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Updated classification of pulmonary hypertension

Connective tissue diseases

1. Pulmonary arterlal hypertension 3. Pulmonary hypertension due to lung diseases and/or hypoxia
11 |diopathic PAH 3.1 Chronic obstructive pulmonary disease
12 Hortabe PA
121 BMPR2 Dther pulmonary diseases with mixed
122 ALK-1 ENG, SMADS, CAV1, KCNK3 345Iﬂ&p—dl9nrdered breathing
123 Unknown 3.5 Alveolar hypoventilation disorders
1.3 Drug and toxin Induced 3.6 Chronic exposure to high altitude
14 Aszociated with: 37 Developmental lung diseases
142 HV Infection 5. Pulmonary hypertension with unclear multfactodal mechankms
143 Portal hypertension 5.1 Hematologie disorders: chronic hemolytic anemia, myeloprolferative
144 Congenital heart diseases disorders, splenectomy
145 Schitonomines 5.2 Systemic disorders: sarcoldosls, pulmonary histlocytosis,

1’ Pulmonary veno-occlusive disease and,or pulmnnary caplllary hemanglomatosis ymphan golelomyomatosls
- FRIEEN b ' = 5.3 Metabolic disorders gycogenstorage disease, Gaucher disease, thyrold disorders
2. Pulmonary hypertension due to left heart disease 5.4 Others tumora obstruction, fibroging mediastinitis, chronic renal fallure,
2.1 Left ventricular systolic dysfunction segmental PH

2.2 Left ventricular diastolic dysfunction
2.3 Vahular disease

2.4 Congenital /acquired left heart inflow/outflow tract obstruction and
congenital cardiomyopathies

“5th WSPH Nice 2013. Main modifications to the previous Dana Point classification are in bold.
BEMPR = bone morphogenic protein receptor type Il; CAVL = caveolinl; ENG = endoglin;
HIV = human immunodefidency virus; PAH = pulmonary arteral hypertension,

Simmoneau G et al. J Am Coll Cardiol 2013



Pulmonary Arterial Hypertension in France
Results from a National Registry
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15% of PAH have CTD
SSc is the leading cause of CTD-associated PAH

« SLE: 15% * Other ~ 10%
_ « MCTD
* SSC: 76% « Sjogren’s syndrome
* Polymyositis
* (Rheumatoid arthritis?)

Diffuse
33%

Limited
67%

Humbert M, et al. Am J Respir Crit Care Med 2006;173:1023-30.



SYSTEMIC SCLEROSIS

>Vascular >Fibrosis »Autoimmunity
hyperreactivity Autoantibodies
Raynaud’s phenomenon Skin Anti-Scl70
Renal crisis | Lung Anti-centromere
Pulmonary arterial Bowell Anti-ARNPollll

hypertension

Heart Ac anti-fibroblasts
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2013 classification criteria for SSc: an
ACR/EULAR collaborative initiative (I)

 Skin thickening of the fingers extending proximal
to the metacarpophalangeal joints: SSc;

o If that IS not present 7 additive items apply

— fingertip lesions,
— telangiectasia, i
— abnormal nailfold caplllarles

— Interstitial lung disease or pulmonary arterial
hypertension,

— Raynaud’s phenomenon,
— SSc-related autoantibodies.

van den Hoogen F et al. Ann Rheum Dis 2013



Telangiectases in Scleroderma: A Potential Clinical Marker of

Pulmonary Arterial Hypertension
Shah et al. J Rheumatol 2010

No ] 1 Yes

-]

10

Total Telangiectasia Scor

Graphs by FAH on Echocardicgram (RS2 > 45 mmHg) or Right Heart Catheterization




SYSTEMIC SCLEROSIS : EVOLUTION
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Pulmonary vascular remodeling in SSc-PAH

Vascular remodeling Circulating autoantibodies

Intima : EC apoptosis, activation and/or proliferation Anti-EC
Media: SMC hyperplasia/hy pertrophy Anti-Fb

Adventitia: inflammatory cell recruitment, cell prolife ration, and fibrosis / k Anti-PDGF receptor
Anti-RNA-polymerase Il

Anti-Centromere
5%&‘, Anti-Fibrillarin (U3 small nucleolar RNP)

Intima

Anti-Nag-2
<= EC

<a» Apoptotic EC

Anti-Topoisomerase 1
/ /"uﬂf?" Remodeled | Bl == Normal Anti-ThiTo
AL, B0 | =N Anti-PM/Sd
S K 4" 7z [ Anti-Fibritarin 1
o 7oz [ Anti-Matrix Metallo Proteinase 1-3
= 73 e Y o M A\ \

