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Abstract
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We then report on an interesting pro—con debate about the current classification of pulmonary hypertension.
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Finally, we summarise the latest evidence presented on pulmonary vascular disease and COVID-19 and a

statement on the new imaging guidelines for pulmonary vascular disease from the Fleischner Society.
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Pulmonary embolism and related controversies

After the publication of the Guidelines for the diagnosis and management of acute pulmonary embolism
developed by the European Society of Cardiology (ESC) in September 2019, and more recently the
position paper on follow-up after acute pulmonary embolism (PE) from the ESC working group on
pulmonary hypertension and right ventricular function, topics of particular importance were discussed in
several sessions at the ERS 2021 international congress [1-3]. A better insight into the modalities of
interventional treatment was provided. Furthermore, previously unresolved questions dealing with the
treatment of certain groups of patients, such as patients with malignant diseases and pregnant women, have
been explained in more detail. Finally, the sessions focused on the management of subsegmental PE as
well as a general reference on monitoring patients after the acute phase of the disease.

Interventional treatment in the intermediate-high risk group

In the four-tiered risk stratification of patients with PE based on the risk of early mortality, the
intermediate- to high-risk group presents the strongest uncertainties. Luke Howard summarised recent
findings and current knowledge regarding therapeutic strategies for this patient group. The published
Pulmonary Embolism THrOmbolysis (PEITHO) trial showed that tenecteplase reduced the composite
outcome (death or haemodynamic decompensation within 7 days after randomisation), but at the cost of
more extracranial bleeding (6.3% versus 1.2%; p<0.001) and stroke (2.4% versus 0.2%, p=0.003) than in
the placebo group [4]. Because of this unfavourable risk—benefit ratio and unchanged all-cause 30-day
mortality, fibrinolysis in intermediate risk PE is not recommended by the ERS/ESC guidelines [1, 2].

According to the recommendations of the Pulmonary Embolism Response Team (PERT) Consortium, it is
emphasised that in patients with indication for systemic thrombolysis who at the same time have relative
contraindication for this type of therapy interventional treatment procedure, especially catheter-directed
thrombolysis or a reduced dose of systemic thrombolysis, should be considered [5]. One of the studies that
was a cornerstone for the PERT’s recommendations is the MOderate Pulmonary Embolism Treated with
Thrombolysis (MOPETT) trial [6], which showed that a reduced dose of alteplase (i.e. 50 mg) is safe and
effective in the treatment of intermediate risk PE. Nonetheless, there is accumulating evidence in favour of
local therapy, particularly catheter-directed thrombolysis: ULTIMA [7], SEATTLE II [8], OPTALYSE PE
[9], PERFECT [10] and SUNSET sPE trial [11] have shown its positive effects on right ventricular
function and on thrombus burden in comparison with unfractionated heparin (UFH) therapy in patients
with intermediate- to high-risk PE, and a single arm study found similar benefits for the right to left
ventricular ratio [12]. The contribution of ultrasound to local thrombolysis and the optimal dose of
thrombolytics remain controversial, in addition to which patients will benefit most from it.

Pulmonary embolism in cancer, pregnancy and post-partum

Cancer-associated thrombosis accounts for 20% of all venous thromboembolism (VTE) [13]. According to
the talk by Manuel Monreal, the approach to treatment of these patients with anticoagulation has
undergone significant changes over the past decade, whereby recent studies are giving advantage to
treatment with direct oral anticoagulants (DOACs). A Cochrane meta-analysis by KaHALE et al. [14]
showed that low molecular weight heparin (LMWH) therapy, compared to vitamin K antagonists, resulted
in a lower rate of recurrent VTE with similar bleeding risk. According to the ESC Guidelines, LMWH is a
recommended therapy after VTE for a minimum of 6 months [2]. Yet, recent trials comparing DOACs
versus LMWH provide data that justify the use of apixaban, edoxaban and rivaroxaban in patients with
cancer-associated thrombosis [15].

