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Abstract

Pulmonary hypertension (PH) is a frequent complication of chronic lung

disease (CLD). However, PH is difficult to diagnose early since accompanying

symptoms overlap and are similar to those of the underlying CLD. In most

cases the PH is mild to moderate and therefore physical signs may be absent or

subtle. This consensus paper provides insight into the clues that might suggest

the presence of occult PH in patients with CLD. An overview of current

diagnostic tools and emerging diagnostic technologies is provided as well as

guidance for the work‐up and diagnosis of PH in patients with CLD.
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INTRODUCTION

Pulmonary hypertension (PH) frequently complicates the
course of patients with interstitial lung disease (ILD) and
chronic obstructive lung disease (COPD). Once it occurs,
it is associated with increased morbidity and mortality.
There are no guidelines pertaining to whom and when to
screen for PH in patients with these disparate forms of
chronic lung disease (CLD). The goal of this review is to
summarize the criteria that should raise suspicion for
PH in the setting of CLD and to suggest when to perform
a diagnostic RHC.

SIGNS AND SYMPTOMS OF PH IN
COPD AND ILD

There is a significant overlap in symptomatology of ILD
and COPD with concomitant PH, which may lead to
delay in the diagnosis of the pulmonary vasculopathy.1–3

There are currently no standardized methods to screen
for PH in the setting of CLD. However, there are several
harbingers and strategies that have been suggested to
monitor these patients for the development of PH.4–8

Patients with CLD typically suffer from breathless-
ness which may be accompanied by cough, the latter
being mostly due to their underlying disease. Over time,
there may be the development and progression of
PH with severe dyspnea which may be attributed to
progression of the underlying CTD.9 In a registry analysis
comparing patients with PH‐COPD and idiopathic pul-
monary arterial hypertension (PAH),10 there was a
higher proportion of patients in WHO functional class
(WHO‐FC) IV in the COPD group (especially in those
with severe PH), despite these patients having signifi-
cantly better hemodynamic profiles.

As PH progresses, patients may suffer symptoms
related to a low cardiac output such as dizziness, palpita-
tions, and chest pain, which may often be taken for signs of
possible ischemic or nonischemic heart disease, given the
high prevalence of systemic hypertension and the fact that
patients with COPD and idiopathic pulmonary fibrosis
(IPF) are often either current or exsmokers and are at a
significantly increased risk for cardiovascular complica-
tions.11,12 In patients with ILD there is a potential con-
founding overlap of symptoms related to ILD and PH and
consideration of PH may not occur until very advanced
stages when peripheral edema, parasternal heave, and
jugular distension are present.13 In patients with COPD,
edema may also be caused by mechanisms other than
heart failure alone, such as reduced thoracic blood return
due to increased intrathoracic pressure, activation of
renin, cortisol, and other neurohormonal processes.14–16

Furthermore, in COPD, hypercapnia may cause a reduc-
tion in systemic blood pressure and contribute to mainte-
nance of normal cardiac output due to its vasodilating
properties, despite an increase in right‐sided heart pres-
sures. While there are reports attesting to the correlation of
PH in CLD with functional impairment and World Health
Organization Functional Class (WHO‐FC), there is a lack
of data evaluating clinical symptoms and signs of PH in
CLD.17 It is unclear whether exacerbations of COPD con-
tribute to the development or progression of PH, but it is
known that the inverse is true: one of the strongest pre-
dictors of hospitalization for acute exacerbations in pa-
tients with COPD is elevation of the mean pulmonary
artery pressure (mPAP), even with pressures below the
current diagnostic threshold for PH.18 Interestingly, in the
CHAMPION trial using a continuous monitoring device of
pulmonary artery pressures (PAP) in COPD and non‐
COPD patients, careful heart failure management resulted
in a 62% reduction of “respiratory” hospitalization rates in
the COPD group but not in the control group.19 Further-
more, severe PH is associated with a high prevalence of
hospitalizations for exacerbations: whether this is a cause
or an effect of the severe hemodynamic compromise is not
known.20 A higher rate of exacerbations has also been
described in IPF patients with PH.21

