acutely, elastic
fibres in the arterial walls are recruited and the vessels dilate, thereby
initially reducing both the magnitude of the pressure increase and the
PVR. Vessel distensibility is however limited, and as the pressure con-
tinues to rise, this compensatory mechanism becomes saturated, and the
pressure is transmitted directly from PCWP to mPAP [49]. This is
highlighted in patients with left heart failure during exercise, where the
slope of the mPAP/CO relationship is steeper than predicted by the PVR,
owing in part to the increase PCWP, and hence mPAP, in the setting of
impaired vessel distensibility [58].

If the pressure is relieved, elasticity of the elastic fibres can be
restored. However, chronically elevated pressure causes vascular
remodelling, with arterial stiffening due to collagen deposition and
fibrosis, resulting in a reduction in the proportion of elastic fibres [59].

A disproportionate elevation in the pulmonary pressure gradient
signifies the onset of Cpc-PH, defined by an elevated TPG, which reflects
loss of pulmonary distensibility either due to saturation of elasticity, or
fibrosis and remodelling [38,60].

To summarise, the compliance of the pulmonary vasculature can be
impaired by two mechanisms. By an increase in pressure, which satu-
rates the elasticity of the arterial elastic fibres, and the other by
remodelling, which is considered less reversible, with increased vessel

1JC Heart & Vasculature 53 (2024) 101472

stiffness. These mechanisms co-exist, and provide one explanation for
why even with Cpc-PH, reduction in PCWP, and therefore mPAP, can
reduce the TPG and PVR. The interactions between PVR, mPAP and PAC
are summarised in the graphical abstract (Fig. 1).

5. The resistance-compliance relationship

Unlike the systemic circulation, where compliance is mainly
confined to the proximal aorta, and resistance to the distal arterioles and
capillaries, in the pulmonary circulation there is no such anatomical
separation, with resistance and compliance arising concurrently
throughout the vascular bed [61]. This provides the anatomical basis for
the resistance-compliance (RC) relationship, which is an inverse hy-
perbolic relationship that has been described between PAC and PVR in
the pulmonary circulation[63,64], and implies that the product of
resistance (mmHg e s e mL™!) and compliance (mL e mmHg!) is a con-
stant, the unit for which is time (RC time) [26,33,62,65]. RC time is
therefore an integrative measure that encompasses both compliance and
resistance to represent total RV loading. and this forms the basis for what
is termed the two-element Windkessel model [62].

The RC relationship implies that in early PH, small increases in PVR
are accompanied by large reductions in PAC, and reductions in PAC have
been observed in early PH, prior to any appreciable increase in PVR.
Conversely, at high PVR (>3-4 WU), there is little incremental change in
PAC, which, as could be expected, becomes maximally depressed in
highly resistant, fibrosed and non-distensible pulmonary arteries [26].
In post-capillary PH, the RC relationship it is modified by elevated LA
pressure, such that PAC is linearly reduced as LA pressure rises [33]. In
other words, elevated PCWP lowers PAC, and therefore RC time. As
could be expected, the converse is also true, in that as the PCWP is
reduced, PAC improves, and the RC time increases [26]. This is in
keeping with that described above, where, as the pulmonary arterial
pressure falls, and the elasticity of the fibres in the arterial wall is
restored, compliance improves.

The RC time can be defined as the time it takes for the PA pressure to
drop by 63 % in diastole, and can therefore be obtained by pulmonary
waveform analysis [46,48]. Further, where RC time and PVR are known,

[ Acute or early elevation in PCWP ]

Intact Pulmonary i > mPAP
/" Vascular Distensibility —» 1} Vessel Diameter — |PVR — IPac
t PCWP/LAP
[ Chronic or severe elevation in PCWP ]
~
Saturated recruitment
of elastic fibres 1 Distensibility, a
Vascular remodelling t mPAP
l tsv
Lost Pulmonary 3 | |PAC(SVIPP)
Vascular Distensibility : <
(Stiffness = 1/PAC) 1 PVR (TPG/CO)
8

Fig. 1. Graphical Abstract The interaction between pulmonary vascular resistance (PVR), pulmonary arterial pressure, and pulmonary arterial compliance in states
of acute and chronically elevated left atrial pressure. a: arterial stiffness; CO: cardiac output; LAP: left atrial pressure; mPAP: mean pulmonary arterial pressure; PAC:
pulmonary arterial compliance; PCWP: pulmonary capillary wedge pressure; PP: pulmonary arterial pulse pressure; PVR: pulmonary vascular resistance; SV: stroke

volume; TPG: transpulmonary gradient. Created with BioRender.com.
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and decay is mono-exponential, the PAC can be calculated.