Another issue that requires special consideration is the occurrence of recurrent VTE in patients with
ongoing anticoagulation. LE GAL et al. [16] proposed an assessment of the probability of recurrent PE
based on findings of imaging examinations including computed tomography pulmonary angiography
(CTPA), compression ultrasonography (CUS) of the lower extremity and ventilation/perfusion lung scan.
The most important contributing factors for recurrent VTE are non-compliance to therapy and cancer [17].
Data from the Registro Informatizado de la Enfermedad TromboEmbdlica venosa (RIETE) unequivocally
indicate an association between the site of cancer and the rate of recurrent VTE, as well as the risk of
bleeding under anticoagulant therapy: rate of recurrent VTE and major bleeding were similar in patients
who suffer from breast and colorectal cancer; recurrent VTE was more common than bleeding in patients
with lung cancer, while in patients with prostate cancer bleeding exceeded recurrent VTE [18]. Data from
the RIETE registry suggest that individualised therapy for VTE is likely to be associated with better outcomes.

Fionnuala Ni Aile covered the topic lung embolism in pregnancy and post-partum. VTE is one of the

leading causes of maternal morbidity and mortality [19]. The ESC Guidelines have provided a diagnostic
algorithm that aims to diagnose this condition while minimising radiation exposure [2]. Of special
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importance in this algorithm, but also an integral part of the pregnancy-adapted YEARS algorithm, is the
CUS of the lower extremity. Implementation of the YEARS algorithm reduces the need for CTPA by 30 to
60% depending on the trimester. In patients with a high clinical suspicion for PE or deep vein thrombosis
(DVT) who have a positive proximal CUS, anticoagulant therapy can be started automatically without
additional imaging methods [20]. An unresolved issue is the prophylactic dose of LMWH in pregnant
women who have previously had a VTE. The trial HHGHLOW [21] is underway: the goal of the study is to
provide data on the incidence of post-partum haemorrhage, risk of VTE, delivery outcomes and the degree
of healthcare services utilisation among pregnant women — comparing the groups with LMWH
prophylactic versus therapeutic dose.

Home treatment of low-risk pulmonary embolism and subsegmental pulmonary embolism

Current ERS/ESC guidelines for the management of PE [2] recommend the use of clinically validated
scores, the HESTIA criteria [22], PESI [23] and simplified Pulmonary Embolism Severity Index [24]
(sPESI), to stratify the risk of patients with PE in the initial phase. Olivier Sanchez pointed out that home
treatment of PE is suitable in patients with low-risk PE (around 30%) and discussed results of the
HOME-PE trial of 1975 normotensive PE patients randomised to a triaging strategy for home treatment
based on HESTIA criteria versus sPESI [25]. Patients were eligible for outpatient care if the sPESI score
was 0 or all 11 HESTIA criteria were negative; otherwise, patients were hospitalised. Both scores were
equally safe and efficient in identifying candidates for home treatment. A greater proportion of patients
were eligible for home care using the sPESI score (48.4%) compared with the HESTIA (39.4%), but the
HESTTIA score was more applicable and less frequently overruled by the physician in charge. According to
BecarTint et al. [26] and the current ERS/ESC guidelines for PE, ruling out right ventricular dysfunction
might identify very low-risk patients. Interestingly, in the HOME-PE trial none of the patients with right
ventricular dysfunction experienced worse outcomes compared to those without right ventricular dysfunction.

Management of subsegmental PE

According to Behnood Bikdeli the therapeutic approach to subsegmental PE (SSPE) remains controversial,
because of the non-uniform definition and the overdiagnosis of this condition [27]. Based on the Delphi
analysis of experts, SSPE is defined as a contrast defect in a subsegmental artery visible in at least two
subsequent axial slices of 1 mm or less [28]. With the aim of reducing overdiagnosis in the interpretation
of CTPA, it is necessary to pay attention to the quality of the image and possible artefacts, as well as the
analysis of lung parenchyma and airways, in order to exclude false positive findings [29]. Mortality
associated with SSPE is low, but the risk of recurrence is not lower compared to patients with central PE.
Initiation of anticoagulant therapy is recommended if SSPE occurs in patients with a previous
thromboembolic event, antiphospholipid syndrome, pregnancy, cancer or proximal DVT [28].

