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Definition of PH

Mean pulmonary arterial pressure(mPAP)

Resting  25 mmHg 

Pulmonary arterial hypertension

adds the criterion of PCWP  15 mmHg and 
a pulmonary vascular resistance >3 Wood units



Updated Clinical Classification of Pulmonary Hypertension

(5th World Symposium, NICE 2013) 



Group 1 : PAH

Group 5



Pulmonary arterial hypertension (PAH)

• remodeling of the small pulmonary arteries

 mechanism ; unknown

 share morphological findings, clinical 
presentation, and clinical responsiveness 
to treatment with the continuous infusion 
of epoprostenol.

 leading to a progressive increase in 
pulmonary vascular resistance 

and right ventricular failure



3 Mechanistic pathways known to the disturbed  with 
PAH

McGoon MD et al. Mayo Clin Proc 2009;84:191-207
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Reverse remodeling and regenerative strategies as future 
concepts for PAH treatment



Diagnostic Criteria and WHO Categorization of PH

JAMA. 2012;308(13):1366-1374



N=297

N=328

2007 2008 2009 2010 2011 2012 20132006

First Patient Enrolled Last Patient Enrolled

Incidence
297x (12/39) / 47,990761*
= 1.9/yr/million

Prevalent and Incident Cases

Korean PAH Registry (KorPAH)

* Korean Statistical  Information Service (2010)



Functional Assessment Classification of Patients with 
Pulmonary Hypertension 



Chest 2010;137:376-87







Korean PAH registry program

Common Diagnostic Criteria

혈관연구회

폐혈관연구회

Objective : Clinical Characteristics of Korean PAH
Prevalence and Incidence
Gender, Age and Etiology
Clinical and Treatment status
Prognosis



Korean PAH registry Timeline





All Patients IPAH
All Patients

with APAH

APAH subgroup

CHD CTD others

Patients, No. (%) 625 (100) 145 (23.2) 480 (76.8) 159 (33.1) 311 (64.8) 10 (2.1)

Age, mean ± SD, yrs 47.6 ± 15.7 45.1 ± 15.7 48.4 ± 15.7 41.1 ± 13.4 52.2 ± 15.6 47.7 ± 10.0

Female, No. (%) 503(80.5) 106(73.1) 397 (82.7) 116 (73.0) 274 (88.1) 7 (70.0)

Functional class, n (%)

I 136 (21.8) 5 (3.5) 131 (27.3) 9 (5.7) 121 (38.9) 1 (10.0)

II 218 (34.9) 48 (33.1) 170 (35.4) 71 (44.7) 96 (30.9) 3 (30.0)

III 240 (38.4) 82 (56.6) 158 (32.9) 76 (47.8) 77 (24.8) 5 (50.0)

IV 31 (5.0) 10 (6.9) 21 (4.4) 3 (1.9) 17 (5.5) 1 (10.0)

Systolic BP, mean ± SD 114 ±16.8 116± 17.6 113±16.1 113± 14.8 111 ±18.3 118 ±21.3

IPAH vs. APAH



All Patients IPAH
All Patients

with APAH

APAH subgroup

CHD CTD others

6MWD (meter)

mean ± SD
376 ± 124 398 ± 116 364 ± 127

382 ± 11

9
347 ± 133 277 ± 162

No. 203 72 131 72 55 4

P value = 0.062

BNP 516±1,093 465±1,001 562±1,176
645±1,4

23
362±444 871±662

111 52 59 38 19 2

P value = 0.644

NT pro-BNP 2,798± 6,375 2,192± 3,244 2,876±6,673
1,900±5,

047
3,234± 7,152 687±978

263 30 233 51 176 6

P value = 0.356

DLCO 64.1 ±24.3 74.1± 20.7 59.3± 24.5
95.1 ± 3

4.5
56.3± 20.9 52.2±22.5

279 92 187 15 167 5

P value < 0.001



All Patients IPAH
All patients 

with APAH

APAH subgroup

CHD CTD Others

Patients, No. 249 87 162 107 52 3

mPAP (mmHg) 55.3 ± 17.3 57.7 ± 18.2 50.4 ± 16.7 58.5 ± 16.1 44.4 ± 13.8 47.0 ± 17.0

