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CHD-PHT: Prevalence

CHD-PHT    
(4.2% CHD)

EP            
(1.1% CHD)

CHD-PHT 

EP            
(5.5% CHD)

CHD-PHT    
(15-20% CHD)

EP            
(4% CHD)



Scleroderma 45,000*
CHD           50-100,000*
Cirrhosis     25 - 40,000
Sickle Cell 25,000
HIV-related 4,500
Idiopathic PAH 4,200*

*Women:Men » 2:1

United States

50-200,000 COPD with PHT



““ GoodGood ””

““ BadBad ””



CHD-PAH: CONCOR

Duffels MG et al. Int J Cardiol 2007

PA pressure appeared to PA pressure appeared to 
correlate with correlate with 

symptomatologysymptomatology



CHD-PAH: Euro Heart

Engelfriet PM et al. Heart 2007

Determinants of NYHA FC >1

ASD

VSD

PA pressure appeared to PA pressure appeared to 
correlate with                      correlate with                      

RV dysfunctionRV dysfunction



HRQoL: ACHD

•• Cyanosis has # 1 impactCyanosis has # 1 impact
•• PHT influences specific PHT influences specific 

HRQoLHRQoL domainsdomains

Bruto VC et al. Congenit Heart Dis 2007
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Exercise capacity in adults with CHDExercise capacity in adults with CHD
Impact of underlying diagnosisImpact of underlying diagnosis

5 10 15 20 25 30 35

Aortic coarction
Tetralogy of Fallot

VSD
Mustard-operation

Valvular disease
Ebsteins anomaly
Pulmonary atresia
Fontan-operation

ASD (late closure)
ccTGA

Complex anatomy
Eisenmenger ANOVA p<0.0001

Mean ± SD

28.7 ± 10.4
25.5 ± 9.1
23.4 ± 8.9
23.3 ± 7.4
22.7 ± 7.6
20.8 ± 4.2
20.1 ± 6.5
19.8 ± 5.8
19.2 ± 6.2
18.6 ± 6.9
14.6 ± 4.7
11.5 ± 3.6

Peak VO2 (ml/kg/min)

Diller GP, et al. Circulation 2005; 112:828-35.



Congenital Heart Disease: Multiple 
Etiologies of PHT

P
P
H

CHD-
PHT

iPAH

P
A
H

CHD-
PHT

iPAH



Congenital Heart Disease: Multiple 
Etiologies of PHT

•• ShuntsShunts
• Left atrial hypertension
• Abnormal lung architecture (congenital)
• Chronic lung diseases
• Ribcage diseases
• Liver disease (portal hypertension)
• Blood clots
• Rheumatologic diseases
• Toxins / infections



12%

88%

PAH alone

 Other

LA HTN, PA / PV 
stenoses, CTEPH, 
APLA, PV leak

BACH: Pulmonary  HTN (cath)      
PAH alone vs other triggers



29%

29%

42%

LA > 20 mm
 LA < 12 mm
 LA 12-20 mm

RV / LV differences

Eisenmenger: catheterization
BACH PHT group
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­­­­­­­­ LApLAp­­­­­­­­ LApLAp ®­®­®­®­®­®­®­®­ PVpPVp­­­­­­­­ LApLAp ®­®­®­®­®­®­®­®­ PVpPVp®­®­®­®­®­®­®­®­ PApPAp







Eisenmenger: Thrombosis

Silversides CK, et al. JACC 2003



CHD-PHT: Thrombosis



Romano AM et al.  Monaldi Arch Chest Dis 1993                                        
Fredriksen PM et al. Am J Cardiol 2001
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Types of PAH in CHD

1. Eisenmenger
2. Preop PAH
3. Acute Postop PAH
4. Chronic Postop PAH
5. Fontan

Time

PAp



Proliferative anti-apoptotic 
diseases

Degenerative 
diseases

Inflammatory 
diseases



Proliferative anti-apoptotic 
diseases

Degenerative 
diseases

Inflammatory 
diseases

· Elastase inhibitors
· EGF receptor inhibitors
· Dichloroacetate
· Simvastatin
· Anti-survivin
· Imatinib
· Sildenafil
· Cyclopsporine

· EPC activation / injection · NFAT inhibitiors



96SildenafilSUPER

117SitexsentanSTRIDE

1824BeraprostALPHABET

23109TreprostinilTREPROSTINIL 
STUDY GROUP

CHD-PAH 
(%)

CHD-PAH 
(n)

Therapy

CHD-PAH Enrollment in Pivotal 
Trials of PAH Therapies



B-5 Study design

Screening

Placebo
62.5 mg bid

Bosentan
62.5 mg bid

16 Weeks

2 weeks

Baseline
Randomization

Bosentan
125 mg bid

4 weeks 12 weeks

Placebo
125 mg bid

2:1 
Randomization

Cath Cath

1°Endpts:
SpO2
PVR

2°Endpts:
HD’s

6 MWD
Borg Scale
WHO FC

PAH related to EP
Confirmed by cath and echo

SpO2 £90% and ³ 70%
WHO FC III, 6 MWD 150-450

Galie N et al. Circulation 2006.