Follow-up of pulmonary embolism

The importance of follow-up after an acute thromboembolic event was highlighted by Frederikus Klok.
The type and length of anticoagulant therapy, as well as bleeding risk factors, must be well assessed and
periodically monitored; when comorbidities are adequately treated, a lower risk of bleeding can be
achieved [30, 31]. In patients in whom the cause of PE has not been identified, previously so-called
unprovoked embolism, the diagnosis of cancer is made in about 5% in the following 12 months [32].
Basic workup including medical history, physical examination, blood tests and chest radiographs is
recommended, and age- and sex-specific testing can be done in accordance with national guidelines and
local practice [33]. Thrombophilia tests are indicated only if a positive finding would be of clinical
significance [34]. Recommendations regarding sports and travel after PE are also topics on which clearer
recommendations are needed: an upcoming publication by Krok et al. should further clarify these questions.

Pro-con debate: the current classification of pulmonary hypertension meets clinical practice

The current classification of pulmonary hypertension (PH) has many strengths for its use in clinical
practice, highlighted by David Montani, but also limitations, especially for certain forms of PH, underlined
by Harm Jan Bogaard.

The first classification of PH dates back to 1973, and it has evolved greatly over time: the current
classification of PH in five groups was updated at the 6th World Pulmonary Hypertension Symposium in
Nice in 2018 [35]. Classifications are necessary in the clinic and in research to standardise the definitions
of diseases and the management of patients and to open new avenues of research. David Montani
explained that the current classification of PH is well suited to the clinic because it meets five criteria that
can be expected from a good clinical classification:
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1) Be based on evidence and be proposed by experts: the classification is based on the 2015 ESC/ERS
guidelines established by experts in pulmonology and cardiology, paediatricians and other specialists [36]
and on the work done before and during the 6th World Symposium of 2018 [35].

2) Be simple and understandable: the classification is accessible to non-specialists and helps to transmit
current knowledge in the field of PH to the medical community.

3) Be useful to the clinician to guide the management of patients: the five groups have common
phenotypes and pathophysiology with algorithms specific to each group (i.e. targeting endothelial
dysfunction in pulmonary arterial hypertension (PAH)), which helps the management and communication
with the patients (i.e. no indication for PAH treatment in group 2 or 3). In addition, the classification is a
tool to identify populations at risk of PH (patients with systemic sclerosis, portal hypertension, HIV, sickle
cell disease), specific forms of PH such as veno-occlusive disease and is a tool of pharmacovigilance for
the identification of drugs and toxins that may cause PAH.

4) Be widely accepted and widespread in the world.

5) Be flexible and adaptive: the classification is regularly revised and updated to adapt to new knowledge
and clinical practice. For example, PAH responding to calcium channel blockers was differentiated from
idiopathic PAH (IPAH) in the last classification to underline their specific management.

In his argument, HJ Bogaard highlighted the usefulness and widespread use of the PH classification in the
clinic, but he emphasised several limitations. First, outside of groups 1 and 4, the classification is not very
detailed and has no therapeutic impact for groups 2 and 3 of PH, although they represent the majority of
PH cases. In addition, within the same group, i.e. in idiopathic PAH, there are significant differences in
phenotypes and severity, resulting in different treatments; however, the classification does not reflect the
heterogeneity of phenotypes. Furthermore, certain phenotypes remain difficult to classify, such as PH in
older patients, pre-capillary PH in smokers with low diffusing capacity of lungs for carbon monoxide
(Drco) and normal thoracic CT scan and respiratory volumes, nitric oxide responders not responding to
calcium channel blockers and patients with sickle cell disease. Some patients may also have PH that can fit
into two groups, or they might present comorbidities which could attribute the pulmonary vascular disease
to another group, and it is up to the clinician to decide on the most likely cause of PH. Finally, the current
classification does not consider certain biological features such as inflammation, cell hyperproliferation,
metabolic anomalies and oxidative stress, which may be relevant: phenotyping the patients according to
these findings could be useful for their management. The PH classification could thus be improved by
pursuing research on these sub-phenotypes, developing biological or molecular biomarkers to recognise
new ones, identifying responders to vasodilator treatments in groups 2 and 3, and building clinical trials
with new treatments targeting these sub-phenotypes.

During the discussion, the two experts agreed on the general usefulness of this classification, in particular
for non-experts in PH, but also on the need to go further in the identification of new sub-phenotypes
beyond the five groups.