FIRST LEVEL DIAGNOSTIC
PROCEDURES (PFTS,
6MWT, CPET)

Pulmonary function testing (PFT) is used commonly in the
diagnosis and assessment of CLD. Unfortunately, the
severity of restriction in ILD and obstruction in COPD does
not correlate with the presence or severity of PH.1,22 On the
other hand, severe exertional hypoxemia and reduction in
the diffusion capacity (DLCO), especially with relatively
preserved lung volumes, have been shown to correlate
both with the incidence of PH, and overall outcomes once
PH has developed.1,10,17,23–28 In a retrospective cohort of
patients with IPF, a DLCO< 30% of predicted was associ-
ated with a twofold increase in the likelihood of PH.1 A
recent multivariate analysis of patients with both ILD and
COPD found the DLCO to be the only PFT variable pre-
dictive of mortality with 1‐ and 5‐year survival rates of
patients with DLCO< 32% of 68% and 13%, respectively, as
compared to 84% and 60% for those with DLCO≥ 32%.29

However, another analysis of a group of 151 patients with
fibrosing IIP and severe PH showed that total lung capacity
(TLC) and not DLCO was associated with mortality.30

In a further cohort of 93 patients with newly diagnosed
ILD, a TLCO/DLCO index >1.67 was most predictive of
echocardiographically detected PH.5 Serum N‐terminal
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pro‐brain natriuretic peptide (NT‐ProBNP) or BNP mea-
surements may be useful in detecting severe PH in patients
with COPD and ILD,31,32 although an elevation in these
parameters may also correspond with post‐capillary PH or
left heart failure without PH.

Cardiopulmonary exercise test (CPET) can be useful to
raise suspicion of PH in CLD. Maximal oxygen consump-
tion and workload are reduced in PH‐CLD compared with
CLD without PH.33,34 With increasing pulmonary vascular
dysfunction (PVD), there is a circulatory limitation to ex-
ercise characterized by reduced oxygen consumption at
the anaerobic threshold and a reduced maximal oxygen
pulse.35,36 In COPD patients PH contributes to a signifi-
cantly reduced maximal workload and peak oxygen con-
sumption independent of the ventilatory impairment and
dynamic hyperinflation that typically accompany the more
advanced stages of COPD.37 Ventilatory inefficiency as
gauged by the ventilatory equivalent for CO2 production
(Ve/VCO2) slope and Ve/VCO2 at the anaerobic threshold
is elevated in ILD patients with PH relative to those
without PH.34,35 Markers of wasted ventilation as an
indicator of PH in COPD are more variable.33,38 These
findings on CPET may help in deciding when to proceed to
a diagnostic right heart catheterization (RHC).

In patients with COPD, PH should be suspected when
there is worsening of symptoms, increased oxygen
requirements, and/or reduced exercise tolerance without
a concomitant worsening of pulmonary function and/or
of emphysema. Some patients may exhibit milder airflow
obstruction but very profound gas exchange impairment
and may be categorized as the pulmonary vascular phe-
notype of COPD.39,40

Similarly, in ILD, a reduced exercise tolerance, wor-
sening oxygenation, and a decrease in the DLCO, especially
when disproportionately lower than the FVC% predicted,
may all indicate the presence of underlying PH. A clinical
conundrum is to differentiate between the pulmonary
vascular phenotype of COPD or ILD and idiopathic PAH
with concomitant COPD or ILD, respectively.40 The rela-
tionship between lung function impairment, profound
hypoxemia, and the degree of hemodynamic compromise
are key features to distinguish between these: in COPD,
hypoxemia may be a better indicator of a pulmonary
vascular phenotype than the FEV1.

