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PH in parenchymal lung diseases

- COPD

» Idiopathic interstitial pneumonia
»+ Combined emphysema fibrosis

- Sarcoidosis

- Histiocytosis X

* LAM
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Definition of pulmonary
hypertension (PH)

* mPAP > 25 mmHg at rest

* The definition requires a precise
measurement of mPAP= RHC



- Echo : PAPs measurable in

- Good correlation between

Evaluation of PAP in advanced

pulmonary disease
Echodoppler or RHC?

+ 374 pts, evaluated for
LTx, COPD: 68%
+ RHC and echo in all pts

* PH in 25% of pts
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166 pts (44%)

invasive PAPs and echo
PAPs
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Arcasoy et al, AJRCCM 2003



» Inaccuracy of echographic measurement (52%
of the measurements are inaccurate)

» Echo for the diagnosis of PH (PAPs >45mmHg):
- Sensitivity~ 85%

- Specificity: 55%, PPV 52%

» Considerable overdiagnosis of PH with echo

Arcasoy et al, ATRCCM 2003



Mr TRA..., 60 year-old

» Diagnosis of COPD, under O, therapy since 2007
* Major dyspnea: 30 m on the flat, 1 flight of stairs

+ Sat: 92% (3|/m|n), 84% RA
- FEV1. 2,26l, FEV1/FVC: 567

+ « Low » PAP on echocardiography

+ RHC= PAPs: 50mmHg, PAPd:20 mmHg, PAPm:30
mmHg



Questions

» Can we confidently make the
diagnosis of PH?

* Does this case represent an usual
profile?



PH in COPD

Main characteristics

* PH is not constant

* Prevalence is variable (20-90%), depending on the
severity of the airway obstruction

* mPAP is modestly elevated
in general: 25 mmHg<mPAP<35 mmHg
- Conservation of cardiac output

* Marked elevation of mPAP during exacerbations
followed by a return to baseline

+ Statistical relation between mPAP and FEV,/PaO,



PH in COPD

Main characteristics

* On exercise: m PAP increases markedly in
patients with resting PH

- 30 W exercise in pts with advanced COPD:
- doubling of cardiac output

- mPAP rises from 25-30 mmHg to 50-60 mmHg
- PVR does not decrease during exercise



PH in COPD

Main characteristics

« Slowly evolutive (ImmHg/year)
« Predictive of hospitalisation for EA kessler R , ATRCCM 2009
* Proven prognostic value Andersen K, JHLT 2012

Normal pulmonary pressures

T

Pulmonary hypertension

2 4 6 8 10 12

Time after evaluation for lung transplantation (years)



Pulmonary hemodynamics in COPD

Oswald-Mamosser, Respiration 1991

+ 151 pts, FEV, : 1200ml, mPAP: 17 + 5 mmHg
* mPAP>20 mmHg in 20% of cases

SM Scharf ATJRCCM 2002 (NETT study)

+ 120 pts (FEVy: 27% pred, DLCO: 26% pred)
+ Results of RHC

- mPAP: 26 + 5 mmHg, CI: 2.9 |/min/m,
- PH in 90% of pts (>20mmHg)



PH in COPD

» Chronic hypoxia with vascular remodeling +++

Acute hypoxia/pulmonary vasoconstriction
Direct effect of smoking on the pulmonary vasculature

Destruction of the capillary circulation in case of
emphysema

Increase of intrathoracic pressure

Increase of alveolar pressure
Hyperviscosity
Comorbidities: thrombo embolic disease, OSA



PH in IPF

Main characteristics

« Inconstant

» Prevalence is variable depending on the
stage of the disease

* mPAP is modestly elevated at rest

- Marked increase at exercise

+ Statistical relation mPAP/PaO,
* No relation found with lung volumes
* Proven prognostic impact



PH in IPF

+ Weitzenblum Respiration 1983
- 31 IPF pts, VC: 65% pred
- studied by RHC at rest and exercise
- mPAP : 21.7+7.8 mm Hg at rest
- mPAP: 45.3+16.2 mm Hg at moderate exercise
- mPAP>20 mm Hg : approximately 50% of pts



PH in IPF

Patients referred for LTx

Personal data
+ 48 IPF pts, VC: 39% pred,
* PAPm: 29.6+10.2 mmHg, PH in 61.7% of cases