Pulmonary hypertension due to lung diseases and/or hypoxia

PH in the context of lung disease is one of the most common forms of PH, although reliable estimates are
lacking because of the few clinical indications for right heart catheterisation (RHC), the gold standard for
PH diagnosis. Once considered as a broadly homogeneous group of diseases, in which the pulmonary
vascular derangement arose as a consequence of hypoxic vasoconstriction, recent advances have outlined
differences in genetic, clinical, functional and haemodynamic characteristics of patients with PH associated
with COPD, interstitial lung disease (ILD) and other lung diseases.

Pathogenesis, pathology and phenotypes
To better characterise the pathogenesis of pulmonary vascular impairment in the different lung diseases,
several authors have presented interesting works at the ERS 2021 congress.

In recent years, three independent studies found an association between a Dy o below 45% and a poor
prognosis in PH [37-39]. There are PAH subtypes in which D; o tends to be low, such as pulmonary
veno-occlusive  disease/pulmonary capillary haemangiomatosis or scleroderma-associated PAH.
Additionally, PH due to emphysema or ILD also present with lower D;co. In contrast, most of [PAH
patients show relatively preserved gas exchange and a mildly impaired D;co suggesting that the
alveolocapillary unit remains largely intact [40]. Karen Olsson discussed a subtype of idiopathic PAH,
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mostly presenting in elderly patients with a smoking history, characterised by a low Dico and marked
hypoxaemia in the absence of parenchymal lung disease. Hoeper and Vonk-Noordegraaf previously
described that tobacco smoke might cause direct damage to the alveolo-capillary unit leading to a
vanishing capillary syndrome [41-43]. In this line, Karen Olsson showed the results of a cluster analysis
from the COMPERA registry to determine IPAH phenotypes [44] based on age, sex, Dy co <45% versus
>45%, smoking status and presence of comorbidities (obesity, hypertension, coronary heart disease and
diabetes mellitus). Three clusters were identified: Cluster 1, named “classic IPAH” (n=106; 12.6%), was
mostly composed of younger, non-smoking females without comorbidities and with Dy o >45%; Cluster
2, named “heart failure with preserved ejection fraction (HFpEF)-like” (n=301; 35.8%) was predominantly
composed of older, non-smoking females with a few comorbidities and Dy o >45%; and Cluster 3, named
“cardiopulmonary phenotype” (n=434; 51.6%) was the most frequent, composed of older smoking males
with frequent comorbidities and low Dy co. Patients in Cluster 1 had a better response to PAH treatment
and survival than patients in the two other clusters. In summary, lower D;co in pulmonary vascular
disease is associated with impaired response to PAH therapy and worse prognosis (figure 1).

BHATTARAT et al. [45] have assessed in detail the early arterial changes found in COPD patients that could be
preceding the establishment of PH. They considered four groups: COPD patients who were current smokers,
COPD patients who were ex-smokers, patients with small airways disease and smokers with normal lung
function; specimens from the four groups were compared with pulmonary arteries of control subjects. They
found that all study groups had a reduced number of pulmonary arteries compared to control subjects and
that COPD patients who were still smoking presented the highest increase in arterial wall thickness, which
affected most prominently the intimal layer and reversed slightly when they stopped smoking. Interestingly,
parameters of airflow obstruction and small airways calibre correlated with arterial wall thickness, possibly
suggesting a dynamic interaction between the two anatomical structures, which needs to be further explored.
In the same line, Gaixwabp et al. [46] presented another study by the same group that assessed pulmonary
arterial remodelling in idiopathic pulmonary fibrosis (IPF) patients compared to control subjects, observing
a reduction in the number of arteries of size 300-1000 pm, as well significantly increased arterial thickness;
the deposition of elastin in the extracellular matrix was a clear contributor of the increased thickness. To
elucidate the mechanism of these alterations, Galkwap and co-authors also assessed the presence of
mesenchymal markers S100A4 and vimentin proteins in the arterial wall, finding them increased in IPF
patients and thereby suggesting that the pulmonary arterial walls might be undergoing endothelial to
mesenchymal transition. These interesting histological findings should be confirmed with 3D-reconstruction
imaging techniques to further assess vessel density and remodelling.