3 The 6‐min walk test
(6MWT) has several parameters that might provide
“clues” to the presence of underlying PH in patients with
CLD. These include not only a reduced distance but also
increased desaturation and reduced heart rate recovery
(HRR) all of which have been shown to correlate with
decreased survival in ILD, as well as with the presence
and severity of PH.26,41–45 One study showed that mPAP
correlated with both the 6MWT distance (6MWD) and the
distance saturation product.45

ECHOCARDIOGRAPHY IN THE
IDENTIFICATION OF PH IN CLD

Transthoracic echocardiography (TTE) allows noninvasive
measurement of the cardiac chambers and flow velocity
within the heart, and, in the presence of tricuspid
regurgitation (TR), an estimate of right ventricular (RV)
systolic pressure using a simplified Bernoulli formula. To
improve the diagnostic accuracy of echocardiography, the
European Society of Cardiology/European Respiratory
Society (ESC/ERS) guidelines recommend combining the
TR flow velocity with other indirect signs of RV dys-
function to estimate the probability of PH.

The algorithm provided by these guidelines identifies a
low probability of PH (normal TR velocity (TRV) < 2.8m/s
and no indirect signs of PH), a high probability of disease
(an elevated TRV> 3.6m/s with or without the presence
of indirect PH signs), and an intermediate probability
(normal TRV with indirect signs of PH or a TRV between
2.8 and 3.6m/s without indirect signs of PH).

Even though TTE seems to play a major role in sug-
gesting PH associated with CLD, the criteria based on
TRV (and indirect signs) for PH probability in PAH have
not as yet been validated in CLD patients. Furthermore,
in CLD Doppler TTE has specific limitations.46 In a
recent series of 265 ILD subjects that underwent con-
comitant RHC and TTE, the positive predictive value for
peak TRV> 3.4 m/s combined with RV dilatation/dys-
function was 86%. However, the negative predictive value
for excluding PH with a TRV that is unmeasurable
or < 2.8 m/s combined with a normal RV was only 60%,
with 40% of patients misclassified as low probability
when PH was confirmed at subsequent RHC.47

In a series of 63 patients with severe emphysema
subjected to RHC before lung volume‐reduction surgery,
TTE estimates of PAP correlated very weakly with he-
modynamically derived values, and the test character-
istics (e.g., sensitivity, specificity, etc.) of echocardio-
graphic assessments were poor.48

Other observations confirmed that in this subset of
patients, TTE has good specificity but poor sensitivity in
providing a reliable systolic PAP estimation. Addition-
ally, the indirect TTE signs of RV dysfunction, suggesting
the probability of PH in addition to TRV measurement,
have not yet been validated in CLD.

Despite these limitations, due to its diagnostic accuracy
along the spectrum of PH severity in CLD, Doppler TTE
has the ability to identify most of the patients with sig-
nificant pulmonary hypertension. In a recent retrospective
study of 210 patients with ILD and sarcoidosis, a TTE‐
based algorithm for identified patients with severe
PH (mPAP ≥35mmHg) with a sensitivity of 89% and a
specificity of 71%.49 TTE may also detect or exclude
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conditions secondarily affecting the pulmonary circulation;
specifically, patients with CLD often have risk factors for
cardiovascular diseases, and the presence of concomitant
left heart disease is frequent in both PH‐COPD and PH‐
ILD patients.50

HOW TO STUDY THE RIGHT
VENTRICLE IN PATIENTS
WITH CLD

The past decade has been marked by a greater under-
standing of RV function in PH.51 The concept of pul-
monary vascular remodeling leading initially to adaptive

and then maladaptive changes and RV failure was
introduced in 2013.51,52 Whether the transition of the RV
from adapted to maladapted is the same across all groups
of PH etiologies and specifically if it occurs in CLD‐PH is
currently unknown. Therefore, various TTE imaging
techniques that explore novel indices of RV dysfunction
(such as speckle tracking derived strain analysis or RV
ejection fraction) have been investigated (Table 1).
Interestingly, some of these studies suggest that early RV
systolic and diastolic dysfunction is present even in pa-
tients with early or mild parenchymal disease.

The gold‐standard evaluation of RV function, the so‐
called “load‐independent technique,” might be especially
sensitive in the detection of early RV dysfunction;

TABLE 1 Advanced right ventricular dysfunction imaging in PH‐ILD.

