
Evolution of management guideline for 

pulmonary hypertension 

Jae Seung Lee M. D. 

Department of Pulmonary and Critical Care Medicine

Pulmonary hypertension & Venous thrombosis center

Asan medical Center, University of Ulsan College of Medicine





Hemodynamic Definition of 

PH and PAH

PAH
Mean PAP ≥25 mm Hg plus

PAWP ≤15 mm Hg

PVR > 3 Wood units

PH Mean PAP ≥25 mm Hg



Hemodynamic profiles in PH

Increased CO

Left to right shunt 

(VSD, ASD, PDA)

Liver cirrhosis

Hyperthyroidism

Anemia

ESRD

Etc.

PAH

= 

precapillary 

PH

Pulmonary 

venous 

hypertension 

(PVH)

= 

postcapillary PH



폐고혈압의 혈역학적 분류

Korean guideline for diagnosis and treatment of pulmonary hypertension. 
2020 



PAH vs PVH

McLaughlin VV et al. J Am Coll Cardiol 2015;65:1976–97



폐고혈압의 임상적 분류

Korean guideline for diagnosis and treatment of pulmonary hypertension. 
2020 



IPAH is “orphan disease”
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Prevalence of PAH/IPAH

IPAH≒ 1% of PH 



PAH in South Korea

Song SJ, et al. PLoS ONE 13(12):e0209148

PAH incidence : 4.84 patients /1 million people/year

IPAH (51.6%) , CHD-PAH (25.8%), CTD-PAH (17.2%) 



Diagnostic algorithm of PH

Echo

V/Q scan

RHC



Echocardiographic probability of PH



Other Echo ‘PH sign’



Chest CT of IPAH patient



V/Q scan vs CTPA in CTEPH

Scintigraphy CTPA

V/Q (1)* V/Q (2)#

Sensitivity (%) 97.4 96.2 51.3

Specificity (%) 90 94.6 99.3

Accuracy (%) 92.5 95.2 82.8

NPV (%) 98.5 97.9 79.7

PPV (%) 83.5 90.3 97.6

J Nucl Med 2007; 48:680–684

* Intermediate with high-probability scans as indicative of CTEPH.

# Only high-probability scans as indicative of CTEPH.



V/Q scan vs CTPA in CTEPH



Right heart catheterization

1. 폐고혈압 확진 및 분류

2. 치료 방법 및 약제 선택

3. 폐고혈압 중증도 평가



폐동맥압 측정
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Measurement of PCWP

18

1) Identification of the A wave during exhalation

(right before the beginning of the pressure decline)

2) Average the top and bottom values of the A wave



Measurement  of cardiac output

19

❖Thermo-dilution method 

- At least 3 measurements within 10% of each other

- limitations in severe TR and congenital heart defect

- must be performed by trained personel

❖Fick method

CO (L/m)  =

- Direct Fick method: gold standard method

- Indirect Fick method:  inaccurate estimate of O2 consumption

oxygen consumption (mL O2/m)

arteriovenous oxygen difference (mL of O2/L)



Indirect Fick vs Thermodilution



Inaccuracy of Estimated Resting Oxygen Uptake

21

Narang N, et al. Circulation. 2014;129:203-210



Measurement of CO in PH: Thermodilution

22

Hoeper et al. AJRCCM1999;160:535–541



• There is no cure for PPH, nor is there a therapeutic 

approach which is uniformly accepted or successful.
• General measure : avoid aggravating factors of PPH.

• Supplemental oxygen therapy

• Cardiac glycosides and diuretics

• Anticoagulation therapy

• Vasodilators (nifedipine, diltiazem, postacycline, PGE1)

• Atrial septostomy

• Lung transplantation; Heart-lung or double lung

1993 ACCP consensus statement on PPH



Survival in patients with IPAH: 

the era before PAH target agents

D’Alonzo GE, et al. Ann Internal Med. 1991;115:343-349

➢ NIH registry (1981-1985 to 1988), 194 patients with IPAH

Median survival; 2.8 years



Calcium channel blockers on survival in PPH

Rich et al. N Engl J Med 1992;327:76-81

64 patients with PPH

17                      16 ((94%)