No. 210 74 136 92 42 2

P value = 0.135

PCWP (mmHg) 8.18± 3.47 8.68 ± 3.18 7.66 ± 3.70 6.97 ± 3.64 8.67 ± 3.34 9.33 ± 6.03

No. 117 60 57 35 19 3

P value=0.112

Mean RAP (mmHg) 8.92 ± 5.64 9.74 ± 6.75 8.51 ± 5.00 7.80 ± 4.07 12.9 ± 8.10 10.0 ± 4.24

No. 129 43 86 73 11 2

P value=0.296

RVSP (mmHg) 74.2 ± 30.0 70.7 ± 26.9 77.1 ± 32.3 87.4 ± 30.2 49.9 ± 17.8 66.0 ± 50.9

No. 79 35 44 31 11 2

P value=0.350

RHC Data



Chracteristics
Korean Registry 

2013
( Group I PAH)

REVEAL 2010 
(Group I PAH)

French Registry 
2006 

(Group I PAH)

Cases, No 625 2525 674

Age, yr 48  16 50  14 50  15

Female, No, (%) 503 (80.5) 2007(79.5) 440 (65.3)

WHO classification (%) 
I/II

III/IV
21.8/34.9
38.4/5.0

7.6/36.7
50/5.6

1/24
63/12

6 MWD (n= 203) 376  124 366  126 329  109 

Mean PAP, mmHg 55.3  17.3 50.7 13.6 55  15

Baseline Characteristics of Korean Registry, NIH Registry, 
and French Registry



Should the term “borderline PH” be introduced for 
patients with a PAPm between 21 and 24 mm Hg?

Insufficient data to introduce the term “borderlinePH” 
: because the prognostic and therapeutic implications 

remain unknown.

At risk for developing PAH 
Patients with CTD (especially scleroderma)
Family members of patients with idiopathic PAH
Heritable pulmonary arterial hypertension [HPAH]

 should be carefully followed



Should exercise-induced PH be reintroduced as part 
of the PH definition?

Because of the lack of a suitable definition, an exercise
criterion for PH should not be reintroduced at the
present time.

Further studies are needed to define which levels of
exercise-induced elevations in PAPm and PVR have
prognostic and therapeutic implications.



Should PVR be included in the definition 
of PH/PAH ?

Wood Unit 
PVR should not become part of the general PH definition

PVR should be included in the hemodynamic   
characterization of patients with PAH as follows: 
patients with PAH are characterized by pre-capillary PH  
(i.e., PAPm ≥25 mm Hg, PAWP≤ 15 mm Hg, and PVR >3 WU)



Is PAWP of 15 mm Hg appropriate to distinguish 
between pre-capillary and post-capillary PH and how 

should PAWP be measured?

The cutoff for pre-capillary PH ; 15 mm Hg 

All clinical trials generating evidence for the
safety and efficacy of PAH-targeted therapies in
patients fulfilling these criteria

 The current evidence does not support recommending
left heart catheterization in all patients with PAH.



Should fluid or exercise challenge be used to 
distinguish patients with PAH from patients with PH 

due to LV dysfunction?

 Fluid challenge may be useful in identifying patients
with occult HFpEF (heart failure with preserved ejection fraction) 

 meticulous evaluation and standardization before its 
use in clinical practice

 Administration of 500ml of fluid over 5 to 10 min 
; safe and may help to distinguish patients with PAH 
from those with occult LV diastolic dysfunction

 The results of this test, however, must be interpreted 
with caution and should not be used alone to discard 
a diagnosis of PAH.



Additional Recommendations for RHC

 The zero level of the pressure transducer 
; important impact on the hemodynamic results, 
especially on right atrium pressure and PAWP  

 Zeroing the pressure transducer at the midthoracic line 
in a supine patient halfway between the anterior 
sternum and the bed surface. 
 the level of the left atrium.