Study Patients
Imaging modality
• Key parameter Key findings

Sonaglioni 202259 N = 60; IPF TTE
• EaI was calculated as the ratio
of end‐systolic pressure to
stroke volume index

EaI correlated to forced vital capacity; EaI was
independently associated with outcome

Cobra 202160 N = 123; IPF TTE
• RV GLS

RV GLS alterations were detected in 37% of non‐
advanced IPF patients

Buonauro 202061 N = 33, fibrotic IPF TTE
• RV GLS
• 3D RVEF

RV GLS alterations were observed in IPF
indicative of early cardiac damage

D'Andrea 20191,62 N = 50, early stage IPF TTE
• RV GLS
• RV LWLS

Impaired RV LWLS is already present at rest in
early‐stage IPF and worsens during exertion

Tello 201958 N = 172, 55% IPF TTE
• TAPSE/sPAP

TAPSE/sPAP as noninvasive surrogate of
ventriculo‐arterial coupling differentiate between
the haemodynamic phenotypes and associates
with prognosis

Amsallem 201763 N = 192, 53% IPF TTE
• RA & RA Volume
• RV LWLS

High frequency of right heart enlargement and
dysfunction in ILD patients irrespectively from
presence of PH

Zhu 201764 N = 90; ILD TTE
• RV LWLS
• sPAP

Correlation of the extent of ILD detected by lung
ultrasound with RV function

D'Andrea 201665 N = 55, IPF TTE
• RV LWLS

Early impairment of RV function was present; RV
LWLS was associated with prognosis

D'Andrea 201666 N = 52, IPF TTE
• RV early diastolic peak
velocity

• RV GLS
• RV LWLS

Impaired RV diastolic and systolic myocardial
function were present even in IPF patients
without PH

Kato 201567 N = 76, ILD cMRI
• RVEF

RVEF was associated with outcome

Abbreviations: cMRI, cardiac magnetic resonance imaging; EaI, arterial elastance index; GLS, global longitudinal strain; IPF, idiopathic pulmonary fibrosis;
ILD, interstitial lung disease; LWLS, lateral wall longitudinal strain; PH, pulmonary hypertension; RA, right atrial; RV, right ventricular; RVEF, right
ventricular ejection fraction; sPAP, systolic pulmonary arterial pressure; TTE, transthoracic echography; TAPSE/sPAP, tricuspid annular plane excursion/
systolic pulmonary arterial pressure.
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however, this requires invasive, time‐demanding, ex-
pensive, and challenging generation of pressure‐volume
loops.51 This allows the assessment of the ratio of end‐
systolic to arterial elastances (Ees/Ea) which ultimately
defines the mechanical properties of the RV as ventricular‐
arterial coupling.53,54 The ideal approach should be a
noninvasive, simple, and easily repeatable technique mir-
roring the complex mechanism of ventricular‐arterial cou-
pling. The current literature has focused on surrogate ap-
proaches such as the TAPSE/sPAP (tricuspid annular plane
excursion/systolic pulmonary arterial pressure) ratio,54 the
myocardial work assessed by cardiac MRI,55,56 or simplified
calculations derived from RHC.57 Even though cardiac MRI
results in a more detailed study of the RV, in clinical
practice TTE is more practical and more readily available.

In particular, TAPSE/sPAP does not require geo-
metric assumption and has been investigated in several
forms of PH.54 One recent study exploring the TAPSE/
sPAP role in CLD‐PH showed that the ratio is a
straightforward and clinically relevant measurement to
distinguish between hemodynamic phenotypes with dif-
fering survivals.58

Other noninvasive measurements of arterial elastance
(Ea) have been suggested in IPF.59 Further research ex-
ploring the continuum of RV function decline and the
impact of novel image modalities in the evaluation of RV
function in different forms of CLD‐PH populations are
strongly encouraged (Table 1).

MULTIMODALITY
INVESTIGATIONS THAT MIGHT
INDICATE PH IN CLD

The individual parameters that might suggest the pres-
ence of PH can serve to reinforce one another and
increase the likelihood of PH in individual patients.
Ideally, these could be used in concert in a multi-
parametric manner to more accurately predict the pres-
ence of PH. While some of the same parameters can
indicate PH in both ILD and COPD, their use together in
scoring systems is different.

