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The  number  of  Eisenmenger  Patients  under  FU  at  the  	

Royal  Brompton  Hospital  is  increasing  at  5%/year	




40 

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

PAH-CHD and particularly Eisenmenger 
patients are severely compromised 
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Aortic coarctation 
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) 



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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Transplantation 

Extracardiac  Surgery 

Haemoptysis 

CVA/Abscess 

CVS  Surgery 

Sudden  Cardiac  Death 

Right  Ventricular  Failure 

Somerville  J,  IJC  1998	


Mode  of  Death  in    
  Eisenmenger  Syndrome    

  
	




Deterioration of ES 

5%	
  annual	
  risk	
  of	
  deteriora1ng	
  to	
  class	
  III	
  necessita1ng	
  advanced	
  therapies	
  or	
  dying	
  



Predictor p-Value Exp(b) 95% CI 

Age 0.034 1.024 1.002-1.046 

Down Syndrome 0.014 0.2730 0.098 – 0.761 

WHO class I 0.069 0.2672 0.065 – 1.100 

Phlebotomy 0.097 1.77 0.906 – 3.443 

Syncope 0.056 2.217 0.985 – 4.989 

Arrhythmia 0.0160 2.408 1.820- 4.905 

Palpitations 0.0699 1.750 0.958-3.196 

HF/Diuretics 0.0015 2.911 1.511-5.607 

Digoxin 0.072 2.215 0.935-5.247 

Univariate Predictors of Death or need for AT (p < 0.10) 

Deterioration of ES 



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. 



Eisenmenger syndrome 



L- R shunts 





PAH after corrective cardiac 
surgery 



Unclassified cases 
28 y, man, class III under bosentan 



Survival depends on the PAH CHD-
type  



Hopkins WE, et al. J Heart Lung Transplant 1996. 
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Eisenmenger syndrome 
Idiopathic PAH 

  Similar lung histology 
  but 

  Different survival 

Survival curve compared to IPAH 





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 



Pseudohypoglycemia  
in Eisenmenger syndrome 

Suggested mechanisms 
  in vitro consumption of glucose by high levels of 

cells (secondary erythrocytosis) in the blood after 
the sample is drawn and before it is processed 
(venous blood) 

 
  impaired blood flow in the digital microcirculation, 

which leads to a local increase in glucose 
consumption (finger stick blood) 

Theofilogiannakos EK, Giannakoulas G, et al. Ann Intern Med 2010 



measurements in patients were comparable to controls and
disclosed normal coronary flow reserve (Fig. 4).

3. Study 3. The paucity of coronary atherosclerosis [9]

3.1. Materials and methods

Two hundred seventy nine patients were divided into
four groups (Fig. 5): Group A—143 cyanotic unoperated
patients, 54 male and 89 female aged 18 to 69 years (mean
36F11), mean iron replete hematocrit 61%F8, mean
systemic arterial oxygen saturation 78F3; Group B—47
cyanotic patients who were rendered acyanotic by operation
at ages 22 to 69 years, mean postoperative follow-up 16.9
years, mean postoperative hematocrit 41%F5; Group C—

41 acyanotic unoperated patients, 22 male and 19 female
aged 22 to 75 years (mean 44F15), mean hematocrit 41F5;
Group D—48 patients who were acyanotic both before and
after operation, 24 female and 24 male age 21 to 70 (mean
42F4), mean post operative follow-up 15 years, mean
hematocrit 42F3. No patient had a myeloproliferative
disease, none was malnourished, none had ever taken a
cholesterol-lowering medication, and all were born and
lived at sea level (Table 2).

3.2. Coronary arteriograms

Fifty-nine Group A patients, 25 females aged 38 to 54
years (mean 43F4) and 24 males aged 36 to 56 years (mean
41F6) had high quality coronary arteriograms that were

Fig. 2. Striking gross appearance of an ectatic, tortuous left anterior

descending coronary artery in a 45 year old woman with an Eisenmenger

ventricular septal defect.

Fig. 3. Histologic appearance of the ectatic coronary artery shown in Fig. 2. (a) Trichrome stain showing disruption of the internal elastic lamina (left upper

arrow), increased medial collagen (C) that stains blue, and fibrointimal hyperplasia (paired arrows). (b) Alcian blue stain showing increased extracellular matrix

(blue) scattered throughout the media. Medial smooth muscle cells are pink. There was no atherosclerosis.

