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Aggressive Treatment in PAY

Has two meanings:

ü Early in the course of the disease (at an early stage)

ü Rapid/initial combination therapy



PAH patients in 
(WHO-FC) I/II had 
significantly better 
long-term survival 

than those 
patients in WHO-

FC III/IV

Survival depends on NYHA FC at 
diagnosis 

Why is early treatment needed?

Humbert M et al. Circulation 2010
A, Kaplan-Meier estimates of survival 



28 Yrs- Old Woman, History of SLE

ÅManaged with plaquenil

ÅAdmitted in 2013 with 
lupus flare

ÅEcho findings:
ÅNormal LV function

ÅRV dilated

ÅRVF moderately impaired

Å2+ TR

ÅEstimated systolic 
PAP=60mmHg

ÅChest CT scan normal 
parenchyma
ÅV/Q scan low probability 

for thromboembolic
disease
ÅTreated with pulsed dose 

steroids with improvement 
and stabilization
Å1 mo after discharge, echo 

was repeated
ÅRV mildly dilated with 

mildly impaired RVF
ÅEstimated PAP=45mmHg



2013 Baseline

RA (mmHg) 8

PA (mmHg) 53/29/37

PCWP (mmHg) 10

CO (L/min) 5.1

CI (L/min/m2) 2.7

PVR (Wood units) 5.2

BNP (pg/mL) 122

6MWD (m) 415

NYHA FC II

RHC and Associated Diagnostics



Diagnosis and Initial Therapy

Å Diagnosed with CTD-associated PAH

Å NYHA FC II

Å Initial monotherapy with sildenafil20 mg 3x daily



2015 ESC/ERS - Risk assessment in PAH

Determinants of 

prognosisa

Low risk 

< 5%

Intermediate risk 

5-10%

High risk 

> 10%

Clinical signs of right 

heart failure
Absent Absent Present

Progression of symptoms No Slow Rapid

Syncope No Occasional syncopeb Repeated syncopec

WHO functional class I, II III IV

6MWD > 440 m 165-440 m < 165 m

Cardiopulmonary exercise 

testing

Peak VO2

> 15 ml/min/kg

(> 65% pred.)

VE/VCO2 slope < 36

Peak VO2

11-15 ml/min/kg 

(35-65% pred.)

VE/VCO2 slope 36ï44.9

Peak VO2

< 11 ml/min/kg

(< 35% pred.)

VE/VCO2 Ó 45

NT-proBNP plasma levels 
BNP < 50 ng/l

NT-proBNP < 300 ng/ml

BNP 50-300 ng/l

NT-proBNP 300-1400 ng/l

BNP > 300 ng/l

NT-proBNP > 1400 ng/l

Imaging 

(echocardiography, CMR 

imaging)

RA area < 18 cm2

No pericardial effusion

RA area 18-26 cm2

No or minimal, pericardial 

effusion

RA area > 26 cm2

Pericardial effusion

Haemodynamics

RAP < 8 mmHg

CI Ó 2.5 l/min/m2

SvO2 > 65%

RAP 8-14 mmHg

CI 2.0-2.4 l/min/m2

SvO2 60-65%

RAP > 14 mmHg

CI < 2.0 l/min/m2

SvO2 < 60%

aEstimated 1-year mortality. 
bOccasional syncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient. 
cRepeated episodes of syncope, even with little or regular physical activity. 