The observation that COPD patients with severe PH present distinctive pulmonary function test (PFT)
features, such as severe hypoxaemia and greatly reduced Dico despite milder airflow obstruction, was
made over 15 years ago [47]. To assess the determinants of hypoxaemia in patients with COPD and severe
PH, Piccari et al. [48] used the multiple inert gas elimination technique (MIGET) during the diagnostic

« Best prognostic cut-off value in three independent studies
« Distinct IPAH phenotype (mostly elderly patients with smoking history)

Diagnostic « Indicates capillary and/or post-capillary involvement (i.e. SSc, PVOD/PCH,
relevance smoking-related vanishing pulmonary capillary syndrome)

Prognostic « Impaired response to PAH therapy, or even harmful effects (PVOD)
relevance « Ominous prognosis whenever PVD is associated with low D, ¢

FIGURE 1 Low diffusing capacity of lungs for carbon monoxide (D co) in patients with pulmonary vascular
disease (PVD) (courtesy of Karen Olssen). IPAH: idiopathic pulmonary arterial hypertension; SSc: systemic
sclerosis; PVOD: pulmonary veno-occlusive disease; PCH: pulmonary capillary haemangiomatosis; PAH:
pulmonary arterial hypertension.
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RHC of COPD patients with suspected severe PH [49] and compared the results with historical COPD
patients without PH and with mild—moderate PH who had been similarly studied. Besides the known PFT
features, patients with COPD and severe PH presented greater ventilation/perfusion (V' »/Q’) mismatch and
increased proportion of blood flow to areas with low ventilation or shunt; they presented also with lower
mixed venous blood oxygen pressure (Py,) as a result of right ventricular failure. They concluded that in
patients with COPD and severe PH, hypoxaemia results from several factors such as severe V',/Q’
mismatch and right ventricular failure; thus, pulmonary vascular alterations play a fundamental role in the
profound gas exchange impairment found in these patients.

Diagnosis

There are clinical and physiological indicators of PH in ILD. An increased dyspnoea despite preserved
lung volumes, low oxygenation and need for oxygen supplementation or high flow rates, rapid oxygen
desaturation even in mild exercise, low Dy o and low transfer coefficient of the lung for carbon monoxide
(Kco) and hyperventilation (low P,co,) to maintain oxygenation are signs that increase the likelihood of
PH [50, 51]. Katerina Antoniou (Greece) highlighted that noninvasive screening for PH in ILD patients is
sufficient in most clinical scenarios, whereas RHC should be restricted to patients in which exercise
limitation cannot be fully explained by lung function anomalies in case the patient is enrolled in a clinical
trial or to lung transplant candidates.

The diagnostic workup in PH is often at first a process of elimination of more prevalent forms [52]. As a
contribution to this, SAuNDERs et al. [53] presented an intriguing study on the possibility to detect lung
disease during cardiac magnetic resonance (CMR) in the workup for suspected PH, using CMR metric
lung T;, a noninvasive, non-ionising marker of lung parenchymal health that is sensitive to changes in
both lung tissue and lung perfusion. Using a single-slice, inspiratory Look-Locker T1 mapping acquisition
[54] and comparing the T; images from 82 patients with suspected PH and 10 healthy volunteers with
computed tomography (CT) scans, previously assessed by radiologists as showing no lung disease,
fibrosis, emphysema, hypoattenuation, consolidation or ground glass, they found that T, was indeed able to
identify patients with lung disease (n=18) from those with other forms of PH (n=53), and that within
patients with lung disease a lower T; was correlated with the presence of emphysema. Thus, they suggest
that with a short additional acquisition during a CMR, the suspicion of lung disease could be assessed and
potentially orient the diagnostic process towards group 3 PH.

Treatment

According to the PH guidelines and the statement from the 6th World Symposium on Pulmonary
Hypertension, adjunctive therapies such as oxygen therapy when indicated, pulmonary rehabilitation,
diuretics and stabilisation of the underlying lung disease remain the cornerstones of treatment. The use of
PAH therapies in group 3 PH is controversial, and therapeutic decisions should be made at experienced PH
centres and patients should be enrolled in clinical trials [36, 49]. The clinical trials of pulmonary
vasodilator therapy in PH-IPF have largely been disappointing, although recent breakthroughs have
reopened the debate [55].