_Media
<= SMC
Catididéte genes
Adventitia .
CCL2 (MCP-1)
X \ CD19
% Dendritic cel TNF aipha
Monocyte > IL1 alpha
/ : IL10 (3-SNP haplotype)
® ?:-ymphocyte m‘\ CTGF
g ymphocyte 3\\ IRFS

IgG STAT4
Collagen — Endoglin

Le Pavec J et al 2010 AJRCCM



PAH-SSc: Prevalence

Author Yegr O.f Country PAH definition (RHC) PAH prevalence
publication
Mukeriee et MPAP > 25 mmHg at rest or > 30
aIJ 2003 UK at exercise pulmonary capillary < 12% (86/722)
' 14 mmHg
Hachulla E MPAP > 25 mmHg at rest or > 30
ot al ’ 2005 France at exercise pulmonary capillary < 7,85% (47/599)
' 14 mmHg
PAPmM 225mmHg at rest and
Vonk, et al. 2009 Netherlands normal pulmonary capillary 9,9% (113/1,148)
pressure
PAPmM 225mmHg at rest, or
Phung, et : =30mmHg at exercise pulmonary 0
al. 2009 Australia capillary < 15 mmHg and PVR> 13% (24/184)
240 dyn/s/cm?
PAPmM =225mmHg at rest, or
S :
Avouac, et 2010 France and _30mmHg at exercise pulmonary 3,6% (42/1,165)
al. Italy capillary < 15 mmHg absence of
pulmonary fibrosis
North PAPm 225mmHg au repos, ou
Hsu et al. 2014 America =230mmHg a l'effort et PCP < 13,9% (35/251)

15mmHg

tegemndre

P Vouthom £ PTesse Med 2014 —



PAH-SSc has a poor prognosis...

PAH-SSc has a poorer prognosis
than idiopathic PAH

100+
IPAH
g 757
I PAH-SSc
.2 501
-
-
(/)]
257 p = 0.002
O- ] ] I ]
1 2 3 4

Time (years)

Fisher MR, et al. Arthritis Rheum 2006; 54:3043-50.

In the modern treatment era PAH-SSc
has still a poor prognosis...

- 90% 78% 56%

c

0

® 075

c

2

c

9

3 0.50

@

T

K]

3 0

=]

0 — Product-limit estimate curve

o Censored observations
0.00
0.0 05 1.0 15 20 25 30
Time (years)

Patients at risk
All 85 81 74 65 54 32 A

Launay D, et al. Ann Rheum Dis 2013;72:1940-1946.



2015 ESC/ERS Guidelines

Table 26 Recommendations for pulmonary arterial
hypertension associated with connective tissue disease

Recommendations Class® | Level®| Ref.©

Resting echocardiography is
recommended as a screening test in
asymptomatic patients with SSc,

followed by annual screening with 6
echocardiography, DLCO and

biomarkers

RHC is recommended in all cases of 46327

suspected PAH associated with CTD

aClass of recommendation
®Level of evidence Galié N, et al. ESC/ERS Guidelines. Eur Heart J 2016 & Eur Respir J 2015.



Cardiac EchoDoppler
PAH definition

Vi
‘/V 2.5-3 mls
V.<25mls T Vir>3m/s
(= SPAP < 30 mmHg) (:—S/PAP 30-45 mmHg) (=~ SPAP > 45 mmHg)
No dyspnea Dyspnea (not
or dyspnea related to related to other
another cause causes)
N\ J I\ J
Y Y
NoO PAH PAH echography
U

Right cardiac catheterisation
Hachulla et al. Arthritis Rheum 2005



Cardiac catheterisation (n=33)

PAH : 18

[IMPAP > 25 mmHg at rest or > 30 mmHg
at exercise with PAWP < 15 mmHg]

— 25-35 mmHg: 14

— 35-45 mmHg: 3

— 45 mmHg: 1

Post-capillary “venous”pulmonary
hypertension: 3 (10%)

No PAH : 12 => 6 with mPAP > 20 mmHg

Hachulla et al. Arthritis Rheum 2005



HTP: quel est le bon diagnostic ?
Groupe 1

Point
d’obstruction

¢ Circulation >
sanguine

0 HTP précapillaire
(PAPM=225mmHg et P cap pulm<15mmHg

I et Resist vasc pulm>3WU) ‘ ‘

« |l s’agit bien d’une hypertension artérielle pulmonaire
« pré-capillaire »