47                      26 (55%)

p=0.003

NIH registry

60 patients with PPH in AMC

Ahh JH et al. Korean Med Sci 2014; 29: 1665-1671 



Acute vasodilator testing

• Indication: All IPAH patients 

• Agent for acute vasodilator testing

iNO, inhaled iloprost, IV epoprostenol, IV adenosine

• Definition of positive vasodilator response

1. Fall in mPAP ≥ 10 mmHg  and

2. mPAP ≤ 40 mmHg and

3. with an increased or unchanged cardiac outcome



Approved PAH targeting agent



Continuous intravenous epoprostenol

for primary pulmonary hypertension

P= 0.003 by the log-rank test

Barst et al. N Engl J Med 1996;334:296-301

• 12 week open-label prospective, randomized, 

multicenter trial, PPH-FC III, IV

P=0.003 by the log-rank test

• 6 min-walk distance ↑

• Quality of life ↑

• Hemodynamics

mean PAP ↓

cardiac index ↑

PVR ↓

• Survival ↑



1997 algorithm for the management of PPH

Rubin LJ. N Engl J Med 1997;336:111-117

Anticoagulation

Oral CCB

Anticoagulation

Possible oral 

CCB

Evaluation of Vaso-reactivity by Challenge Test

Marked Fall in PVR

Oral CCB

Response No Response

Moderate of Minimal 

Fall in PVR

NYHA class 

III or IV

NYHA class 

I or II

NYHA class

I or II

Anticoagulation

Epoprostenol
Transplantation

Anticoagulation

HYHA class

III or IV



Bosentan for PAH: BEATHE-1 study

Rubin LJ, et al. N Engl J Med 2002;346:896-903

• 12 week prospective, randomized, multicenter open trial,

• PAH(PPH, CTD-PAH), FC III, IV

• Bosentan improved 6MWD (44m,  P<0.001), Borg dyspnea index and 

WHO functional class and increased the time to clinical worsening.



Inhaled iloprost for PAH: AIR study

Olschewski H, et al. N Engl J Med 2002;347:322-9

Inclusion:  IPAH (51/51)  Drug-PAH (4/5) CTD-PAH (13/22)  CTEPH (33/24)

FC-III (60/59)  FC IV (41/43)   

Primary endpoint: clinical improvement ( NYHA class and 6MWD at least 10%) 

Result:   iloprost 16.8% vs placebo 4.9%, p=0.007

12 week, double-blind, prospective, randomized, multicenter trial



Continuous SC treprositnil in PAH

Inclusion: PPH (134/136), PH with CTD (41/49) or CHD (58/51)

FC II (25/28), III (190/192), IV (18/16)

Design: 12 weeks, double-blind, placebo-controlled multicenter  

Simonneau G, et al. Am J Respir Crit Care Med Vol 2002; 165: 800–804. 

Exercise capacity 

; ∆6MWD   16 m (p=0.006)

-> Greater in the sicker 

and dose-related.

Improvement in hemodynamics

And dyspnea score



Beraprost for PAH

• Chemically stable, orally active

– Start 20 µg by mouth 4 times a day; increase in increments of 20 µg 

4 times a day if tolerated

Barst et al., J Am Coll Cardiol 2003; 41:2119-2125

* 12-month double-blind, randomized, placebo-controlled trial 

➢ No significant improvement in dyspnea, functional class, survival



ACCP 2004 guidelines for PAH

CHEST 2004; 126:35S–62S



Sildenafil for PAH: SUPER study

• 12 week, double-blind, prospective, randomized, multicenter trial

• PAH(PPH, CTD-PAH, CHD-PAH), FC II (39%), III (58%)

Galie N, et al. N Engl J Med 2005;353:2148-57.
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Bosentan treatment in patients with 

mildly symptomatic PAH; EARLY study

Galie et al. Lancet 2008; 371: 2093–100

Patients : 185 patients with FC-II PAH (IPAH, PAH-CTD, PAH-CHD, PAH-HIV)

Primary endpoint : change in PVR & 6MWD after 6 month

Treatment effect −22·6%, p=0.0001 treatment effect of 19.1 m (p=0.075)



Ambrisentan for PAH: ARIES 1, 2 

Galie N, et al. Circulation. 2008;117:3010-3019

• 12 week, double-blind, prospective, randomized, multicenter trial



ESC/ERS 2009 guidelines for PH

European Heart Journal (2009) 30, 2493–2537

• PAH target agent for WHO-FC II

• Sequential combination



Targets multiple pathologic

processes

Overcomes limitations of 

monotherapy

Establishes synergy 

among agents

Ghofrani HA, et al. Eur Respir Rev. 2014;23:469-475.

The rationale for combination therapy

❖ None of the available treatment options cures  PAH  and the  

disease will eventually progress despite active treatment.



