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Σύνδρομο Eisenmenger 

 Νεότερα δεδομένα



Pulmonary hypertension with Cyanosis

”Pulmonary hypertension at systemic level due to high 

pulmonary vascular resistance with reversed bi-

directional shunt" - "...it matters very little where the 

shunt happens to be. The distinguishing feature is not 

anatomy, but the physiological behaviour of the 

pulmonary circulation."



Eisenmenger's syndrome (ES): 

A frequent complication of CHD

• Patients at risk of developing ES

o 1-4% of patients with CHD1,3 (8% in 1950s, P. Wood)

o ~50% of patients with large unrepaired VSDs/PDAs2

o ~10% of patients with large unrepaired ASDs2

o Almost all patients with unrepaired truncus 

arteriosus2

1. Mulder BJ. Eur Respir Rev 2010; 19:308-13.
2. Beghetti M and Galiè N. J Am Coll Cardiol 2009; 53:733-40.

3. Diller GP and Gatzoulis. Circulation 2007;115:1039-50. 



The number of Eisenmenger Patients under FU at the 
Royal Brompton Hospital is Increasing at 5%/year



Left-to-right shunt 

Increased pulmonary blood flow (shear stress)

Endothelial dysfunction

Increase in 

pulmonary vascular resistance

Inverted shunt: right-to-left 

Cyanosis (Eisenmenger’s)

PAH-CHD pathophysiology

Proliferation of smooth 
muscle cells

Increase in extracellular 
matrix

Intravascular 
thrombosis

Beghetti M. JACC 2009



Clinical classification of PAH-CHD

A. Eisenmenger’s syndrome (ES)

ES includes all left-to-right shunts due to large defects leading to a severe increase 
in PVR and resulting in a reversed right-to-left or bidirectional shunt. Cyanosis, 
erythrocytosis, and multiple organ involvement are present.

B. PAH associated with systemic-to-pulmonary shunts

In these patients with moderate to large defects, the increase in PVR is mild to 
moderate, left-to-right shunt is still largely present, and no cyanosis is present at rest.

C. PAH with small defects

In cases with small defects (usually VSD < 1 cm and ASD < 2 cm of effective 

diameter assessed by echocardiography) the clinical picture is very similar to IPAH.

D. PAH after corrective cardiac surgery

CHD has been corrected but PAH is either still present immediately after surgery or 
has recurred several months or years after surgery in the absence of significant 

post-operative residual congenital lesions or defects that originate as a sequela to 
previous surgery.

Galiè N, et al. Eur Heart J 2009; 30:2493-537.



Parameters IPAH Eisenmenger syndrome

RV response

Dimensions

Function

Dilation

Rapid deterioration

Typically hypertrophy in

post-tricuspid defects

Often preserved (VSD), quite stable

Cardiac output Reduced Sustained by R-L shunting

Prognosis
Poor, survival limited to few years after 

diagnosis

Not as poor, patients survive decades after 

diagnosis

Cyanosis

Prevalence

Severity

Haematologic

When low-cardiac output ± presence of 

PFO/ASD

Rarely severe at rest

Rare unstudied manifestations

The rule in ES

Often severe at rest

Secondary erythrocytosis common

Dimopoulos, Giannakoulas et al. Curr Opin Cardiol 2008

Differences between IPAH and 

Eisenmenger syndrome (I)



Parameters IPAH Eisenmenger syndrome

Systemic complications Not common Common (renal dysfunction)

Associated genetic/

chromosomal disorder No Common (Down’s syndrome)

Perception of limitation Normal Underestimated

Coexisting left-sided/

valve disease

Rare until functional TR develops Common (e.g. AVSD, univentricular 

circulation)

Transplantation Rapid progression: Likely to benefit Slow progression, common syst. 

complications, complex cardiac 

disease: not ideal

RA pressures Increased with decompensation May rise due to causes independent 

of PAH

Differences between IPAH and 

Eisenmenger syndrome (II)

Dimopoulos, Giannakoulas et al. Curr Opin Cardiol 2008



Cantor WJ, Am J Cardiol. 1999

Daliento L, Eur Heart J. 1998

“… life expectancy of patients with this syndrome is 20 to 50 years …”

Oya H, Am Heart J. 2002



Eisenmenger physiology:

Survival in adults

Standardised mortality ratio 3.8; 95% CI 2.0 – 7.0; p <0.0001

Diller GP, et al. Eur Heart J 2006; 27:1737-42.
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Survival or need for
advanced therapies

35 y.o UK male approx. 0.1%; female 0.06% annual risk of death



McLaughlin VV, et al. Chest 2004; 126:78S-92S.
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Dick Ket (1902 – 1940)