Lettieri CJ, Chest 2006
+ 79 IPF pts, VC~50% pred
* mPAP:29.5+3.3 mmHg, PH in 32% of pts
 Relation between mPAP and DLCO/6MWT

* No relation between mPAP and lung volumes
* Clear impact of mPAP on survival



Pronostic impact of PH in IPF patients
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1-yr mortality : 28% with PH, versus 5.5% without PH (p=0.002)

Lettieri CJ, Chest 2006;129:746
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PH and risk of AE in IPF

» b5 IPF patients assessed for LTx (RHC)

* PAPm: 21+6.8 mmHg

» 27 experienced AE during follow-up

»+ PH at initial assessment= risk factor for AE
(HR: 2.5, p= 0.026)

Judge EP et al. ERJ 2012; 40: 93
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Management of PH in the Setting of Chronic Lung Disease
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Bayer Terminates Phase Il Study with Riociguat in
Patients with Pulmonary Hypertension Associated
with Idiopathic Interstitial Pneumonias

Communiqué de presse Mai 2016



Clinical observation

Some pts with COPD or IPF differ from
the usual profile:

- much higher level of PAPm

- level mPAP sometimes disproportionate with
the degree of bronchopulmonary involvement



COPD, 49 yrs, NYHA IIT

*+ FEV1:. 70% pred, DLCO: 32% pred

» CT : centrolobular emphysema

* PaO,: 58 mm Hg, PaCO2: 36 mm Hg (RA)
» Sa0, (RA): from 91% to 83% on 6mWT

- mPAP: 39 mmHg, CI: 2.2 I/min/m2 at rest



Disproportionate (severe) PH

Simple clinical definition
» Association of parenchymal lung disease and PH, with a
mPAP level above the usual values

* Proposed threshold: mPAP>35 mmHg at rest

+ Severe PH (Nice 2013) : PAPm>35 mmHg or PAPm>25

with CI<2l/min/m?

» Should we consider the pulmonary hemodynamic profile
at exercise?



COPD, 71 yrs, NHYA IITI, O, for 3 yrs

* FEV1: 66% pred, DLCO: 32% pred

* PaO,: 51 mmHg, PaCO,: 34 mmHg (RA)
- Sa0,: from 87% to 64% on 6MWT

* mPAP:32 mmg Hg at rest

* mPAP: 55 mm Hg for a 10W exercise
without rise in cardiac output

+ Specific TT ?



Severe PH-COPD
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215 COPD patients :
169 males/46 females

N

123 patients evaluated . 92 patients evaluated

before Lung Volume Reduction Surgery before Lung Transplantation

FEV, (% pred) : 27.9 £ 129  FEV, (% pred) : 18.5 = 9.5
mPAP: 254 = 7.6 mPAP: 27.8 &= 7.3
PaO2:66.2 = 12.5 PaO2:554 £+ 12.2
PaCO2: 40.6 = 6.6 PaCO2: 50.1 = 10.0

Thabut, Chest 2005; 127: 1531
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Distribution of PAPm

PAPm>25mmHg :108 (50.2%)
25<PAPm<35mmHg:79 (36.7%)
35<PAPm<45mmHg :21 (9.8%)
PAPm>45mmHg :8 (3.7%)
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Thabut, Chest 2005; 127: 1531



Cluster analysis

According to hemodynamic, spirometric measurements and arterial blood
gases, 4 groups were determined by cluster analysis :

- Group 1 (n=30): FEV1: 415%, mPAP: 19mmHg, PaO2: 80mmHg
All Patients assessed before LVRS

= Group 2 (n=106): FEV1: 20.3%, mPAP: 24 5mmHg, PaO2: 65mmHg
Patients assessed for LVRS (66 %) or before lung transplantation (337%)

- Group 3 (n=63): FEV1: 17%, mPAP: 31.3mmHg PaO2:48 mmHg
All patients assessed before lung transplantation

= Group 4 (n=16) FEV1: 48.5%, mPAP: 40 mmHg, Pa02: 46.2 mmHg, PaCO2: 39 mmHg
Patients assessed either before LVRS or lung transplantation