HTP: quel est le bon diagnostic ?
Groupe 2: hypertension pulmonaire

, Point de pression
A élevée
"w/ <= J

@ Circulation
sanguine

@ HTP postcapillaire
(PAPmM=25mmHg et P cap pulm>15mmHg

I et Resist vasc pulm normales ‘ ‘

« |l s’agit bien d’une hypertension pulmonaire « post-
capillaire »




Survival rate (%)

Long-term outcomes in detected
VS routine SSc-PAH

Screening for Pulmonary Arterial Hypertension in
Patients With Systemic Sclerosis

Clinical Characteristics at Diagnosis and Long-Term Survival

Marc Humbert,! Azzedine Yaici,' Pascal de Groote,”? David Montani,’
Olivier Sitbon,' David Launay,® Virginie Gressin,* Loic Guillevin,”
Pierre Clerson,® Gérald Simonneau,' and Eric Hachulla®

100% 81% 73% 64%
H (95°% CI $1-83%) (95% Cl 43-85 a95% C1 33-84
100 h I . {
90 — E : §
75% ; :
80 — (85% CI 46-90%) :
70 —
60 —
p=0.0037
50 — HR=4.15
(CI1 95% 1.47-11.71)
40 — : 31%
: (95% Cl 11-54%) 25
30 — : | (95% Cl 8-47%)
: " 17%
20 — : (95% C1 3-39%)
10
Y : : Years of follow-up
0 1 year 3 years 5 years 8 years

Humbert M, et al. Arthritis Rheum 2011; 63:3522-30.



DETECT algorithm

SSc patients (> 3yr duration & DLCO<60%) to be screened (n = 408)

Missing d Step 1 No referral for echo
|SS|2952ata < 6 non-echo variables* True PAH neg. (n = 50)
(n=52) Total risk score > 300? False PAH neg. (n = 2)

No referral for RHC
True PAH neg. (n = 68)
False PAH neg. (n =1)

Step 2
Missing data

<] Step 1total score plus 2 echo
(n=37) variables

Total risk score > 35?

RHC for diagnosis of PAH

L For step 1 ROC AUC = 0.844, (95% CI, 0.795, 0.898).
False PAH positive (n = 129) For step 2 ROC AUC = 0.881 (95% Cl, 0.824, 0.923).

* telangiectasia, anti-centromere, PFT and DLCO,
ECG and biomarkers (NT-proBNP and uric acid) Coghlan JG, et al. Ann Rheum Dis. 2014.



PAH screening guidelineseSC/ERS
Guidelines 2015

L 4

Step 1
Non-echocardiographic variables
FVC % predicted / DLCO % predicted

Current / past telangiectasias
Serum ACA

Serum NTproBNP
Serum urate

ECG: right axis deviation

DETECT

L

Step 2

Total risk points from Step 1 plus
echocardiographic variables

Right atrium area
TR velocity

Total risk points > 357 ‘ Oul =

KT

Total risk points > 3007 ‘ Oul =

ETT

A

Coghlan et al. ARD 2014




DETECT online PAH risk calculator

ETECT g

DETECTion of PAH in

HOME | WHAT ISDETECT? | PAH RISK CALCULATOR | ABOUT SSCAND PAH | SUPPORTING INFORMATION

WELCOME TO THE PAH RISK CALCULATOR

AH risk calculator is 2 tool for zll physicians dezling with systemic sclerosis (SSc
ulator was developed and validated in the DETECT study. The DETECT study

ed and carried out by a group of experts, all of whom are physicians
ifferent countries, and was supported by Actelion Pharmaceuticals Ltd.

culator was developed for your daily clinical practise. It will help you to identify
¢ patients with pulmonary arterial hypertension (PAH), whichis 2
nts and is the leading cause of
th in patients with this disease. The Cc!C‘J?tOF is based on an algorithm with 2 high
itivity and specificity and can help you to decide which of your SSc patients should
raluated using echocardiography, and of those patients who should be referred
for right heart catheterization.