Cyanosis



Eisenmenger syndrome 

Multi-organ disease
Exercise intolerance, dyspnoea, fatigue, 

dizziness

Hyperviscosity symptoms

• Headache, dizziness, visual 
disturbances, paresthesias

Severe cyanosis 

Renal dysfunction

Haematologic involvement

• Secondary erythrocytosis

• Thrombocytopenia

• Iron deficiency

Thrombotic and bleeding diathesis

• Dilation of the pulmonary arteries, in situ 
thrombosis

• Haemoptysis, pulmonary haemorrhage

• Neoangiogenesis (GI, pulmonary, other 
bleeding)

• Cerebrovascular events

Arrhythmias

• Supraventricular tachycardias

• Ventricular tachycardia, sudden cardiac 
death\

Rheumatologic complications

• Hyperuricemia and gout

• Hypertrophic osteoarthropathy, clubbing

Gastrointestinal complications

• Gallstones, cholecystitis

Bacterial infectious diseases

• Endocarditis

• Cerebral abscess

• Respiratory tract infection

Dimopoulos K, Giannakoulas G. Eisenmenger Complex. In:

Pulmonary Arterial Hypertension: Oxford Cardiology Library



Broberg CS, et al. J Am Coll Cardiol 2007; 50:634-42. 

Pulmonary thrombosis in Eisenmenger 

syndrome



Broberg CS, et al. J Am Coll Cardiol 2007; 50:634-42. 
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Complications / Stroke



Iron deficiency and stroke

Ammash et al. JACC 1996



platelet factor 4 and h thromboglobulin. Reference ranges

were derived from 20 normal controls to avoid the effect

of turbulent flow and increased endothelial shear stress

on platelet surfaces of certain acyanotic congenital heart

disease patients.

4.2. Results

In 24% of patients (25/105), platelet counts were

b100 109/l (mean 68.2F 6). In the remaining 80 patients,

platelet counts averaged 110F 109/l; 21 of the 25

thrombocytopenic patients had Eisenmenger syndrome, 3

had Fallot’s tetralogy, and 1 had complete transposition

of the great arteries with pulmonary stenosis and

ventricular septal defect. All 25 thrombocytopenic

patients had a significant decrease in the absolute number

of reticulated platelets signifying a reduction in platelet

production. Platelet counts were inversely proportional to

hematocrit levels (Fig. 7). Megakaryocyte production

(mass) was normal or only slightly reduced based on

normal thrombopoietin levels. Platelet activation was

absent or minimal as indicated by near normal platelet

factor 4 and h thromboglobulin.

Fig. 6. Percentage of patients with total cholesterol levels (TC) b160 mg/dl in Study Groups A, B, C and D. Fifty-eight percent of cyanotic unoperated patients

(C) had total non-fasting cholesterol levels b160 mg/dl. Fifty-one percent of initially cyanotic hypocholesterolemic patients had total cholesterol levels b160

mg/dl after being rendered acyanotic by operation (CA). Unoperated acyanotic patients (A) and patients who were acyanotic both before and after operation

(AA) had the same prevalence of total cholesterol levels b160 mg/dl as the Framingham controls.

Fig. 7. Platelet counts were inversely proportional to hematocrit levels in

patients with cyanotic congenital heart disease.

Fig. 8. Casts of the coronary vascular bed derived from acrylic resin

injections in sea level residents and in age-matched acclimatized residents

of high altitude. The casts from high altitude residents disclosed a much

greater density of the coronary microcirculation. From Ref. [3].

J.K. Perloff / International Journal of Cardiology 97 (2004) 79–86 83

Perloff JK. Int. J. Cardiol 2004;97:79-86. 



No patient with cyanosis developed significant CAD



Eisenmenger syndrome

Therapy

– Not standardised until recently

– Targeted towards avoiding complications



General management principles

– Avoid dehydration, extreme isometric exercise

– Avoid high altitude 

– Air travel is safe in commercial airlines

– Special anaesthetic management 

– Special care around angiography and 

non-cardiac surgery

– Avoid pregnancy 

(30-50% maternal mortality) 

– Contraception issues



Pregnancy and PAH in association with CHD
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1. Bedard E, et al. Eur Heart J 2009; 30:256-65.

p = 0.047



Spence MS, et al. Lancet 2007; 370:1530-2. 