The results of clinical trials and retrospective studies examining the role of sildenafil in PH-ILD are
inconclusive. The STEP-IPF trial compared sildenafil with placebo in a population of patients with
advanced IPF enriched for the presence of PH by means of reduced Dy . Although the study failed to
demonstrate a difference in the primary end-point of a >20% increase in 6-min walk test (6MWT)
distance, sildenafil improved a number of secondary end-points, including quality-of-life measures, arterial
oxygen saturation and Dy co [56].

On this note, Dawes et al. [57] retrospectively analysed the outcome of 183 patients with group 3 PH
(67% of which with ILD-associated PH, PH-ILD) attended during the last 20 years at the Royal Brompton
Hospital (London, UK) and found a transplant-free survival benefit of a little over a year (2.33 versus
1.09 years) in ILD patients treated with sildenafil compared to those not treated; the benefit was largest in
younger males with normal tricuspid annular plane systolic excursion (TAPSE) and high pulmonary
vascular resistance (PVR). This is in contrast with the STEP-IPF which did not observe statistically
significant differences in death or acute exacerbation in advanced IPF patients; however, pulmonary
haemodynamics were not assessed in the study [56]. Thus, further trials could explore the efficacy of
phosphodiesterase-5-inhibitors (PDE5-i) in ILD patients with an established diagnosis of PH, following the
retrospective analysis by Dawes and colleagues.

The INSTAGE study, a randomised controlled trial combining sildenafil with the antifibrotic agent
nintedanib in patients with IPF enriched for the presence of PH, failed to replicate the quality-of-life
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improvement achieved with sildenafil in the STEP-IPF trial. However, the combination of sildenafil plus
nintedanib demonstrated a statistically significant reduction in the combined end-point of death or absolute
decline in forced vital capacity (FVC) <5% [58]. A phase IIb study to assess the efficacy and safety of
sildenafil added to pirfenidone in patients with advanced IPF and at risk for PH showed no benefit on
disease progression [59]. As underlined by Vincent Cottin, the available evidence suggests that the use of
sildenafil in PH-ILD is unlikely to be harmful and may be beneficial.

The randomised, placebo-controlled study to evaluate safety and effectiveness of ambrisentan in IPF
(ARTEMIS-IPF) study was terminated early due to lack of efficacy and potential harm after enrolment of
nearly 500 patients [60]. The RISE-IIP trial, a phase IIb study of riociguat in patients with idiopathic
interstitial pneumonias with RHC-confirmed PH was terminated early for increased rates of serious adverse
events and death in the treatment group. The study also failed to demonstrate improvement in 6MWT
distance in patients treated with riociguat [61]. On the basis of these data, ambrisentan and riociguat
should not be used in patients with PH-ILD.

The INCREASE study, which compared inhaled treprostinil with placebo in 326 patients with PH-ILD
achieved its primary end-point in the treprostinil arm increasing 6MWT distance with improvements in
secondary end-points, such as N-terminal pro-brain natriuretic peptide and time to clinical worsening [62].
A post hoc analysis with the aim of characterising the effects of inhaled treprostinil on FVC revealed an
improvement in the treatment arm, especially in patients with IPF and other idiopathic interstitial
pneumonias [63]. The various trials mentioned are summarised in table 1.

Post-capillary PH

Most of the current scores to distinguish between pre- and post-capillary PH were developed by expert
centres but lack external validation. The OPTICS score is a refined version of the previously developed
Jacobs’ left heart failure risk score, which uses a combination of clinical data, ECG and echocardiographic
variables (figure 2) [64]. HJ Bogaard discussed the results of the external validation of the OPTICS score in
a prospective cohort from 12 community hospitals. Using a cut-off value of >104, the OPTICS score had a
positive predictive value of 100% for detection of post-capillary PH. Interestingly, in the same cohort, a

TABLE 1 Overview of trials with targeted pulmonary hypertension (PH) medication in interstitial lung diseases mentioned in this article