Calculation of PAC from the RC time does however rely on the
constancy of the inverse hyperbolic relationship between PAC and PVR,
and while this has been demonstrated in multiple pre-capillary pulmo-
nary hypertension cohorts [62,66,67], the constancy of the RC rela-
tionship has been questioned, especially in left heart failure, due to
significant variability of the RC time with mPAP, heart rate and PCWP
[56].

Further, the constancy of the inverse hyperbolic relationship be-
tween PAC and PVR may be artefactual. This relationship has been
observed in cohorts in which the PVR is calculated by:

mPAP — PCWP

PVR =—ov IR

Where mPAP is the pulmonary arterial pressure, PCWP is the pulmonary
capillary wedge pressure, SV is stroke volume, and HR is heart rate.

And PAC, calculated by the empiric formula:

sv
PAC = P
Where SV is stroke volume and HR is heart rate.

These equations are intrinsically linked by stroke volume, and the
correlation of mPAP with the pulse pressure in an approximately 1:1
ratio. Both are also dependent on flow induced vascular recruitment and
distensibility, which are appreciably affected by PCWP [56]. It can
therefore be theorised that the observed constancy of this relationship is
mathematical rather than physiological, and some authors therefore
promote the use of isobaric PAC (PAC at a fixed mPAP) as a measure of
compliance, rather than PAC based on PVR, for the quantification of RV
afterload [56]. Regardless, this introduces a possible limitation in the
ability to accurately ascertain PAC from RC time, and while RC time
gives a useful integrative measure of RV afterload, encompassing both
PVR and PAC, the assumption that accurate estimations of these com-
ponents can be obtained on the basis of the inverse hyperbolic rela-
tionship is questioned.

Further, in the pulmonary circulation, pressure decays to the outflow
pressure rather than zero. The outflow pressure is usually approximated
by the PCWP, and where this is elevated, the PVR can therefore be
underestimated. Similarly, in cases of pH where the outflow pressure
exceeds the PCWP, for example in primary PH or Cpc-PH, the PVR can be
overestimated, introducing additional error to the subsequent calcula-
tion of PAC [49].

Therefore, although RC time gives an integrative measure of RV load,
the constancy in the relationship between PAC and PVR, is not suffi-
ciently robust to reliably describe the individual components of RV load,
especially where the PCWP is elevated, including in left heart failure and
MR. As outlined below, there are multiple methods to measure RC time,
however these are clinically cumbersome, and therefore, an under-
standing of the physiological components of RV loading, including
pressure, compliance and resistance, and how these interact, achieves a
more comprehensive understanding of pulmonary vascular function and
RV load, from basic physiological principles, as summarised in Fig. 1 and
described below.

6. Measurement of RC time and pulmonary arterial compliance

While multiple methods for measuring PAC have been described, the
most clinically feasible, widely used, and well validated is the empiric
method, the ratio of stroke volume (SV) to PA pulse pressure (PP), which
can be obtained during RHC. Despite common use, the SV/PP ratio
overestimates PAC as the SV exceeds the reservoir volume of the pul-
monary vascular system, and therefore does not account for flow from
the pulmonary vascular bed, overestimating SV [46]. This estimation of
PAC does however correlate with models of pulmonary impedance, and
with outcomes in advanced heart failure [26,68]. It also allows
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calculation of PAC from directly measured haemodynamic parameters,
reducing the potential for error and artefact. Alternative methods for
calculating PAC are based on its derivation from RC time, and include
the diastolic pressure decay, area under the curve, semi-logarithmic, and
logarithmic pressure difference methods, each of which are presented
here.

The diastolic pressure decay method is based on the premise that in a
Windkessel model, the pressure drops mono-exponentially after closure
of the pulmonary valve, according to [69]:

P(t) = Paiae /"¢

Fitting the diastolic pressure curve to an exponential curve gives the RC
time, from which the compliance can be calculated if the PVR is known.

The area method uses SV and the area under the pressure curve in
systole and diastole to calculate compliance [70], according to:

SV

PAC =
K (P earlydiastole — P, enddiastole)

Where K = Ajfd, and A is the area in systole and diastole

The semi-logarithmic method calculates RC time by [49]:

diastolictime

RC =
ll'l(Po - Pmymptote/(dPApfpasymptote))

Where LVEDP or PCWP is used as Pasymptote

The logarithmic pressure difference method gives a measure of PAC,
independent of the RC time, and calculation from pressure curves [66]:
o t
~ PVRe log, o—t4e)

(Pe—LAp)

PAC

Where Py is the pulmonary arterial pressure at the dicrotic notch, Py is
pulmonary arterial pressure at the end of diastole, t is time between Py
and Py, and LA, is left atrial pressure, taken as PCWP for most purposes
[66].

Finally, Lankhaar derived an empirical equation, based on RC time
[62]:

T:RC:mPAP_PCWPXS—V: mPAP — PCWP
Sv/T PP ppP
Where 7 is the RC time, and T is the heart period.

