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PAH-CHD: the most common type or PAH
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Clinical classification of PAH-CHD
Four different classes of PAH-CHD …plus a few more!

1. Eisenmenger

2. L-R shunt

3. Small defect

4. Repaired

+

1. Segmental PH

2. Fontan



Scoliosis

↑ ↑ Perioperative risk

Exercise intolerance Arrhythmias

Thrombosis

Heart failureBleeding

Organ failure

Hyperviscosity

↑ ↑ Pregnancy risk

Disability

↓ QoL Sudden death

Hepatic dysfunction

Renal failure

HyponatremiaTIA/CVA

Syncope

Gout

Cholelithiasis

Endocarditis





The haematologic effect of cyanosis
Prevalence of iron deficiency and relation to saturations

Oxygen saturation (%)

Diller, Dimopoulos et al. EHJ 2010

Prevalence of iron deficiency: 

➢ 20-37% of patients with cyanotic CHD

➢ Easily overlooked as standard laboratory methods (Hb, MCV) do not apply



Why do cyanotic patients need a higher  

hemoglobin

Pulmonary blood flow

Erythrocytosis maintains adequate oxygen delivery to peripheral tissues

Secondary 

erythrocytosis

Diller et al, CITY 2010



Iron supplementation in cyanotic ACHD:
Exercise capacity and QoL

Tay E, et al. IJC 2010





Haemodynamic collapse



Mortality risk of pregnancy in PAH related to CHD

Bedard, Dimopoulos, Gatzoulis, EHJ 2009
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Arrhythmia, used as a time-varying covariate in the Cox model, was a strong predictor of death

HR 3.41, 95%CI: 2.10-5.53, p<0.0001



Predictors of new arrhythmia in 

PAH-CHD and relation to 

mortality

Arrhythmia, used as a time-varying covariate in the Cox model, was a strong predictor of death

HR 3.41, 95%CI: 2.10-5.53, p<0.0001



The true survival of Eisenmenger 

patients





Echocardiographic Composite score

Composite score

• TAPSE<15mm

• Systole/diastole time on TR ≥1.5

• RA area ≥25cm2

• RA area/LA area ratio ≥1.5



Example of composite score
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Composite score

• TAPSE<15mm

• Systole/diastole time on TR 

≥1.5

• RA area ≥25cm2

• RA area/LA area ratio ≥1.5



6MWD, Albumin and BNP in Eisenmenger syndrome



1098 patients (median age 34∙4years, range 16∙1-84∙4years, 

65∙1% female, 31∙9% with Down syndrome)



Kempny et al, Circulation 2017

The MUSES collaboration
Parameter Unit HR P-value

Age 10years 1·35 1·14 - 1·61 <0·001

Pre-tricuspid shunt - 1·97 1·12 - 3·46   0·019

Oxygen saturation at rest 10% 0·61 0·46 - 0·82 <0·001

Six minute walking distance 100m 0·67 0·54 - 0·82 <0·001

Presence of pericardial effusion - 2·35 1·33 - 4·13   0·003

95% CI



The MUSES collaboration

Data from Kempny

et al,

Circulation 2017





BREATHE-5: Reduced PVR and increased 

6-MWD
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Galiè N, et al. Circulation 2006; 114:48-54.

TE = -472 dyn·s·cm-5,  p = 0.038 TE = 53.1 m,  p = 0.008



Long-term effect of PAH-advanced therapies 

in Eisenmenger patients
*The graph depicts average change compared to baseline, with 10%, 25%, 75% and 90% 

percentiles derived from bootstrap analysis. P-values refer to repeated measure ANOVA 

results

Diller GP, et al. Int J Cardiol 2012.



PAH advanced therapies are associated with an 

improved outcome in Eisenmenger patients

A retrospective, single-centre study in 229 patients with ES

Dimopoulos K, Inuzuka R, et al. Circulation 2010; 121:20-5.
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On multivariable analysis, exposure to AT was independently associated with greater 

survival (survival HR 2.27, 95% CI 1.49 to 3.45; p<0.001).



MAESTRO study: macitentan in ES

• The primary endpoint evaluating change in 6MWD was not met. 