Strategies for the evaluation of 
combination therapy

Provencher et al. Chest 2005;128;622S-628S



Goal-oriented treatment and 

combination therapy for PAH

Eur Respir J 2005; 26: 858–863

Treatment goals:
1) 6MWD > 380m

2) Peak VO2 > 10.4 mL/min/kg

3) peak systolic BP > 120mmHg

during exercise

Double combination  51 (43%)

Triple combination  19 (16%)

IV iloprost 5 (4%)

Transplantation 1



Survival of patients with IPAH with a goal-

oriented treatment strategy

Eur Respir J 2005; 26: 858–863



Sequential combination therapy 

in SERAPHIN trial

Placebo

(n = 250)

Macitentan

3 mg

(n = 250)

Macitentan 

10 mg

(n = 242)

All patients

(n = 742)

Background PAH therapy, n (%)

Yes 154 (61.8) 163 (65.7) 154 (63.6) 471 (63.7)

Phosphodiesterase-5 

inhibitors 
150 (60.2) 154 (62.1) 150 (62.0) 454 (61.4)

Oral/inhaled prostanoids 7 (2.8) 18 (7.3) 15 (6.2) 40 (5.4)

No 95 (38.2) 85 (34.3) 88 (36.4) 268 (36.3)

N Engl J Med 2013;369:809-18



N Engl J Med 2013;369:809-18

Primary endpoint: Morbidity and Mortality

All patients Patients with background Therapy 



Sequential combination therapy 

in Patent-1 trial

Ghofrani HA, et al. N Engl J Med 2013;369:330-40.



The safety and efficacy of UPTRAVI in patients with PAH was established in the GRIPHON, phase 3 trial.  

Patient characteristics at baseline: background therapy, FC, etiology

Modified from Sitbon O, et al. N Engl J Med. 2015 Dec 24;373(26):2522-33 

Sequential combination therapy 

in GRIPHON trial



GRIPHON study : Primary endpoints 

Primary endpoint events

= first events only, n (%)

Placebo 

n = 582

Selexipag 

n = 574
Selexipag vs. placebo

Number of patients (%) HR (95% CI) p-value‡

All primary endpoint events 242 (41.6) 155 (27.0)

0.60

(0.46-0.78) <0.001

Hospitalization for PAH worsening 109 (18.7) 78 (13.6)

Disease progression 100 (17.2) 38 (6.6)

Death (all causes) 18 (3.1) 28 (4.9)

Initiation of parenteral prostanoid or 

chronic O2 therapy for PAH worseni

ng

13 (2.2) 10 (1.7)

PAH worsening resulting in need for 

lung transplantation or balloon atrial 

septostomy

2 (0.3) 1 (0.2)

Modified from Sitbon O, et al. N Engl J Med. 2015 Dec 24;373(26):2522-33 



Triple combination therapy: 

Time to first morbidity or mortality

J. Gerry Coghlan , et al. Am J Cardiovasc Drugs 2018, 18;37-47



Triple combination therapy: 

The earlier, the better

Patients with WHO FC II at baseline Patients with WHO FC III at baseline

J. Gerry Coghlan , et al. Am J Cardiovasc Drugs 2018, 18;37-47



Sequential  combination therapy for PAH 

Korean guideline for diagnosis and treatment of pulmonary hypertension. 
2020 



ESC/ERS 2015 guidelines for PH

European Heart Journal (2016) 37, 67–119

• Initial treatment based on risk stratification

• Initial combination treatment



Risk assessment in PAH

Korean guideline for diagnosis and treatment of pulmonary hypertension. 
2020 



Simplified risk assessment in PAH

Korean guideline for diagnosis and treatment of pulmonary hypertension. 
2020 



폐동맥고혈압의 중증도 및 치료에 대한 임상적 반응 평가

Korean guideline for diagnosis and treatment of pulmonary hypertension. 
2020 



Initial (Upfront) combination therapy:
Ambrisentan+Tadalafil

Galie N et al. N Engl J Med 2015;373:834-44



Initial combination therapy for PAH 

Korean guideline for diagnosis and treatment of pulmonary hypertension. 
2020 



폐고혈압의 치료 알고리즘

Korean guideline for diagnosis and treatment of pulmonary hypertension. 
2020 



Lung transplantation



Take home messages

• Diagnosis of PH: Echo -> V/Q scan -> RHC

• Most common cause of PH: PH due to left heart disease

• Treatment of IPAH : based on acute vasodilator test 

risk stratification                        

• PAH target agents: Prostanoids, 

Endothelin receptor antagonists, 

PDE-5 inhibitors

• Initial combination treatment 