When there is suspicion for PH in CLD, a TTE can
further inform as to whether or not to proceed with a
confirmatory RHC. Conversely, the predictive power of
TTE in determining the likelihood of PH in ILD may be
enhanced by PFTs (ratio of FVC%/DLCO%), 6MWT and
computerized tomography (CT) scan (main pulmonary
artery/aorta ratio (PA/Ao)) parameters.68–70 Pulmonary
artery enlargement (a PA:Ao ratio of >1), as detected by
CT and depicted in Figure 1, is associated with severe
exacerbations of COPD71 and poor outcome in patients
with IPF.72

The decision to proceed with RHC needs to be framed
in the context of the information obtained and the likeli-
hood of an actionable finding that would be of benefit to
the patient. For example, the threshold to obtain a RHC
might be lower in ILD patients in countries where there is
an approved and available treatment for PH‐ILD. Even in
countries where there is no approved therapy, there might
be benefit to the patient; for example, in those who are
transplant candidates since pulmonary hemodynamics
weigh into the allocation score in many countries for listed
patients. It is conceivable that occult HFpEF might be
found, especially given that this is generally an elderly
patient population prone to comorbidities. In some pa-
tients, the severity of PH might be such that consideration
is given to the implementation of individualized PAH
therapy. It should be understood and accepted that not all
RHCs will elicit PH, and such “negative studies” should
not be regarded as futile since prognostic information is
important to both patients and their providers Figure 2.

SCORING SYSTEMS

All clinical scoring systems proposed so far for PH‐CLD
have some limitations that reduce their clinical appli-
cation. Lung function was not associated to severe

FIGURE 1 A case of ILD with severe PH demonstrating
enlargement of the pulmonary artery (a) in the context of severe
fibrotic disease (b).
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PH but to prognosis and this was independent of the
prognostic impact of severe PH, therefore, a recently
proposed noninvasive scoring system for the detection
of severe PH in COPD (mPAP ≥ 35 mmHg or mPAP
25–34 mmHg + CO≤ 2.0 L/min) does not include any
lung function parameter, gas exchange or exercise
variables, and rather includes the estimation of sPAP on
TTE, serum NT‐ProBNP and the PA/Ao ratio on CT
scan of the thorax.22 However, despite its limitations
(retrospective, single‐center study), the parameters
included in the combined index are linked to the pa-
thophysiological mechanism of PH, and it is not
surprising that they may contribute to improving the
predictive performance of PH in this patient group. A
recent stepwise composite TTE score predicting severe

PH proposed by Bax et al. has been applied to ILD pa-
tients.49,69 It is based on the measurement of TVR
velocity, right atrial area, RV fractional area change,
RV:LV ratio, and eccentricity index. This approach is
applicable if there is a good acoustic window allowing
the measurement of the required ultrasound parame-
ters. However, this algorithm does not address milder
forms of PH which are also important to recognize.
Based on their evaluation of a cohort of 93 patients with
newly diagnosed ILD, a scoring system incorporating
age, 6MWT and TLC/DLCO ratio was proposed by
Sobiecka et al.5 for the prediction of PH suspected by
TTE. The authors found that a TLC/DLCO ratio >1.67
increased the probability of PH assessed by TTE four‐
fold. Another group analyzed multimodality variables in

FIGURE 2 Highlights the cumulative contribution of clinical features and test parameters in risk stratifying the probability of
PH detection, and thereby to confirm the diagnosis. While this is a suggested algorithm, the final decision to proceed with RHC should be
based on the individual patient characteristics and the likelihood that the results will change management. Legend: 6MWT= 6‐min walk
test; BNP, brain natriuretic peptide; DLco, single breath diffusing capacity for carbon monoxide; FVC, forced vital capacity; JVD, jugular
venous distension; NT‐proBNP, N terminal proBNP; O2, oxygen; P2‐second pulmonic heart sound; RV, right ventricle; VO2, maximal
oxygen consumption; WHO FC, World Health Organization functional class.