Thabut, Chest 2005; 127: 1531
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Severe PH in COPD

998 COPD patients with RHC in stable condition

Chaouat AJRCCM 2005, 172:189



Severe PH in COPD

The Strasbourg experience

Characteristics of the 11 pts

+ FEV1:. 50% pred (44-57), dyspnea: 4 (3-5)

* PaO,: 46 mmHg (35-62), PaCO,: 32 mmHg (26-37)

- mPAP: 48 mmHg (42-54), CI: 2.25 |/min/m? (1.23-2.48)
Significant difference with a control group of COPD pts
+ Pa02, PaCO2, DLCO

- dyspnea grade

- FEV1

- Survival

A Chaouat AJRCCM 2005; 172:189



Severe PH-COPD

The Strasbourg experience

|L and < 40 mm Hg

36 48 60 72 84 96 108 120

Time (months)

41 32 25 18 14 11
Chaouat AJRCCM 2005; 172:189




Severe PH in COPD

+ Some COPD pts present with a predominant
pulmonary vascular disease and a probable
circulatory limitation

* Particular profile (clinical presentation,
prognosis, PFT, hemodynamics, blood gas
results)

* Potential candidates for specific treatments
* Genetic susceptibility?

- Fortuitous association COPD/PAH or direct

role of COPD in the genesis of PH?



Detection of severe PH-COPD

* When RHC is done systematically
(LTx, LVRS, routine)
- Systematic echocardiographic assessment
- if PVR>3.5m/s: RHC

- if PVR < 3.5 m/s or non interpretable : RHC in case of
discrepancy between severity of the COPD and:

- Dyspnea

 Desaturation on exercise
* Hypoxemia

- DLCO

H Mal Curr Opin Pulm Med 2007
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Pulmonary hypertension (PH) is commonly observed in chronic obstructive
pulmonary disease (COPD) with a mean pulmonary artery pressure (mPAP)
usually below 35 mmHg.

A small proportion of COPD patients present with severe PH, defined by a
mPAP above or egal 35 mmHg.

The prevalence of severe PH associated with COPD is estimated to be between
1 and 5%. Little is known on the characteristics of COPD patients with severe
PH.

Objective

The aim of the study is to provide a description of this subgroup of patients.

Methods

We prospectively included and followed in a national registry all patients with
COPD and mPAP > 35 mmHg measured by right heart catheterization.

We excluded the files of patients with pulmonary artery wedge pressure
(PAWP) above 16 mmHg.
From January 2013 to September 2015, 68 patients were included in this

registry.

Survival rate

Patients
characteristics

Age (years) 66 +/- 8
Female (%)
Smoking habbit

Current smoker
(%)
Ex smoker (%) 300 54;0 700

52 +/- 27 Days

Pack/year

Functional character

FEV1 (% pred) 48 +/- 18
FEV1 post BD(% pred) 53 +/-20
FEV1/FVC (%) 47

TLC (% pred) 111 +/-21
TLCO (% pred) 25+/- 11
KCO (% tpred) 34+/-18

53+/-13
38 +/-8

PaO, room air (mmHg)
PaCO, room air (mmHg)

Gold 1 (%)
Gold 2 (%)
Gold 3 (%)
Gold 4 (%)

COPD assessment test
(CAT) 18 +/-7

BODE index S1+/-22

RAP (mmHg) 9+/-5
PAPm (mmHg) 43 +/-8
PAWP (mmHg) 12 +/-4
CO (I/min) 5.54/-1,6
CI (I/min) 3.1+/-09
PVR (WU) 6+/-2.8

cs
Results

We analyzed the characteristics of the first 68 patients of this cohort collected in
12 french centers.

There were 9 prevalent cases and 59 incident cases.

The diagnosis of PH was obtained on the average 4 years after the diagnosis of
COPD.

PFT showed a moderate obstructive pattern with a mean FEV1 at 53+20% of
predicted and a low TLCO at 25+11% of predicted.

Almost all patients had emphysema lesions on CT scan.
All patients were hypoxemic on room air without hypercapnia.

Hemodynamic profile showed severe pulmonary vascular disease with a mPAP
at 43+8 mmHg with a low PAWP =12+ 4 mmHg.

