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Victor Eisenmenger 

1864-1932 

1897 Victor 

Eisenmenger 

Irreversible 

pulmonary vascular 

disease in a 32 year 

old man with non-

restrictive VSD 

 

http://upload.wikimedia.org/wikipedia/commons/f/f8/Eisenmenger.jpg


Paul Wood ï 127 patients with 

Eisenmenger syndrome 

 BMJ 1958,ii:701-709 



Eisenmenger syndrome cath 

30 y old ASD 

Cardiogreen dye 

detection by modified 

ear detector as 

described by Swan et 

al. (1953) 

SVC 

Injection site 

RV 

PA 

Rt to lt shunt 

Wood P, BMJ 1958,ii:701-709 
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Risk for development of 

Eisenmenger syndrome 

3% small-to-moderate VSDs (Ò1.5 cm 

in diameter)  

Nearly 50% of  large VSDs (>1.5 cm) 

 

Kidd et al. second natural history study Circ 1993;87(suppl):138ï151 



Prevalence 

During the past 50 years, 50% 

less Eisenmenger syndrome in 

the Western world 



Prevalence 

National Dutch registry of congenital heart 
disease (Dutch population 16M) 

5970 registered adult with congenital heart 
disease  

4.2% Pulmonary hypertension (n=250) 

6.1% (n=112) of 1824 patients with septal 
defects 
ï65 pts -  Eisenmenger syndrome 

ïEstimated in Israel ï 30 patients with Eisenmenger 
syndrome  

Duffels Int J Cardiol. 2007;120:198  



Eisenmenger syndrome by lesion 

n=171, 115 females 56 males 

Age 37Ñ12 years (range 14ï72 years) 

 

VSD  37% 

ASD  7% 

PDA  13% 

complex anatomy 44% 
ïatrioventricular septal defects 

ïUniventricular heart 

ïTGA 

ïTruncus arteriosus 

Downôs syndrome 28% 

Diller et al. European Heart Journal (2006) 27, 1737ï1742 



Eisenmenger Vs PAH 

Eisenmenger syndrome differs 

distinctly from other types of PAH 

ïCardiac anatomy 

ïPhysiology 

ïNatural history 

Dimopoulos et al. (Gazoulis) Current Opinion in Cardiology 2008, 23:545  



Eisenmenger Vs PAH 

RV dysfunction is a major contributor to 
the adverse prognosis of patients PAH 

The RV in Eisenmenger syndrome is able 
to sustain an elevated afterload over a 
longer time 

In ASD the response of the RV resembles 
that of iPAH 

ïDilation 

ïProgressive systolic dysfunction 

Dimopoulos et al. (Gazoulis) Current Opinion in Cardiology 2008, 23:545  



Eisenmenger physiology 

Cyanosis rather than a drop in CO 

Shunting through the cardiac defect 

ïSignificant hypoxia 

ïIncreasing ventilation/perfusion (V/Q) 

mismatch  

ïExercise intolerance 

ïPreservation of CO at rest and during mildï

moderate exercise 

Dimopoulos et al. (Gazoulis) Current Opinion in Cardiology 2008, 23:545  
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Eisenmenger physiology 

Idiopathic PAH 

Hopkins WE, et al. J Heart Lung Transplant 1996;15:100 



Stages in the development of 

Eisenmenger Synd 

Left to Right shunt 

Increased pulmonary blood flow 

ïShear stress 

Endothelial dysfunction and vascular remodeling 

ïSMC proliferation 

ïIncreased extracellular matrix 

ïIntravascular thrombi 

Increased PVR 

Inverted shunt 

Cyanosis ï Eisenmenger syndrome 



ASD, VSD or complex 

defect increases 

pulmonary blood flow 

via left-to-right shunt 

Pulmonary resistance 

rises and results in  

bi-directional flow 

Reversal of shunt: 

right-to-left ­ 

Eisenmenger syndrome  

Evolution of Eisenmenger 

syndrome overview 



Lung pathology 

Normal pulmonary arteriols Eisenmenger syndrome 



Eisenmenger Syndrome 



Possible mechanisms for 

pulmonary artery disease 

Eisenmenger syndrome is likely to be 
similar to iPAH 

ïLoss of endothelial barrier function 

ïActivation of the endothelin system 

ïDecreased production of prostacyclin 

ïDecreased production of nitric oxide 

ïIncreased inflammation mediators 

ïAltered expression of potassium channels 

 

Kumar and Sandoval, Cardiol Young 2009 



Smadja, D. M. et al. Circulation 
2009;119:374 

Circulating endothelial cells in peripheral 
venous blood of CHD patients with PHT 

controls Irreversible 

PAH 
Reversible  

PAH 

Circulating 

Endothelial  

Cells/ml 



Eisenmenger syndrome 

Clinical manifestations 

 

Functional capacity 

Cyanosis 

Pulmonary vascular disease 



Clinical manifestations 

Commonest: Exercise intolerance 

Other common symptoms 

ïdyspnea 

ïsyncope 

ïchest pain 

ïCyanosis 

ïhemoptysis 

Kumar and Sandoval Cardiol Young 2009; 19(E-Suppl. 1): 39ï44 



40 

Exercise capacity in adults with CHD 

Impact 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 Ñ SD 

28.7 Ñ 10.4 

25.5 Ñ 9.1 

23.4 Ñ 8.9 

23.3 Ñ 7.4 

22.7 Ñ 7.6 

20.8 Ñ 4.2 

20.1 Ñ 6.5 

19.8 Ñ 5.8 

19.2 Ñ 6.2 

18.6 Ñ 6.9 

14.6 Ñ 4.7 

11.5 Ñ 3.6 

Peak VO2 (ml/kg/min) 

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



Cyanosis  

A multisystem Disorder 

(Perloffôs, CHD in the Adult, 2009) 



Hyperviscosity symptoms 

Headache 

dizziness 

Slow mentation, irritability 

Blurred vision 

Parasthesias 

Tinnitus 

 Fatigue 

Myalgias, Muscle weakness 

 
Perloffôs, CHD in the Adult, 2009 



Hyperviscosity symptoms 

Bleeding tendency 

High bilirubin 

ïCalcium bilirubinate gall stones 

Urate metabolism 

ïGouty arthritis 

ïOsteoarthropathy ï long bone pain and tenderness 

Perloffôs, CHD in the Adult, 2009 



Clubbing and PGE2  

Familial hypertrophic osteoarthropathy: 
mutation 

Uppal et al. Nature Genetics, 2008;40:789 

Prostaglandins 

 15-hydroxy prostaglandin 

dehydrogenase 

degradation 



Clubbing and PGE2 

 

PG is taken down by the lung 
right to left shunt results in less 

PG degradation 



Cerebrovascular events in 

Eisenmenger syndrome 

162 cyanotic adults  
ï45 Eisenmenger syndrome 

8-year period  

29 cerebrovascular events in 22 patients 
(13.6%)  

Risk factors for a cerebrovascular events 
ïHypertension 

ïAtrial fibrillation 

ïHistory of phlebotomy  

ïMicrocytosis (strongest predictor) 

Mayo Clinic, JACC 1996;28:768 



Renal changes with cyanosis 

Proteinuria (high hydraulic pressure) 

Dilated renal arteries and veins  

Enlarged, congested, hypercellular 

Glomeruli 

Renal failure is rare 

Perloffôs, CHD in the Adult, 2009 