Assess annually
Anaemia history

Symptoms of hyperviscosity

Measure oxygen saturation

Laboratory measures

Haemoglobin; packed cell 

volume,

red-cell indices, serum ferritin, 

transferrin saturation  

Serum ferritin ≤15 µg/l

Transferrin saturation ≤15%  

Serum ferritin ≥15 µg/l

Transferrin saturation ≥15%  

Patient Fe-deficient
Fe supplementation

Address other causes of 

Fe-deficiency as identified 

from history

Patient Fe-replete
No symptoms of hyperviscosity

Patient Fe-replete
Symptoms of hyperviscosity

Assess for other causes of 

symptoms and treat accordingly: e.g. 

hypovolaemia, gout, brain abscess 

hypothyroidism, depression

Resolution of 

symptoms

Patient 

remains iron-

replete

Persistent moderate-severe 

hyperviscosity symptoms

Packed cell volume >65%

Reassess symptoms

Repeat laboratory tests

Consider cessation of Fe 

suppl. when Fe-replete 

(serum ferritin ≥ 15 µg/l and 

transferrin saturation ≥15%)

Some patients will require 

chronic Fe suppl. for steady-

state erythrocytosis

Regularly reassess 

symptoms and lab tests
Trial of phlebotomy with 

fluid replacement Reassess every 6-12 months



* p< 0,001* p< 0,001

Int J Cardiol 2011

Prospective, single center, non-randomized study.

N= 25 cyanotic ACHD with iron deficiency
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BREATHE-5: Study design

Screening

Placebo
62.5 mg bid

Bosentan
62.5 mg bid

16 Weeks

2 weeks

Baseline

Bosentan
125 mg bid

4 weeks 12 weeks

Placebo
125 mg bid

2:1 Randomisation

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



Bosentan significantly reduced PVR: 

BREATHE-5
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Bosentan significantly increased

exercise capacity: BREATHE-5
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Galiè N, et al. Circulation 2006; 114:48-54.



BREATHE-5 OLE: Study design

Bosentan 125 mg bid

20 weeks

Baseline OLE

4 weeks

Bosentan
62.5 mg

bid

16 weeks

BREATHE-5

BREATHE-5 OLE
Bosentan/placebo

Gatzoulis MA, et al. Int J Cardiol 2008; 127:27-32.

OLE = Open label extension



Bosentan increased exercise capacity
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Long-term Brompton experience with 

bosentan in adults with PAH-CHD

Diller GP, et al. Heart 2007; 93:974-6.
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Long term efficacy of disease targeting therapies 

in Eisenmenger syndrome

Diller G et al. IJC 2012



Escalation of therapy

Diller G et al. IJC 2012



Sildenafil and quality of life

Prospective study, n=12 patients with Eisenmenger syndrome, 

NYHA class III, sildenafil for 3 months



Effect on quality of life

Tay ELT, et al. Int J Cardiol 2010
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Combination therapy

Iversen et al. EHJ 2010

Adding  sildenafil to bosentan did not 

improve the 6 MWD significantly (21 vs. 8 

m, P = 0.48), but increased saturation at 

rest (2.9 vs. –1.8%, P<0.01)



Have we improved survival?



Study design

Dimopoulos et al. Circulation 2010

•229 patients (34.5±12.6 

years; 35% male)

•54% NYHA class >III

•30% Down syndrome

•Mean resting saturations 84%

•68 patients (30%) either were 

on AT or had AT initiated 

during follow-up

•73.5% bosentan, 25% 

sildenafil, 1.5% epoprostenol



n 123  89   81  65   51   37   25   17

n 106  99   88  80   65   59   44   35

Contemporary survival in Eisenmenger 

syndrome: Relation to functional class

Patients at risk

229 197 169 145 116  92  69   52

0 1 2 3 4 5 6 7

35

25

15

5

C
u

m
m

u
la

ti
v
e
 m

o
rt

a
li

ty
 (

%
)

Time (years) 

0

FC III-IV45

35

25

15

5

0 1 2 3 4 5 6 7

FC I-II

16.4

34.3

Time (years) 

All  FC patients

Dimopoulos et al  Circulation 2010



Time (years)

n 219 187 160 137 110  89   86   51

n 68   68   64   58   52  38   30   26
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Goal-oriented treatment strategy



Predictors of outcome

Diller G et al. Heart 2012



Diller G et al. Heart 2012



Conclusions

Eisenmenger syndrome differs significantly from other types 

of pulmonary arterial hypertension in terms of 

pathophysiology and natural history.

Eisenmenger syndrome is associated with multiple systemic 

complications and multiorgan failure

Advanced therapies have been shown to improve 

haemodynamics, exercise capacity and survival in 

Eisenmenger population. Their efficacy appears to be long-

lasting

A goal oriented treatment strategy based on BNP and 6MWT

might be beneficial in patients with Eisenmenger syndrome 





Thanks for your attention

giannak@med.auth.gr



Heart 2010

N=38 consecutive patients 

with CHD-PAH and 

Eisenmenger syndrome 

under bosentan treatment