Table 1

Causes of cyanotic congenital heart disease

(1) Natural connections

(a) Isolated intracardiac communications with or without pulmonary

outflow tract obstruction (Eisenmenger syndrome)

! Ventricular septal defect

! Atrial septal defect

(b) Complex lesions with or without pulmonary outflow tract obstruction

(Eisenmenger physiology)

! Atrioventricular septal defect

! Ventriculo-arterial discordance (dextro-transposition of the great arteries)

or atrioventricular and ventriculo-arterial discordance (levo-transposition

of the great arteries) with a restrictive or nonrestrictive ventricular septal

defect

! Tetralogy of Fallot (unoperated)

! Various forms of truncus arteriosus

! Tricuspid atresia

! Various forms of double inleft ventricles

! Ebstein anomaly with atrial septal defect

(c) Large extracardiac communications (aorto-pulmonary connections)

! Patent ductus arterisous

! Aortopulmonary window

! Aortopulmonary collaterals in patients with pulmonary atresia

(2) Palliative (unnatural) connections to augment restricted pulmonary

blood flow

! Waterston anastomosis (ascending aorta to right pulmonary artery)

! Potts anastomosis (descending aorta to left pulmonary artery)

! Blalock Taussig anastomosis (subclavian artery to ipsilateral pulmonary

artery)

J.K. Perloff / International Journal of Cardiology 97 (2004) 79–86 81
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No patient with cyanosis 
developed significant CAD 



Risk Stratification 



ESC/ERS 2009 PAH guidelines 

Galie N et al, Eur Heart J 2009;doi:10.1093/eurheartj/ehp297.  



Natriuretic peptides 



BNP as a predictor of outcome 

Diller G et al. Heart 2012 



BNP as a predictor of outcome 

Diller G et al. Heart 2012 



Echo in risk stratification 

Moceri et al. Circulation  2012 

area, was maintained even after exclusion of patients with
pretricuspid shunts (hazard ratio, 3.28 per 10-cm2 increase;
95% confidence interval, 1.63–6.58; P!0.0009; and hazard

ratio, 2.58; 95% confidence interval, 3.70–46.73; P"0.0001,
respectively). Resting oxygen saturation and BNP concentra-
tion were also predictive of outcome on univariate analysis.

On multivariate Cox regression analysis, including TAPSE
with each of the other significant predictors of death, the
predictors of outcome were RA area, ratio of RA/LA area,
ratio of RV effective systolic to diastolic duration, TV e#/a#,
and MV e# (Figure 2B). The prognostic power of these
echocardiographic parameters was not influenced by ad-
vanced therapies. In fact, little change in the prognostic
power of each parameter was found when they were included
in the Cox model with established advanced therapy at the
time of echocardiography (binary variable) (Figure 4). When
the RA area and the ratio of RA/LA were included in a
multivariable model, both were predictive of outcome
(P!0.003 and P!0.002, respectively). However, this was not
the case for RA pressure.

With the use of multiple imputations, 10 imputed databases
were generated. A composite score, based on the strongest
echocardiographic predictors of outcome, was generated, and
1 point was attributed to each of the following: TAPSE
"15 mm, ratio of RV effective systolic to diastolic duration

Figure 2. A, Univariate predictors of outcome. B,
Predictors of outcome in multivariate models
including tricuspid annular plane systolic excursion
(TAPSE) and each of the echocardiographic pa-
rameters significant on univariate survival analysis.
HR indicates hazard ratio; CI, confidence interval;
BNP, B-type natriuretic peptide; RV, right ventricu-
lar; TV s#, tricuspid annular peak systolic velocity;
RA, right atrial; LA, left atrial; TV, tricuspid valve;
RVOT, right ventricular outflow tract; VTI, velocity-
time integral; t-IVT, total isovolumic time; S:D ratio,
ratio of right ventricular effective systolic to diastol-
ic duration; LVEF, left ventricular ejection fraction;
and MV, mitral valve.

Figure 3. Kaplan-Meier curve for tricuspid annular plane systolic
excursion (TAPSE). Patients with TAPSE "15 mm had higher
mortality rates than patients with TAPSE !15 mm.