2013 Baseline 2014 ~ 9 months

RA (mmHg) 8

PA (mmHg) 53/29/37

PCWP (mmHg) 10

CO (L/min) 5.1

CI (L/min/m2) 2.7

PVR (Wood 
units)

5.2

BNP (pg/mL) 122 95

6MWD (m) 415 465

NYHA FC II II

Treatment ---- Sildenafil

Follow-Up 2014



2013 Baseline 2014 
~ 9 months

2016
~ 2 yrs

RA (mmHg) 8 10

PA (mmHg) 53/29/37 67/31/43

PCWP (mmHg) 10 12

CO (L/min) 5.1 4.7

CI (L/min/m2) 2.7 2.5

PVR (Wood units) 5.2 6.5

BNP (pg/mL) 122 95 136

6MWD (m) 415 465 380

NYHA FC II II III

Treatment ---- Sildenafil Sildenafil

Follow-Up 2016



2015 ESC/ERS - Risk assessment in PAH

Determinants of 

prognosisa

Low risk 

< 5%

Intermediate risk 

5-10%

High risk 

> 10%

Clinical signs of right 

heart failure
Absent Absent Present

Progression of symptoms No Slow Rapid

Syncope No Occasional syncopeb Repeated syncopec

WHO functional class I, II III IV

6MWD > 440 m 165-440 m < 165 m

Cardiopulmonary exercise 

testing

Peak VO2

> 15 ml/min/kg

(> 65% pred.)

VE/VCO2 slope < 36

Peak VO2

11-15 ml/min/kg 

(35-65% pred.)

VE/VCO2 slope 36ï44.9

Peak VO2

< 11 ml/min/kg

(< 35% pred.)

VE/VCO2 Ó 45

NT-proBNP plasma levels 
BNP < 50 ng/l

NT-proBNP < 300 ng/ml

BNP 50-300 ng/l

NT-proBNP 300-1400 ng/l

BNP > 300 ng/l

NT-proBNP > 1400 ng/l

Imaging 

(echocardiography, CMR 

imaging)

RA area < 18 cm2

No pericardial effusion

RA area 18-26 cm2

No or minimal, pericardial 

effusion

RA area > 26 cm2

Pericardial effusion

Haemodynamics

RAP < 8 mmHg

CI Ó 2.5 l/min/m2

SvO2 > 65%

RAP 8-14 mmHg

CI 2.0-2.4 l/min/m2

SvO2 60-65%

RAP > 14 mmHg

CI < 2.0 l/min/m2

SvO2 < 60%

aEstimated 1-year mortality. 
bOccasionalsyncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient. 
cRepeatedepisodes of syncope, even with little or regular physical activity. 



Recommendations for combination therapy in PAH 
continue to evolve

2004
ESC1,2

2009
ESC/ERS3,4

2015
ESC/ERS5,6

Sequential combination 

therapy

MAY BE CONSIDERED 

in patients who fail to show 

improvement or who 

deteriorate on a single drug 

(monotherapy)

EVIDENCE LEVEL: IIb-C

Combination therapy 

SHOULD BE CONSIDERED 

in patients on monotherapy 

with what was called 

óinadequate clinical responseô 

(i.e. patients not improving 

and remaining in WHO FC III)

EVIDENCE LEVEL: IIa-B

In WHO FC IV patients initial 

combination therapy

should be considered

Evidence level: IIa-C

Sequential drugs 

combination therapy

IS RECOMMENDED

in patients with inadequate 

treatment response to initial 

monotherapy or to initial 

double combination therapy 

EVIDENCE LEVEL: I-B 

In WHO FC IV patients initial 

combination therapy including 

i.v. prostacyclin should be 

considered 

Evidence level: IIa-C

1. Gali¯ N, et al. J Am Coll Cardiol 2004; 43:81S-88S; 2. Gali¯ N, et al. Eur Heart J 2004; 25:2243-78; 

3. Barst RJ, et al. J Am Coll Cardiol 2009; 54:S78-84; 4. Gali¯ N, et al. Eur Heart J 2009; 30:2493-537; 
5. Gali¯ N, et al. J Am Coll Cardiol 2013; 62:D60-72; 6. Gali¯ N, et al. Eur Heart J 2016; 37:67-119.