6 of 15 | VITULO ET AL.



a cohort of 273 patients with IPF and showed that a
clinical scoring system incorporating DLCO < 50%
predicted, PA/Ao≥0.9 on CT and arterial oxygen
tension (PaO2) < 80 mmHg to predict elevation of
mPAP had an area under curve (AUC) for the receiver
operating characteristic (ROC) of 0.757 (95% CI
0.682–0.833).17 Another early PH‐ILD detection tool
incorporating medical history, examination, 6‐min walk
distance, DLCO, chest imaging, and cardiac biomarkers
creating an eight‐component score was found to have
both a high sensitivity (86.5%) and specificity (86.3%)
with an AUC of 0.920 in a retrospective analysis of 154
patients with ILD.6 All the above scoring systems were
retrospective single‐center studies and require external
validation in independent larger cohort of patients. A
recent study developed the FORD score using the cohort
of the ARTEMIS randomized controlled trial as a deri-
vation sample for the multivariate analysis (AUC: 0.75;
95% CI: 0.660.82); the score, which includes demo-
graphic and functional data, oxygenation and 6MWD,
was subsequently validated on an external cohort of IPF
patients (AUC: 0.69; 95% CI: 0.56–0.81).73 Finally, a
Delphi consensus statement recommended further
research on how to best identify patients with ILD who
develop concomitant PH and offered a screening algo-
rithm based on and incorporating previously published
data.8 There is an ongoing prospective study evaluating
noninvasive parameters in the prediction of PH in pa-
tients with ILD (PHinder study, NCT05776225).

RECOMMENDATIONS FOR RHC IN
PH ASSOCIATED WITH CHRONIC
LUNG DISEASES

RHC is recommended in the evaluation of CLD patients in
whom the results might change management (level of
evidence: IC).40,74 For example, lung transplant candidates
require RHC since hemodynamics factor into allocation
scoring systems. The availability of an approved therapy
that the patient may be a candidate for represents another
situation which may warrant a RHC. If no approved
therapy is available, but there is suspicion for PH of suf-
ficient severity to warrant off‐label PH therapy, then RHC
should be performed; especially if the pulmonary hyper-
tension is deemed likely to be more symptom‐limiting
than the lung disease itself.74 Another indication might be
for confirmation of the presence of heart failure with
preserved ejection fraction as contributing to the patients'
symptoms and any underlying pulmonary hypertension. It
is important to note that if PH is suspected, but that
documentation thereof will not change management, then
a RHC need not be performed.

There are no comprehensive guidelines or recom-
mendations to advise specifically on the practical aspects
of RHC performance in patients with PH‐CLD. RHC in
patients with PH‐CLD is technically challenging and
should be performed only in expert centers. The recent
interest in PH‐CLD pathophysiology and in hemo-
dynamic phenotyping of PH‐CLD, together with the
published data on treatments targeting PH‐ILD, have set
the stage for RHC as a more commonly performed pro-
cedure in this patient population. It is important to note
that correct timing of RHC for the assessment of
PH requires the absence of an acute exacerbation, and
compensated heart function and should be obtained with
a targeted peripheral oxygen saturation (SpO2) of >90%.

RHC in chronic lung diseases: Procedural
approach

Particular caution and a comprehensive risk/benefit
assessment should be undertaken in patients with respi-
ratory insufficiency with high O2 requirement or rapid
worsening of respiratory conditions. These patients are
particularly fragile and even a catheter‐induced arrhyth-
mia can destabilize them. Respiratory failure often makes
it difficult to lie flat on the table during the procedure;
consequently increased work of breathing and associated
changes in intra‐thoracic pressure can affect pulmonary
haemodynamics. However, it is noteworthy that many
patients with severe CLD who are being evaluated for lung
transplant undergo RHCs routinely without many issues
lying flat or with an increased incidence of complications.

Site

Jugular, brachial, or femoral venous routes can be uti-
lized depending on operator and patient preference. For
patients with apical bullous disease, a jugular approach
should be approached with caution and is best performed
under ultrasonic guidance.