BREATHE 5: Bosentan in Eisenmenger Disease



Bosentan does not reduce SpO 2

1.5 (0.4)0.4 (0.9)Change from baseline

Treatment effect: + 1.0 (0.9)
95 % CI =[-0.7 , 2.8] > -5, non-inferiority shown

83.8 (0.9)84.0 (1.6)Week 16 (%)

82.4 (0.9)83.6 (1.2)Baseline (%)

Bosentan (n=35)
Mean (SE)

Placebo (n=17)
Mean (SE)

Galie N et al. Circulation 2006.

BREATHE 5: Bosentan in Eisenmenger Disease



ET antagonism reduces PVRi
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BREATHE 5: Bosentan in Eisenmenger Disease



ET antagonism increases exercise 
capacity
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BREATHE 5: Bosentan in Eisenmenger Disease



Intermediate-Term Persistence 
of Bosentan Effect: CHD-PAH

Van Loon R et al. Am Heart J 2007



Intermediate-Term Persistence 
of Bosentan Effect: CHD-PAH

Diller G et al. Heart 2007



ET antagonism ­­­­ exercise capacity 
persists at 40 weeks (OLE)

Gatzoulis M, et al. Int J Cardiol 2007



Intermediate-Term Persistence 
of Sitaxsentan Effect

Barst RJ et al. JACC 2006           STRIDE 1/2:STRIDE 1/2: Sitaxsentan (11% CHD(11% CHD--PAH)PAH)



Lessons from Adult Lessons from Adult ““ CHFCHF”” RxRx

• Target prognostic goals
• Classify disease severity

asx ±±±± ventricular dysfunction, sxs, refractory sxs

• Genotype vs. phenotype
• Treat vascular risks
• Exercise
• Combination Rx
• Devices / Heroic surgeries



PAH: Global Prognosticators

Exercise TestExercise Test Lower MVO2 (< 10.4)Lower MVO2 (< 10.4)Higher SBP (> 120)Higher SBP (> 120)



CHDCHD--PAH PAH ““ PrognosticatorsPrognosticators

• Iron / Iron / HctHct / K+ / Renal / Hepatic Fn/ K+ / Renal / Hepatic Fn
•• UA / BNP / ETUA / BNP / ET --11
•• EPCEPC’’ss
•• EKG (QRS, EKG (QRS, QTcQTc))
•• 66--MWD, MVO2, Max MWD, MVO2, Max CircPCircP , VE/VCO2, VE/VCO2
•• Age, Rate of Progression, VolumeAge, Rate of Progression, Volume
•• Clinical arrhythmiaClinical arrhythmia
•• WHO FC, LV fn, simple / complexWHO FC, LV fn, simple / complex



ES and iPAH /oPAH: “EPC’s”

Diller GP, et al. Circulation 2008

EPC Numbers Correlate With
- NYHA*
- 6-MWD*
- BNP*
- Down syndrome*
- hemodynamics
- inflammatory markers
- cGMP
- stable NO products
- asymmetric DMA
- therapy with PDE5-inhibition

* ES pts



Combination Rx



Hoeper M et al . Eur Resp J 2005

Goal-directed Strategy



89 pts      survival (%)

1 yr              93
2 yr              88
3 yr              84

Goal-oriented treatment

Historical control

Expected survival

IPAH Survival with Combination 
Therapy

Hoeper M et al . Eur Resp J 2005



STEP: Iloprost and Bosentan
Combination Therapy

McLaughlin V et al. Am J Respir Crit Care Med 2006                                       
Double-blind 12 week trial: 65 pts on bosentan randomized to iloprost or placebo

bosentan + iloprost (n = 34)

bosentan + placebo (n = 33)

bosentan + iloprost (n = 34)

bosentan + placebo (n = 33)

Clinical worsening at 12 wk:   
Iloprost 0 (0%)  Placebo 5 (15%)       

p = 0.02 (log-rank test) 



PACES

Simoneau G et al. abstract presentation 2007                            
Double-blind 12 week trial: epoprostenol + sildenafil vs epoprostenol + placebo

···· N= 267

···· Treatment-adjusted 6MWD

···· mPAP

···· Time to clinical worsening

EPO + sildenafil vs EPO

+ 26.0 m (p<0.001)

- 3.9 mm Hg (p<0.0001)

p=0.012



6MWD12 wk100SildenafilBosentanCOMPASS-3

Morbidity / 
mortality event

Event-driven180BosentanSildenafilCOMPASS-2

PVRSingle dose45SildenafilBosentanCOMPASS-1

6MWD12 wk106SildenafilBosentanPfizer

6MWD16 wk406TadalafilNaïve or 
bosentan

PHIRST

6MWD16 wk180IloprostSildenafilVISION

6MWD16 wk267SildenafilEpoprostenolPACES

6MWD12 wk235TreprostinilBosentan or 
sildenafil

TRIUMPH-1

6MWD16 wk300TreprostinilBosentan and/ 
or sildenafil

FREEDOM-C

Primary End-
Point

Study 
Duration

Patients 
(n)

Added 
Therapy

Current 
Therapy

Combination Therapy: Ongoing or 
Recently Completed Clinical Trials



CHDCHD--PAH in 2009:                   PAH in 2009:                   
The Time is The Time is ““ RIPERIPE””

• RRecognize:
CHD-PAH = worse prognosis

Therapies exist for CHD-PAH (mechanical / medical)

• IInvestigate ALL CHD-PAH
hematologic, pulmonary, liver, renal, endocrine

• PPrognosticate
serologies, +/- EPC’s, imaging, functional, cath

• EEnsure PAH expertise