Recent Trials of Sequential Combination Therapy

Å The efficacy and safety of sequential combination 

therapy has been evaluated in long-term trials using 

morbidity and mortality as a primary endpoint

Kopec G, et al. J rare Cardiovasc Dis 2015;2:103-107



15; 6 April 2014

Event-driven: 85 (PL) to 104 (10 mg)



16; 6 April 2014



SERAPHIN AND CTD-patients

Pulido T, et al. N Engl J Med 2013; 369: 809-18.



Effect of Macitentan on morbidity or mortality 

in patients receiving background therapy

(95% CL 0.43ς0.89; log-rank p value
0.009)

Combination vsmonotherapy: Risk reduction 38%
(95% CL 0.43ς0.89; log-rank p value 0.009)

Am J CardiovascDrugs https://doi.org/10.1007/s40256-017-0260-1

Median 115 wks



ÀOther aetiology consists of idiopathic or familial PAH, or PAH

related to HIV infection or drugs and toxins.

Primary endpoint: 

Exploratory subgroup analysis (10mg)

0.1 1 10

All patients 76/242 116/250

Sex (interaction p value = 0.73)

Male 16/48 35/65

Female 60/194 81/185

Race (interaction p value = 0.82)

Caucasian/white 43/135 58/131

Asian 19/65 36/71

Other 14/42 22/48

PAH therapies at baseline (interaction p value = 0.24)

Yes 50/154 68/154

No 26/88 48/96

PAH aetiology (interaction p value = 0.84)

Connective tissue disease 20/73 31/82

Congenital shunts 4/21 10/26

Idiopathic/OtherÀ 52/147 75/140

Geographical region (interaction p value = 0.82)

North America 4/23 5/30

Western Europe/Israel 12/48 21/51

Eastern Europe/Turkey 24/62 33/59

Asia 21/68 33/68

Latin America 15/41 24/42

Hazard ratio (95% CI)

Pulido T, et al. N Engl J Med 2013; 369: 809-18.

Macitentan 10 mg Placebo Favours macitentan Favours placebo

No. of events/no. of patients



Recommendations of efficacy for sequential drug combination 

therapy for PAH (group 1) according to WHO FC 

Measure/treatment
Class of recommendation ïLevel of evidence

WHO-FC II WHO-FC III WHO-FC IV

Macitentan added to sildenafil* I B I B IIa C

Riociguat added to bosentan I B I B IIa C

Selexipag** added to ERA and/or PDE-5i* I B I B IIa C

Sildenafil added to epoprostenol - - I B IIa B

Treprostinil inhaled added to sildenafil or bosentan IIa B IIa B IIa C

Iloprost inhaled added to bosentan IIb B IIb B IIb C

Tadalafil added to bosentan IIa C IIa C IIa C

Ambrisentan added to sildenafil IIb C IIb C IIb C

Bosentan added to epoprostenol - - IIb C IIb C

Bosentan added to sildenafil IIb C IIb C IIb C

Sildenafil added to bosentan IIb C IIb C IIb C

Other double combinations IIb C IIb C IIb C

Other triple combinations IIb C IIb C IIb C

Riociguat added to sildenafil or other PDE-5i III B III B III B

*Time to clinical worsening as primary endpoint in RCTs or drugs with demonstrated reduction in all-cause mortality (prospectively 

defined). **This drug was not approved by the EMA at the time of publication of these guidelines.



2013 Baseline 2014 
~ 9 months

2016
~ 2 yrs

2017
~ 1 yr

RA (mmHg) 8 10

PA (mmHg) 53/29/37 67/31/43

PCWP (mmHg) 10 12

CO (L/min) 5.1 4.7

CI (L/min/m2) 2.7 2.5

PVR (Wood units) 5.2 6.5

BNP (pg/mL) 122 95 136 75

6MWD (m) 415 465 380 480

NYHA FC II II III II

Treatment ---- Sildenafil Sildenafil Sildenafil+ 
Macitentan

Added 
Macitentan

Follow-Up 2017



2013 Baseline 2014
~ 9 months

2016
~ 2 yrs

2017
~ 1 yr

2018
~ 1 yr

RA (mmHg) 8 10 11

PA (mmHg) 53/29/37 67/31/43 66/33/46

PCWP (mmHg) 10 12 12

CO (L/min) 5.1 4.7 4.1

CI (L/min/m2) 2.7 2.5 2.1

PVR (Wood 
units)