• NT-proBNP improved

• PVRi in the haemodynamic substudy favoured macitentan. 

• Macitentan was well tolerated in this patient population.







Eisenmenger syndrome in developing countries



What about other types of PAH-CHD?





Age 12 years

VSD, PFO

K. Dimopoulos, S.J. Wort, M.A. Gatzoulis, European Heart Journal (2014) 35, 691–700

★

Air NO
Qp/Qs = 3

Qpi 8 L/min/m2

mPAP 44 mmHg

PVRi dropped from

6.5 to 4.8 WU x m2

★

NO

AIR
Qp/Qs = 2

QPi 6 L/min/m2

mPAP 44 mmHg

PVRi 6.5 WU x m2



VSD closure (13 years)
14mm Amplatzer perimembranous VSD occluder

The RV pressure post-deployment 

48/8 mmHg 



Cardiac catheterization 

(15 years)

K. Dimopoulos, S.J. Wort, M.A. Gatzoulis, European Heart Journal (2014) 35, 691–700

Qp/Qs = 1

Qp 3.2 L/min/m2

PVRi 13.4 WU x m2 

PVRi increased from 

6.5 (12y) to 13.4 (15y) WU x m2
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Admission at 23 weeks of pregnancy

(November 2016)
• Haemoptysis related to an upper respiratory infection 

• Increasing SOB

• Presyncope on effort

• AICU for advanced monitoring

• IV epoprostenol* and escalation of therapy by 1-

2ng/kg/min according to tolerance

• Required respiratory support with CPAP and high flow O2



Cardiac catheter 3 months post partum

K. Dimopoulos, S.J. Wort, M.A. Gatzoulis, European Heart Journal (2014) 35, 691–700

Qp/Qs 0.67, PVR 16 WU, PVRi 26

TRIPLE THERAPY

CONTRACEPTION

TRANSPLANTATION
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DO NOT close defects in established 

pulmonary vascular disease

Repaired defects



“Treat and repair”

IN 2017: THERE IS STILL NO EVIDENCE FOR TREATING WITH PAH THERAPIES 

AND REPAIRING PREVIOUSLY INOPERABLE DEFECTS.



Huang et al. IJC 2010

Repair of defects previously considered non-

repairable





Late diagnosis of  theTGA VSD

Hyploplastiic L Heart+PVD



Other types of PAH-CHD

Segmental PH:

ToF Complex 

Pulmonary Atresia

Accepted JAHA 2018



Example of segmental PH
Complex pulmonary atresia

▪ Complex pulmonary atresia

▪ Large PDA to upper LPA

▪ Small MAPCA to mid L lung

▪ MAPCA to R lung

▪ PH in left upper lung/R lung?

▪ How do you calculate PVR?

▪ PAH therapies?

Accepted JAHA 2018



▪ Action 1: identify patients with PAH-CHD lost to follow-up and 

those followed in non-specialist centres

▪ Action 2: screen all congenital heart disease patients thoroughly for 

the presence of pulmonary arterial hypertension

▪ Action 3: educate cardiologists and pulmonary hypertension 

physicians on the distinct features of Eisenmenger syndrome

▪ Action 4: standardize treatment, avoid pitfalls, and challenge old 

myths in Eisenmenger syndrome

▪ Action 5: do not close defects in Eisenmenger syndrome or other 

PAH-CHD with established pulmonary vascular disease: ‘I can close 

it’ does not mean ‘I should close it’



▪ Action 6: use PAH therapies to improve exercise capacity, quality 

of life, and prognosis in Eisenmenger syndrome

▪ Action 7: be inclusive of other types of PAH-CHD, beyond 

Eisenmenger syndrome

▪ Action 8: explore the concept of a ‘permissive’ trait genotype in 

patients with large ASDs who develop out-of-proportion pulmonary 

arterial hypertension and Eisenmenger syndrome

▪ Action 9: promote clinical research and collaboration between 

specialist centres on areas of controversy and lack of evidence

▪ Action 10: support care of pulmonary arterial hypertension related 

to congenital heart disease patients in the developing world



Thank you!