Trial Subjects Study Drugs Patient Duration Primary end-point Other
n type population result outcomes
STEP-IPF 180 RCT Sildenafil versus 12 weeks No improvement in No difference in
(2010) [56] placebo 6MWT death or

exacerbation
Improvement in QoL

Dawes et al. 183 Retrospective PDE-5 versus no Group 3 PH Median Transplant-free survival
(2021) [57] treatment (67% ILD-PH) follow-up 2.33 versus 1.09 years
1.6 years
INSTAGE 247 RCT Sildefanil IPF+PH 24 weeks No improvement in Reduction of death/
(2018) [58] +nintedanib versus QoL decline in FVC
placebo+nintedanib
Behr et al. 247 RCT Sildenafil IPF+risk of 52 weeks No benéefit for disease
(2021) [59] +pirfenidone versus PH progression/death
placebo
+pirfenidone
Artemis-IPF 68 RCT Ambrisentan versus IPF Terminated Lack of efficacy and
(2013) [81] placebo early potential harm (more
hospitalisation)
RISE-IIP 147 RCT Riociguat versus IIP+PH Terminated Increased SAE and
(2019) [61] placebo early death in patients with
riociguat
INCREASE 326 RCT Treprostinil ILD-PH 16 weeks Increase in 6MWT Improvement
(2021) [62] inhalative versus NT-proBNP, time to
placebo clinical worsening

RCT: randomised controlled trial; 6BMWT: 6-min walk test; QoL: quality of life; PDE-5: phosphodiesterase-5; ILD: interstitial lung disease; FVC: forced
vital capacity; IPF: idiopathic pulmonary fibrosis; IIP: idiopathic interstitial pneumonia; SAE: serious adverse event; NT-proBNP: N-terminal pro-brain
natriuretic peptide.
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Clinical variable Values Points

Obesity Body mass index >30 kg:m-2 22
Medical history of

Diabetes mellitus Medical history of diabetes mellitus 26
Atrial fibrillation Paroxysmal or persistent 21
Dyslipidaemia Non-fasting total cholesterol >5 mmol-L-1; 17

HDL-C <1.0 mmol-L-1; LDL-C >3 mmol-L-1

Valvular surgery Mitral or aortic valvular surgery in medical 56
history without residual left valvular heart
disease (less than mild on echocardiography)

ECG
SV1+RV6 per mm Sum of s wave in V1 and r wave in V6 on ECG 1x (SV1+RV6)
(in mm)
Echocardiography
Left atrial dilation Left atrial volume above 34 mL:m-2 21
OPTICS risk score

Total points r T T T T T T T T T

0 17 28 37 45 54 63 74 91 107
Probability of f T T T T T T T T

0.2 03 04 05 06 0.7 0.8 0.9 0.95

post-capillary PH

FIGURE 2 OPTICS risk score. HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein
cholesterol; SV1: s wave in V1 ECG lead; RV6: r wave in V6 ECG lead; PH: pulmonary hypertension.

high probability of HFpEF assessed by the H,FPEF score [65] did not exclude the presence of pre-capillary
PH. Consequently, the OPTICS score might help to avoid unnecessary invasive procedures by predicting
elevated pulmonary artery wedge pressure in PH patients without clear signs of left heart disease.

Portopulmonary hypertension

Laurent Savale discussed interesting novelties in portopulmonary hypertension (PoPH). PoPH is the
concomitant presence of PAH and portal hypertension in patients with or without cirrhosis. PAH can
develop in 2 to 6% of patients with portal hypertension and results from complex pathophysiological
interactions between the portal and pulmonary circulation. Based on the high prevalence of cirrhosis, it is
likely that PoPH remains underdiagnosed in many countries. In large PH registries, patients with PoPH
represent 5 to 15% of patients with PAH, with the highest prevalence observed in the French registry, up
to 20% of patients with PAH. According to data from the French registry, survival of patients with PoPH
is highly influenced by the severity of the underlying liver disease. In terms of treatment, the current PH
guidelines state that the algorithm for the management of patients with PAH can be cautiously applied to
those patients, considering the severity of PAH, the severity of the liver disease and the possibility of liver
transplantation. Indeed, the management of patients with PoPH is complex and must be based on a
multidisciplinary approach, in particular for liver transplant candidates. PAH medications seem particularly
efficacious in terms of haemodynamic improvement. However, patients with PoPH are usually excluded
from the main randomised controlled trials (RCTs). There is a single RCT, the PORTICO study, that
showed that macitentan decreased PVR by 35% after 12 weeks, without significant change in exercise
capacity, and the treatment was well tolerated [66]. Most of the patients from the French registry (n=637)
were treated with monotherapy. Interestingly, the effect of monotherapy on PVR was similar with a
PDE-5i (—37%) and with an endothelin-receptor antagonist (ERA) (—40%). In patients with PoPH, initial
combination therapy of an ERA and a PDE-5 inhibitor resulted in marked haemodynamic improvement,
reaching a decrease in PVR of about 60% [67].
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Finally, PoPH is usually a contraindication to liver transplantation. However, survival of patients with
PoPH who underwent liver transplantation was better than non-transplanted patients, including those with
mild cirrhosis [67]. The use of PAH drugs allows liver transplantation to be considered in selected
patients, those who achieve sufficient improvement in haemodynamics, with a mean pulmonary arterial
pressure <35 mmHg and/or PVR <3 WU. Those haemodynamic criteria allowing liver transplantation
might be reached in at least 80% of PoPH patients after treatment with PAH medications [68]. Finally,
normalisation in pulmonary haemodynamics is an achievable goal by combining PAH medications and
liver transplantation in selected patients. Patients with PoPH who underwent liver transplantation no longer
progress and have excellent long-term outcomes [67].