1464 Circulation September 18, 2012

 by ARTURO CORTINA on September 17, 2012http://circ.ahajournals.org/Downloaded from 

!1.5, RA area !25 cm2, and ratio of RA/LA area !1.5. This
score was strongly related to mortality (odds ratio, 3.69; 95%
confidence interval, 2.31–5.91 by bootstrap analysis). On
receiver operating curve analysis, the average area under the
curve for the composite score in the imputed databases was
0.90!0.01 compared with 0.67!0.00 for TAPSE alone
(Figure 5). The predictive power of the echocardiographic
score did not improve either by the inclusion of diastolic
parameters (TV e"/a" and MV e") or by the inclusion of BNP
concentration (#50 ng/L) and resting saturation ($80%).

Discussion
Our study demonstrates that echocardiographic parameters
can be applied to predict clinical outcome in Eisenmenger
patients. Parameters reflecting RV function and elevated

central venous pressures predicted all-cause mortality, as-
sessed either alone or even more so in a composite score. We
believe that this score may be used in the risk stratification of
Eisenmenger patients and could influence the decision to
escalate therapy.

Our data confirm significant differences in the pathophys-
iology of Eisenmenger syndrome compared with other types
of PAH but also indicate important similarities. Patients with
Eisenmenger syndrome have a significantly better prognosis
compared with idiopathic PAH and connective tissue dis-
ease–associated PAH. Many patients survived for decades
after the initial diagnosis of congenital heart disease, even
before the advent of advanced targeted PAH therapy.14–16 The
difference in outcome is thought to be related to better
adaptation of the RV to systemic or high pulmonary artery

Figure 4. Predictors of outcome in multivariate
models including each of the echocardiographic
parameters significant on univariate survival analy-
sis and treatment with advanced pulmonary hyper-
tension therapies (ATs) at the time of echocardiog-
raphy. HR indicates hazard ratio; CI, confidence
interval; TAPSE, tricuspid annular plane systolic
excursion; TV s", tricuspid annular peak systolic
velocity; RA, right atrial; LA, left atrial; TV, tricuspid
valve; RVOT, right ventricular outflow tract; VTI,
velocity-time integral; t-IVT, total isovolumic time;
HR, heart rate; S:D ratio, ratio of right ventricular
effective systolic to diastolic duration; and MV,
mitral valve.

Figure 5. Time-dependent receiver operating char-
acteristic curves at 1.5 years for tricuspid annular
plane systolic excursion (TAPSE) (A); the echocar-
diographic composite score (TAPSE $15 mm,
ratio of right ventricular effective systolic to diastol-
ic duration !1.5, right atrial area !25 cm2, right
atrial/left atrial area ratio !1.5) (B); the score with
diastolic parameters (tricuspid valve [TV] e"/a" and
mitral valve [MV] e") (C); and the score with B-type
natriuretic peptide (BNP) concentration and resting
oxygen saturation included (D), for the 10 imputed
databases (lines) and their average (gray area). No
benefit is added by the inclusion of either the dia-
stolic parameters or BNP concentration/oxygen
saturation. AUC indicates area under the curve.

Moceri et al Echocardiography in Eisenmenger Syndrome 1465

 by ARTURO CORTINA on September 17, 2012http://circ.ahajournals.org/Downloaded from 

TAPSE<15mm 
RA area>25cm2 

RA area/LA area>1.5 

RV systolic/RV diastolic duration>1.5 
 



Diller GP, unpublished 

Prognostic value of cyanosis 



Diller et al  Daliento et al Cantor et al Previous  
studies* 
 
Uric acid 
 
RA-pressure 
 
Syncope 
 
 Haemoptysis 
 
O2 saturation 
 
Down S. 
 
Renal dysf. 

n=171 n=188 n=109 

Functional class + + + 
Arrhythmia + - + 
Age (NA) + + younger worse 

Complex lesions + + - 
Laboratory param. K, alb, γGT Creatinine NA 

ECG parameters QTc, QRSd (-) RV1+SV5 

RV dysfunction - + NA 

Non cardiac surgery (NA) + NA 

Syncope - - - 
Haemoptysis - - - 

•  Oya et al Heart 2000, Saha et al IJC 1994, Clarkson et al Circ 1968, P Wood BMJ 1958 , 
•  Diller et al EHJ 2006 

Summary - Predictors of outcome 



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 



Pulmonary arterial thrombus formation in 
Eisenmenger syndrome 



Broberg CS, et al. J Am Coll Cardiol 2007 
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Pulmonary arterial thrombus formation in 
Eisenmenger syndrome 



Ventilation Qp/s O2 carrying capacity Muscle 

Diller GP, et al. Eur Heart J 2006; 27:1737-42.  