Among the 68 patients, 22 had comorbid conditions that may have affected the
level of PAP (12 sleep apnea syndrom, 9 venous thrombo-embolic disease, 1 left
ventricular dysfonction).

Out of the 68 pts, 51 patients received antiproliferative therapy. .

The median survival of this cohort was 877 days after the diagnosis of severe
PH.

onciusions

The results of this prospective cohort show that this subgroup of COPD patients is characterized by
moderate level of airway obstruction, marked hypoxemia, low TLCO and high level of mPAP.

The patients presenting with this entity have a poor proghosis, the mortality being higher than expected
in COPD patients with this level of airway obstruction.




Severe PH in pts with advanced IPF,
evaluated for LTx

AF Shorr, ERJ 2007

+ 3457 IPF pts listed in the UNOS registry
+ 2525 had RHC

* 46% had PH

* 9 % had severe PH (mPAP>40 mmHg)
Beaujon Hospital, personal data

+ 48 IPF pts listed for LTx

+ 25 mmHg<mPAP<35 mmHg: 46.8%

+ Severe PH~15% of pts
- 35 mmHg<mPAP<45 mmHg: 8.5%
- mPAP>45 mmHg: 6.4%



Severe PH in IPF

» Subgroup of pts with severe PH

* Prevalence is not precisely known

- Impact on prognosis?

* Implication in the acute exacerbation?
+ Benefit of a specific treatment?



Management of severe group 3 PH

m Management of PH in the Setting of Chronic Lung Disease

Underking Lung Diseasa mPAP < 25 mm HE at Rest mPAP 26 and <36 mm HE at Rest mPAP 35 mm HE ot Rest®
COPD with FEVL »80% of pradictad Mo FH FH clamificafion uncsrtain PH classification uncatain: discdmination
IPF with AC >70% of predicted Mo PAH trestment o dats cumrently support trestment betwesn PAH (group 1) with concomitam
CT- shsence of or onby very miod esd alreay recammendad with PAapomeed drugs lung disease or PH caused by hung
ar parenchymal sbnormalifes dissms (growp 3
Refer to a center with spertiss In both PH

and chmonio kg dsease
COPD with FEVL <80% of pradiciad o PH PH-DOPD, PHAPE, PHCPFE Severs PHOOPD, sovers PHIPF, sovens
IPF with PC < T0% of predicsd Mo PAH trestmen o dat oumen Sy suppoet trastmend PH-CPEE
Combinsd pumonary flhmss and recammendad with PAapomeed drugs Rator to & contar with axpeibse bn both PH
amphEema o CT and chronic lung disease for Indied u feed
patient care because of poor progniosis;
wadomizad conrollad Sials required

*Lover PA pregaee e Fnay b chinbcally sigeificasn im OO0, TPLD paniees with depeeseed o aniias imdhe o Fight veeeic e o hamonioe,
CPFE — comibimad paalvioaaey fibeaia and emphysema mPAR — meds palenosady Jmedy biessast, olbey abbeviadons a4 s Table 1

Seeger W, JACC 2013



Specific TT of severe PH/IPF and COPD

Bosentan or sildenafil
Encouraging results

Short series
- Duration
- Number of pts included

Larger series are required

B Madden Vascular Pharmacol 2006
S Alp, Pulm Pharmacol&Therap, 2005
Wilkens , ATJRCCM 2005, 2, A195
Sulica AJRCCM 2005, 2, A 204
Collard, Chest 2007

Vitulo P, JHLT 2016



Combined fibrosis and emphysema

61 pts, PH (echo) present in:
- 47 % at diagnosis
- 55% during follow-up

* 40 pts with RHC:
PAPm: 40 mmHg, >35 mmHg: 68%

PH: critical determinant of
prognosis

Cottin et al. Eur Resp J 2005
Cottin et al. Eur Resp J 2009




m Management of PH in the Setting of Chronic Lung Disease

Underkving Lung Diseaza mPAP =25 mm My at Rast mPAP 26 and <35 mm HE ot Rest mPAP >35 men Wy of Rest®