Complications

The complications of RHC are mostly related to the
venous access and to the RHC procedure independent
from the primary lung disease. Although RHC complica-
tions are uncommon, on very rare occasions they can be
fatal. Patients affected by PH‐ILD may be particularly
unstable due to the combined ventilatory and hemo-
dynamic derangement and RHC should only be per-
formed in experienced centers. Complications occurring
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in patients with a reduced respiratory reserve, or cardio-
vascular comorbidities may have a greater clinical impact
even if considered minor in other contexts (e.g., catheter‐
induced supraventricular and ventricular arrhythmias).

Acute vasoreactivity testing

The latest recommendations from the ESC/ERS 2022
guidelines reinforce the previous 2015 suggestions not to
perform acute vasoreactivity testing in PH‐CLD.74 How-
ever, it has been suggested that in patients with severe
PH associated with ILD some vasoreactivity when exposed
to inhaled nitric oxide or inhaled prostanoids may exist,
even in those without overt PH.75,76 Observational data in
CLD patients has reported a positive test in 17%–41% of
cases, but without a significant effect on other hemo-
dynamic parameters and no implications for treatment or
subsequent survival.77 More studies are needed to evaluate
the true prevalence of vasoreactivity in PH‐CLD patients
and its implications for treatment strategies and long‐term
outcomes. At this time, routine acute vasoreactivity testing
is only recommended for research purposes.

RHC pitfalls & practical issues in CLD

Zero levelling

Zero levelling is one of the most important and
unrecognized pitfalls in the hemodynamic evaluation of
pulmonary hypertension, the correct positioning of the
transducer being a crucial element for the assessment of
pulmonary pressures during RHC.78 Based on current
recommendations, the zero reference level should be set at
the mid‐thoracic level in supine patients, which represents
the level of the left atrium.78–80 This approach allows for
the correct evaluation of right heart and PAP, including
PAWP which is of crucial importance in the evaluation of
CLD‐PH patients, who are often elderly with comorbid-
ities that increase the risk for left heart disease.79

Pressure measurements with respect to the
respiratory cycle

The ESC/ERS guidelines recommend that in PAH all
pressures are recorded as the mean of 3–5 measurements
obtained at the end of normal expiration (avoiding breath
holding or Valsalva maneuver).74 However there has
been significant debate around the question of respira-
tory swings in patients with CLD and how to assess
intrathoracic pressures. Specifically, in patients with

significant bronchial obstruction and in morbidly obese
patients, the end of normal expiration and the start of
inspiration may occur simultaneously, precluding a time
space for measurement.81 Patients with ILD demonstrate
reduced compliance77 which translates into increased
elastic recoil82 and lower intrathoracic pressure during
both inspiration and expiration.83 In addition, in chronic
lung diseases (especially in COPD) large swings in
intrathoracic pressure may affect intracardiac pressures
significantly.79,84 Due to these considerations, the 2022
ESC/ERS guidelines74 confirmed the recommendation
that PAWP should be averaged during several respiratory
cycles to minimize the effects of changes in intrathoracic
pressures on the tracings in patients with lung disease.
We also recommend reporting the method used to record
PAP in each hemodynamic study.

LV diastolic dysfunction in CLD

Left ventricular dysfunction may be reasonably ruled out
by TTE assessment; however, the presence of diastolic
dysfunction is not routinely evaluated in CLD. Thus, the
hemodynamic evaluation during cardiac catheterization
may well be the first diagnostic test during which diastolic
dysfunction is suspected or detected. Despite some avail-
able evidence on the prevalence of cardiovascular co-
morbidities in ILD,85 there is little data on the prevalence
of diastolic dysfunction in ILD‐PH patients. In 2015 Raghu
et al. showed that 4% of patients with IPF had post‐
capillary PH.26 More recently Teramachi et al. described
1152 patients with ILD diagnosed with PH using RHC,
20% of whom demonstrated post‐capillary PH.86 More
data on cardiovascular comorbidities are available in
the COPD population. A recent systematic review re-
ported a high prevalence range for systemic hypertension
(17%–65%), coronary artery disease (20%–48%), diabetes
(10‐45%), chronic heart failure 8%–28%), and arrhythmias
(14%–24%).87 Post‐capillary PH has been shown to be
present in about 20% of COPD patients listed for lung
transplantation.88 Being aware that this is a highly select
population, the prevalence is likely higher in broader
groups of COPD patients.89 In cases where diastolic dys-
function is clinically suspected, an exercise, fluid, or nitric
oxide challenge test during RHC may be helpful in ruling
out a diastolic component, especially in those patients
who present with PAWPs in the range of 12–15mmHg.89