40; 20 October 2013

roh M QTN
LUl I

http://detect-pah.com




2015 ESC/ERS Guidelines

Table 26 Recommendations for pulmonary arterial
hypertension associated with connective tissue disease

Recommendations Class® | Level®| Ref.©

In patients with PAH associated with
CTD, the same treatment algorithm as | 46
for patients with IPAH is recommended

Oral anticoagulation may be considered
on an individual basis and in the b 175339

presence of thrombophilic
predisposition

2 Class of recommendation
®Level of evidence Galie N, et al. ESC/ERS Guidelines. Eur Heart J 2016 & Eur Respir J 2015,



Estimated incidence of pulmonary hypertension
during the 3-year followup period*

Estimated incidence
(no. of cases per
100 patient-vears)  95% CI

All forms of pulmonary 1.37 0.74-2.00
hypertension

Pulmonary arterial hypertension (.61 0.26-1.20
Among patients with leS5c 0.40 0.11-1.03
Among patients with deS5c 1.25 0.34-3.20

Postcapillary pulmonary (.61 0.26-1.20
hypertension

Pulmonary hypertension secondary 0.15 0.02-0.55

to pulmonary fibrosis

Q5% CI = 95% confidence interval; lehSc = limited cutaneous
systemic sclerosis; deSSc = diffuse cutaneous systemic sclerosis.

Hachulla et al. Arthritis Rheum 2009



Fréquence (%)

50 —

30|

Changes in causes of Systemic Sclerosis related
deaths between 1972 and 2001
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Mort (années)

Crise rénale
sclérodermique

HTAP
W Gastroinstestinale
w Fibrose pulmonaire
M Ccoeur

B Multiorgane

HTAP p=0,05

Gastro

instestinal  p=0,43
Coeur p=0,26

Steen et Medsger. Ann Rheum Dis 2007



The impact of comorbidities

Age

Myocardial involvement
Musculoskeletal involvement
Pulmonary fibrosis

Pulmonary Veno-Occlusive Disease



PAH complicating Pulmonary fibrosis

—t PAH-SSc

— .+t - PH-ILD
S 75
-
@

50
b=
@
o
L 2
a 2 Log-rank x =8.83

P<0.01
0

0 1 2 3 4 5 6 T
Survival in Years
Figure 1. Kaplan-Meier survival graph comparing patients with sys-
temic sclerosis (SSc) and pulmonary arterial hypertension (PAH) with
those with SSc and interstitial lung disease (ILD)—associated pulmo-
nary hypertension (PH). The x-axis shows years from diagnosis of PH
by right heart catheterization.

Mathai et al, Arthritis Rheum. 2009;60:569---77



Combined Pulmonary Fibrosis and Emphysema
Syndrome in Connective Tissue Disease

Table 1. Classification of connective tissue diseases in the 34 study
patients*

Rheumatoid arthritis 18 (53)
Systemic sclerosis 10(29)
Diffuse cutaneous 3

Limited cutaneous 720y
Mixed connective tissue disease 206)
Overlapping connective tissue disease 206)
Sjagren’s syndrome 1(3)
Polymyositis 1(3)

* Values are the number (%) of patients.

1001

Percent survival
g

0 2 4
Time (years)
#atrisk 32 17 13 7

o

Figure 2. Kaplan-Meier estimates of survival in patients with com-
bined pulmonary fibrosis and emphysema syndrome and connective
tissue disease.



Fibrous remodeling of the pulmonary venous
system in PAH associated with CTD




Pulmonary veno-occlusive disease
(PVOD) is not uncommon in SSc

Post-capillary
obstruction remains

Pulmonary Pulmonary arterial : Capillary Pulmopa

artery branch : bed

Increased CO

Pre-PAH therapy initiation Post-PAH therapy

Gunther S, et al. Arthritis Rheum 2012; 64:2995-3005.
Montani D, et al. Eur Respir J 2009; 33:189-200.



PVOD is not uncommon in SSc

Suggests PVOD in patients with severe PH & SSc

* Clinical
* More severe (NYHA IlI-IV)
« History of pulmonary oedema (on PAH therapy +++)

« HRCT
* Lymph node enlargement
« Centrilobular ground-glass opacities
« Septal lines

 PFTs & ABG
« Lower DLCO
* Lower PaO,

 BAL
« Hemosiderin-laden macrophages

Gunther S, et al. Arthritis Rheum 2012; 64:2995-3005.



Poor prognosis of PVOD-like disease in SSc

B
i ' " L‘ < 1 radiographic sign of PVOD

06 . D ena

04 . leie

Cum. Survival
'

0.2
P=0.03

Time to death or lung transplantation

> 2 radiographic signs of PVOD| 16 | 16 | 12 9 9 4 2 1 1

< 1 radiographic sign of PVOD 10 | 10 10 10 7 4 3 2 1

Gilnther S, et al. Arthritis Rheum 2012; 64:2995-3005.



Conclusions

»>8-12% of SSc patients develop PAH/Incidence 0.6%

» Detection: echocardiography

» Comfirmation: Right heart catheterization
(treshold....)

» Detect algorithm: step 1 and step 2

» Prognosis: reserved

> Impact of comorbidities
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