COPD with FEVL »80% of prediciad Na FH FH clamificasion unceriain PH clesification uncartain: dsofmination
IPF widh PVC T of predided Ho PAH tresiment Ho data cumen Sy support trestment betwesn PAH (group 1) with concomitant
CT: sbsence of or onlky very modest alreay recommendad with PAHapomwed drgs hung disease or PH caused by hng

ar parsnchemal shnormalitas

Rator fo & conier w spewiime bn both PH

and chonic hng dsease
COPD with FEVL <80% of predicied Mo PH PH-COPD, PHAPF, PHLCPFE Severe PHCOPD, severe PHHFF, severe
IPF widh PVC < T of predided Ho PAH tresiment Ho data cumen Sy support trestment PH-LPFE
Comblned pulmonary flomss and recommendad with PAHapomwed drgs Refer to a cenler with expertios in both PH
emphsema o CT

*Lower PR pregeares may be clisheally 3 igaificast is COPD,DPLD patieats with depiresetd Caaliae inden o right veawic el dy e ioe,
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PH in sarcoidosis
Main characteristics

+ PH is a rare complication of sarcoidosis
* Not uncommon in advanced disease

* Frequent in pts listed for LTx

* When present, PH is often severe

Shorr AF, Eur Resp J 2005
+ 363 pts listed for LTx

* PH: 74% of pts

* mPAP>40mmHg: n=131 (36%)



PH in sarcoidosis
Main characteristics

» Clear prognostic impact at least in pts on waiting
list for LTx
Arcasoy Chest 2001, Shorr Chest 2003
+ The majority of cases are observed in pts with
stage IV
- 15/22 cases (68%) Nunes Thorax 2005
- 23/38 cases (60%) Sulica Chest 2005

* No relation between hemodynamics and lung
volumes in stage IV

» Cases are also observed in stage O, I, IT, ITT



PH in sarcoidosis

- Mechanism:

- Lung fibrosis
- Vasculopathy (granuloma, VOD)

- Compression by adenopathies
- Mediastinal fibrosis
-~ Pulmonary embolism

» Small-size open studies have reported
encouraging results with bosentan,
sildenafil, epoprostenol



PH in histiocytosis X

* PH is uncommon in pulmonary
Langerhans’ cell histiocytosis (PLCH)
* In advanced forms of the disease

- PH is very frequent

- When present, PH is most often severe



PH in histiocytosis X
The A. Béclere experience

+ 21 pts with advanced PLCH referred for LTx

- All of them had severe PH

* mPAP: 59 + 4 mm Hg (range 36-74 mmHg)

* No correlation between mPAP and PFT

* Pathological findings (n = 12) : intrinsic
proliferative vasculopathy involving both
small to medium-sized arteries and septal
veins. VOD in 1/3 of pts

Fartoukh M. et al. ATRCCM 2000



Histiocytosis X

» 39 pts who had LTx for PLCH at 7
centers in France

* PH (PAPm>25 mmHg): 92% of cases
» PAPm>35 mmHg: 72.5% of cases

G Dauriat et al, Transplantation 2006



Lung Transplantation for Lymphangioleiomyomatosis:
The French Experience

44 pts who underwent LTx in France

PH in 450/0 Of PTS
Mean PAP: 33+8.3 mmHg

Pulmonary hypertension in
lymphangioleiomyomatosis:
characteristics In 20 patients

Vincent Cottin, Sergio Harari, Marc Humbert, Hervé Mal, Peter Dorfmuiiller,
Xavier Jais, Martine Reynaud-Gaubert, Grégoire Prevot, Romain Lazor,

Camille Taillé, Jacques Lacronique, Sabrina Zeghmar, Gérald Simonneau,
Jean-Francois Cordier and the Groupe d’Etudes et de Recherche sur les Maladies

“Orphelines’ Pulmonaires (GERM“O”’P)

20 LAM pts with PH
Mean PAP: 32+6 mmHg, CI: 3.5+1.1L/min/m?

. o
Mean PAP>35 mmHg 20% Eur Respir J 2012; 40: 630-540
Dot 3/09031936.00093111

Copyright@ERS 2



Conclusions

* Renewal of interest on the pulmonary circulation in
parenchymal diseases

+ Beftter description of the hemodynamic profile of the pts

- Identification of su.b%roups of pts with a predominant
vascular disease which could be a target for a specific
treatment

- The so called « vasodilator » treatment is not recommended
at the present time
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