While each of these methods is acceptable, many have been adapted
from studies examining compliance in the systemic rather than the
pulmonary circulation. Further, while it has been suggested that they
may provide a more accurate measure of PAC, clinically they are not as
straight-forward to obtain as SV/PP, and, except for the logarithmic
pressure difference method, all require specialist software for wave
acquisition and transformation. In pulmonary hypertension cohorts, SV/
PP is the most widely used, and validated, with data to support the
prognostic utility of this method. Finally, and perhaps most signifi-
cantly, excepting the logarithmic pressure difference and area under the
curve methods, these methods derive the PAC from the RC time and
PVR, which, as discussed above, is likely not sufficiently robust to give
an accurate estimation of PAC, especially in cases where the PCWP is
elevated. Further exploration of the relationship between PAC and PVR
under different pathological conditions is warranted to evaluate the
ability to derive PAC from RC time, and accurately break RC time, or the
2-element Windkessel model, into its constituent parts of PVR and PAC.

Finally, a non-invasive, echocardiographic method for measuring
PAC has also been described, and validated against PAC measured by
SV/PP, in which the RV outflow tract velocity-time integral (RV VTI) is
taken as a ratio of PASP [71]:

RVOTyr

PAC="pa5p
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Where RVOTyry is the velocity-time integral in the RVOT and PASP is
the pulmonary arterial systolic pressure.

While as an echocardiographic measure, it is more prone to error due
to image quality, and Doppler angulation, the advantage of a non-
invasive method for obtaining PAC lies in the capacity for serial mea-
surements. It has also been associated with mortality in PH [72,73].

7. Clinical implications

As it stands, elevated PVR and mPAP identify significant PH in pa-
tients with MR. However, as has been discussed in this review, pressure
and resistance become elevated only once pressure in the pulmonary
vasculature is high enough to have saturated the elasticity of the pul-
monary arteries, and/or chronically elevated pressure has resulted in
stiffening through fibrosis and remodelling of the pulmonary vascular
bed. Persistent PH after mitral valve intervention contributes to ongoing
morbidity and higher mortality, and a shift to promoting earlier valve
repair, prior to the onset of pH may be beneficial [74]. With changes
detectable prior to the onset of raised mPAP or PVR, there is therefore a
role for PAC in the assessment of patients with MR. By virtue of the
mechanics of the pulmonary vascular system, reduced PAC is an early
marker of increasing RV load and could therefore be used to identify
patients with early pulmonary vascular dysfunction who should be more
closely monitored, or perhaps, in consideration with other factors,
referred for earlier intervention. Certainly, PAC can be taken from RHC,
without a need for additional investigations, which makes it a viable
additive parameter to complete the triad of pressure, compliance and
resistance the describe pulmonary vascular haemodynamics.

Another clinical application of PAC may be to assess RV loading in
TR. Of particular interest is the identification of methods to determine
RV loading prior to transcatheter tricuspid valve intervention, with the
aim of diagnosing the RV that is unlikely to manage the acute elevation
in afterload associated with the cessation of severe TR. Similar to MR,
invasive haemodynamic parameters, including mPAP and PVR predict
survival following tricuspid TEER [75], and PAC may also be additive in
this context, where more sensitive prediction of pulmonary vascular
dysfunction may identify at-risk ventricles prior to intervention. Simi-
larly, in those patients with both TR and MR, PAC presents an oppor-
tunity to characterise more subtle pulmonary vascular dysfunction, that
may contribute to understanding the interaction between these valve
lesions, and the prognosis for TR following mitral valve intervention.

What remains unknown is the value for PAC that should be consid-
ered abnormal. A recent study [51] identified PAC<3.0 mL/mmHg as
prognostically significant for survival in patients with PH, including
with left heart failure, and cohort validation studies are required to
understand this in the setting of MR.

8. Conclusion

Pulmonary hypertension is a common and prognostically important
complication of MR, where pressure from the left heart is transmitted to
the pulmonary vasculature, increasing the RV afterload. Traditionally,
PH in left heart failure is defined by the PCWP, mPAP, and PVR, how-
ever while these parameters are fundamental, a measure of elastic po-
tential or compliance is required to obtain a complete picture of
pulmonary haemodynamic function. PAC provides a measure of this
pulsatility, and further, is more sensitive for early pulmonary vascular
dysfunction than either mPAP or PVR, which can remain normal in the
early phases of severe MR. The use of PAC as an adjunct measure during
RHC therefore presents an opportunity to diagnose early MR-associated
pulmonary vascular dysfunction, when intervention prior to the onset of
pulmonary vascular remodelling is most desirable, however methods to
accurately quantify PAC, especially in the context of severe MR, require
further elucidation.
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