Hemodynamic follow‐up

There are no recommendations or guidelines for
repeating RHC in patients with PH‐CLD. We suggest
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obtaining a repeat RHC only if this potentially changes
the patient management. For example, repeated RHC
may be obtained in patients listed for lung transplant,
since worsening hemodynamics will increase their lung
allocation score. The need for repeat RHCs to assess the
effect of pulmonary vasodilators in ILD‐PH is not clear
and indeed if a repeat procedure is warranted at all. The
question of which parameter is more representative
in the hemodynamic follow‐up of ILD‐PH patients and
how to assess a positive response to treatment remains
unknown. Indeed, there is no definitive data demon-
strating that PVR‐directed therapeutic strategies may
affect mortality in PH‐CLD. A retrospective study of
sildenafil and statistical modeling of the INCREASE
data set do suggest potential mortality benefits to sil-
denafil and inhaled treprostinil in PH‐ILD patients.90,91

The 2022 ESC/ERS guidelines identify a PVR cut‐
off > 5WU as a criterion for defining severe PH in
CLD.74 However, this threshold requires validation and
should not be used as the sole criteria to decide on the
initiation of therapy, especially given the poor prog-
nosis of CLD with even mild to moderate PH. Indeed,
recent data show that in PH‐ILD, PVR > 2 has an
unfavorable impact on survival.92 In addition, another
post‐hoc analysis of the INCREASE data set suggests a
potential benefit of therapy in PH‐ILD patients with
PVRs as low as 3–4 wood units.93 Nonetheless, it is
imperative to continue to prospectively study patients
with lower PVRs within clinical trials to determine
which phenotypes benefit most from potential thera-
peutic interventions.

CONCLUDING REMARKS

As with all forms of PH, the diagnosis of PH in the
context of CLD requires an RHC. There are no estab-
lished guidelines as to when and in whom RHC should
be performed. The decision to proceed with RHC is
predicated by individual risk assessment for underlying
PH. This risk stratification relies on a combination of
symptoms, oxygen needs, clinical signs, and data from
routinely available testing including PFTs, 6MWT,
imaging, and biomarkers. While there are a number of
scoring systems, these require further refinement and
validation. If the diagnosis of PH will result in a possible
change in management, for example, availability of an
approved therapy, then the threshold to proceed with a
RHC should be lowered. Attention to technical detail is
critical to obtain reliable RHC data. There are multiple
areas where further research is needed and some of these
are outlined below.

OPPORTUNITIES AND QUESTIONS
FOR FUTURE RESEARCH IN THE
DIAGNOSIS OF PH IN CLD

1. The significance of pulmonary vasoreactivity in PH‐CLD
in terms of prognostic significance and whether this has
treatment implications remains to be elucidated.

2. The prognosis and treatment implications of PH in
CLD under the guise of lower mPAP and PVR
thresholds remains unknown. In addition, how
PH progresses in CLD requires further study.

3. Further prospective studies are needed to validate and
refine existing scoring systems to predict PH in CLD. In
addition, future scoring systems remain to be deve-
loped which might include additional novel parameters
such as from cardiac MRI.

4. Molecular research is strongly encouraged to en-
dotype CLD patients at risk of developing PH.

5. AI‐based algorithms in assisting the diagnosis and
prognostication of PH‐CLD patients could have a
substantial impact on future clinical practice.89
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