5.2 6.5 8

BNP (pg/mL) 122 95 136 75 154

6MWD (m) 415 465 380 480 345

NYHA FC II II III II III

Treatment ---- Sildenafil Sildenafil Sildenafil+ 
Macitentan

Sildenafil+ 
Macitentan

Add Macitentan

Follow-Up 2018



2015 ESC/ERS - Risk assessment in PAH

Determinants of 

prognosisa

Low risk 

< 5%

Intermediate risk 

5-10%

High risk 

> 10%

Clinical signs of right 

heart failure
Absent Absent Present

Progression of symptoms No Slow Rapid

Syncope No Occasional syncopeb Repeated syncopec

WHO functional class I, II III IV

6MWD > 440 m 165-440 m < 165 m

Cardiopulmonary exercise 

testing

Peak VO2

> 15 ml/min/kg

(> 65% pred.)

VE/VCO2 slope < 36

Peak VO2

11-15 ml/min/kg 

(35-65% pred.)

VE/VCO2 slope 36ï44.9

Peak VO2

< 11 ml/min/kg

(< 35% pred.)

VE/VCO2 Ó 45

NT-proBNP plasma levels 
BNP < 50 ng/l

NT-proBNP < 300 ng/ml

BNP 50-300 ng/l

NT-proBNP 300-1400 ng/l

BNP > 300 ng/l

NT-proBNP > 1400 ng/l

Imaging 

(echocardiography, CMR 

imaging)

RA area < 18 cm2

No pericardial effusion

RA area 18-26 cm2

No or minimal, pericardial 

effusion

RA area > 26 cm2

Pericardial effusion

Haemodynamics

RAP < 8 mmHg

CI Ó 2.5 l/min/m2

SvO2 > 65%

RAP 8-14 mmHg

CI 2.0-2.4 l/min/m2

SvO2 60-65%

RAP > 14 mmHg

CI < 2.0 l/min/m2

SvO2 < 60%

aEstimated 1-year mortality. 
bOccasionalsyncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient. 
cRepeatedepisodes of syncope, even with little or regular physical activity. 







Eur Respir J 2017;50:1602425 

[https://doi.org/10.1183/13993003.02425-2016]

RESPITE investigated 

the safety, feasibility and benefit of switching from PDE-5i to riociguat



Patients in 

Å WHO FC III, 

Å 6-MWD 165ï440 m, 

Å cardiac index <3.0 LĿminī1Ŀmī2and 

Å PVR >400 dynĿsĿcmī5

underwent a 1ï3 day PDE-5i treatment 

free period before receiving riociguat

Eur Respir J 2017;50:1602425 

[https://doi.org/10.1183/13993003.02425-2016]

RESPITE: Patient disposition and flow over 24 wks of 

treatment



RESPITE: change from BSL in 6-MWD, NT-proBNP, FC

p<0.0001
Eur Respir J 

2017;50:1602425 

[https://doi.org/10.1183/1399

3003.02425-2016]



Å The findings from RESPITE indicate that replacing PDE-5i 
with riociguatmay be a feasible and effective treatment 
strategyfor patients with PAH who have an insufficient 
clinical response to PDE-5i monotherapy or to combination 
therapy with ERA and PDE-5i. 

Å This study represents an important step towards 
determining if this new treatment strategy is an effective 
approach to the management of patients with PAH, although 
additional data from larger, randomized, controlled studies 
are neededto further establish the safety and efficacy of this 
approach.

Conclusions

Eur Respir J 2017;50:1602425 

[https://doi.org/10.1183/13993003.02425-2016]