Pulmonary hypertension in the COVID-19 pandemic and beyond

COVID-19 pandemic and pulmonary hypertension

The COVID-19 pandemic greatly affected patients’ life including patients living with PH. MonTant et al.
[69] presented a national retrospective cohort study from the French PH registry. Data from 211
pre-capillary PH patients suffering from SARS-CoV-2 infection were collected: 40% were outpatients,
32% were hospitalised in a conventional ward and 28% in an intensive care unit. Acute PE was diagnosed
in five cases. Overall and in-hospital mortality was 25% and 41%, respectively. Non-survivors were
significantly older, predominantly males and with comorbidities. No worsening of PH was noticed for
survivors after the COVID-19 infection.

BaratTo et al. [70] reported an observational analysis of the impact of the COVID-19 lockdown on
exercise capacity in 63 patients with stable PAH. A comparison of the pooled 6MWT distances between
three pre-lockdown and one post-lockdown visits showed a significant reduction of 6MWT distance of
14 m (p=0.004).

These findings, among others presented in this session, illustrate the consequent impact of the COVID-19
pandemic on potentially frail patients living with PH, and highlight the need for a comprehensive patient
support throughout this difficult period.

Also noteworthy

Traditionally, vitamin K antagonists have been the mainstay of anticoagulant treatment in PAH and
CTEPH but DOACs are now increasingly used [71-73]. A small study by Boxan et al. [74] investigated
the choice of anticoagulant therapy after PE as a risk factor for CTEPH severity. Among 21 CTEPH
patients over a 2-year period, DOACs were prescribed in 71.4% of cases (more frequently apixaban,
followed by rivaroxaban and edoxaban) compared with 29% of cases treated with vitamin K antagonists
(phenprocoumon). The choice of anticoagulant did not show any statistically significant effect on any
selected parameters related to CTEPH severity. These results need confirmation in a larger trial.

In a “real life” randomised crossover study, ScHNEIDER et al. [75] investigated exercise performance and
hypoxia-related health effects in 28 stable patients with PH during a high-altitude stay. Symptom-limited
constant work-rate exercise test time reduced from 24 min to 17 min after >3 h at 2500 m of altitude, with
similar dyspnoea level. Heart rate and tricuspid regurgitation pressure gradient were higher at altitude, but
the slope of the relationship between the regurgitation pressure and cardiac output during exercise was
similar at both levels. Short-time exposure to hypoxia was well tolerated for most patients with PH.

Imaging of pulmonary hypertension in adults: a position paper from the Fleischner Society

The Fleishner society published this year a position paper on imaging of PH in adults [76]. David Kiely
gave an overview of the novelties included in this statement paper in the session Clinical challenges
beyond guidelines, with a focus on magnetic resonance imaging (MRI) in PH. Although RHC will remain
mandatory in the diagnostic algorithm for the necessary distinction between pre- and post-capillary PH,
MRI should play an increasingly important role in patient monitoring in the coming years. Cardiac MRI is
promising for the noninvasive follow-up of PH patients, as it provides a comprehensive evaluation of the
heart with quantification of right ventricular volumes, mass and function, which are critical for PH
prognosis [77]. In addition, innovative MRI techniques allow an increasingly precise evaluation of
pulmonary haemodynamics and lung perfusion [78-80].
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