 PAWP ; the mean of 3 measurements at end-expiration

 Pulmonary vasoreactivity testing ; only IPAH



Diagnostic Approach in 
Patients With

Clinical Suspicion of PH/PAH



Symptoms ; DOE, fatigue, pre-syncope/syncope, chest pain, palpitation, dizziness, 
lightheadedness. Signs ; Loud pulmonic sound, peripheral edema





Recommendations on screening 
of high-risk populations for 

PAH



(cardiopulmonary) asymptomatic 
patients with the SSc spectrum of 
diseases, although there is a lack of
evidence-based data.

2-step approach



SSc and Scleroderma-spectrum disorder

Baseline
PFT with Dlco, Transthoracic echocardiogram

And NT-ProBNP

TR jet < 2.8 m/sec AND
Normal RA and RV size AND

NT-ProBNP < ULN

r/o Overt LHD and 
moderate-to-severe 
ILD

Dlco< 60% Dlco 60-80% Dlco ≥ 80%

DETECT algorithm
For disease duration 

of > 3 years   

Annual 
PFT with Dlco, TTE,

NT-ProBNP

Annual 
PFT with Dlco

RHC



Nomograms for practical application of the 
DETECT algorithm

Ann Rheum Dis. 2013 May 18. [Epub ahead of print]

http://www.ncbi.nlm.nih.gov/pubmed/?term=Evidence-based+detection+of+pulmonary+arterial+hypertension+in+systemic+sclerosis%3A+the+DETECT+study


Ann Rheum Dis. 2013 May 18. [Epub ahead of print]

http://www.ncbi.nlm.nih.gov/pubmed/?term=Evidence-based+detection+of+pulmonary+arterial+hypertension+in+systemic+sclerosis%3A+the+DETECT+study


Model performance : Comparison of PAH 
detection approaches 



Presence of Symptoms and Signs of PH

YES
1 abnormal 

result 
required

TR jet ≥ 2.8 m/sec 
Or

RA and RV enlargement, 
irrespective of TR velocity 

Or 
NT-ProBNP > 2 times of ULN**

Or 
FVC/Dlco ratio > 1.6**

No
2 of 3 abnormal 
result required

TR jet ≥ 2.8 m/sec 
Or

NT-ProBNP > 2 times of ULN**
Or 

FVC/Dlco ratio > 1.6**

Referral for RHC

Symptoms ; DOE, fatigue, pre-syncope/syncope, chest pain, palpitation, dizziness, 
lightheadedness. Signs ; Loud pulmonic sound, peripheral edema

**TTE without overt systolic dysfunction, 
greater than grade I diastolic dysfunction 
or greater than mild mitral or aortic valve 
disease or evidence of PH

ARTHRITIS & RHEUMATISM 2013;65:3194–3201



Survival data of PAH registries from 
Different Countries and Time Periods



Number At Risk Cumulative 

Survival Rate

12 months 207 89%

24 months 126 88%

36 months 25 83%

Incident Case: Cumulative Survival Rate

Korean PAH Registry (KorPAH)

2008.9~2011.12, n=297



Multivariate Predictors of Survival



CTD showed worst outcome
Earlier Diagnosis Predicts Longer Survival 

From KorPAH (Incident:297, 2008~2011)

1: IPAH, 
2: CHD, 
3: CTD, 
P value = 0.043

1

2

3

1: WHO-NYHA class 1 &2, 
3: WHO-NYHA class 3, 
4: WHO-NYHA class 4, 
P value < 0.001

1,2

3

4



Earlier Diagnosis Predicts Longer Survival
From KorPAH (Incident Case:297, 2008~2011)

1: 380m ≥6MWD, 2: 380m < 6MWD, P value = 0.0251: 380m ≥6MWD, 2: 380m < 6MWD, P value = 0.025

1:  6MWD < 380m, 
2:  6MWD ≥ 380m, 
P value = 0.025

1:NT-ProBNP  < 797 ng/ml, 
2:NT-pro-BNP ≥ 797 ng/ml, 
P = 0.003

1

2

1

2



Targeted Therapy showed Longer Survival
From KorPAH(Incident Case:297, 2008~2011)

1: Conventional, 
2: Targeted, 
P = 0.09 
-> But After correction of NYHA 
class and etc, 0.37 (0.19-0.76)



Thank you for your attention !!!