Iron-deficient patients: Hb (mg/dl) = 40.13 – 0.24 * Sat (%). r=-0.39 
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Iron deficiency and stroke 

Ammash et al. JACC 1996 



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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Bosentan significantly reduced PVR: 
BREATHE-5 
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Galiè N, et al. Circulation 2006; 114:48-54. 



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



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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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 



Results 

The overall 5-year mortality rate was 23.3% and was higher in patients 
in NYHA class >III (32.2% versus 14.1% in class II or less; log rank 
P<0.006) 



Results 



Long term efficacy of disease targeting therapies in 
Eisenmenger syndrome 

Fig. 2. Temporal change in 6-minute walk test distance (6MWTd) and functional class (FC) after initiation of disease targeting therapies in the overall cohort (A) and in the Down
syndrome patients (B). 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.

Fig. 3. Left hand panel: Scatterplots with superimposed lines of identity of change in 6-minute walk test distance (6MWT) at years 1, 2, 3 and 4 compared to baseline. Right hand
plot: Scatterplot illustrating the association between baseline 6MWTd and increase in 6MWTd at year 3.

4 G.-P. Diller et al. / International Journal of Cardiology xxx (2012) xxx–xxx

Please cite this article as: Diller G-P, et al, Disease targeting therapies in patients with Eisenmenger syndrome: Response to treatment and
long-term efficiency, Int J Cardiol (2012), doi:10.1016/j.ijcard.2012.02.007
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N=79	


Diller GP, IJC 2012 



Areas for future research 



Treat and repair approach 





Borderline operative indications: 
Perspectives 

  Opportunity to treat patients (new therapies) with increased 
PVR that contraindicate surgery, in order to remodel the 
vascular bed and to allow complete correction of the 
underlying anatomical lesions 

. 



Vasoreactivity in CHD-related PAH 

Galie et al. EHJ 2009 



Heart 2010 

N=38 consecutive patients 
with CHD-PAH and 
Eisenmenger syndrome 
under bosentan treatment 



Sildenafil in Fontan patients 

Giardini et al. EHJ 2008 
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BACK UP slides 



certain combinations particularly those in association with
left sided defects (e.g. mitral stenosis, mitral regurgitation,
aortic stenosis), do not lend well to targeted medical
therapy alone. Cardiac catheterization becomes a critical
tool in assessing defect-specific operability.

During the cardiac catheterization for evaluation of a
congenital systemic to pulmonary shunt, the data that is
required includes baseline room air hemodynamics
including three complete oxygen saturation shunt runs
(high and mid superior vena cava, RA lateral wall, RV, PA
and aortic (pre and post ductal if a patent ductus arteriosus
is present). The measures should be obtained in the
absence of respiratory or metabolic acidosis, anemia or
agitation. Once baseline data is obtained, if there is no
evidence of post-capillary pulmonary hypertension, acute
vasodilator testing should be performed if the PVR isN3
Wood units. Another full assessment including complete
shunt runs should be obtained while on the acute
vasodilator using either inhaled nitric oxide or intravenous
prostacyclin (epoprostenol). A separate assessment with
the addition of 100% O2 can be performed as well.
Preferably, oxygen consumption should be measured and
not assumed. But regardless, the hemodynamic parameters
must be assessed using the Fick method as opposed to
thermo-dilution unless there is already severe ES with only
a right to left reversed shunt in which case the cardiac
catheterization may not be needed to assess operability.15

One example of a treatment strategy for an adult with an
atrial septal defect is illustrated in Fig. 1.

In addition to hemodynamic and history assessment,
exercise capacity and in particular the presence of cyanosis
at rest or with exertion should preclude closure of the
defect. In the case of cyanosis with exertion or at rest, and
late discovery of the defect with the PVR above 6 Wood
units*m2 the preferable approach to management would
be medical with targeted PAH therapy and reassessment
within 6–12months if criteria was initially borderline
operable at prior cardiac catheterization.16 While data
exists for the use of ERAs for classic Eisenmenger
patients, there is less data on the use in patients with
moderate sized shunts. However our experience is
growing that this approach can be done in these types of
cases if the patient is being closely monitored and serially
re-evaluated. In the event that a defect is repairable, the
patient should be counseled that there may be perioper-
ative pulmonary hypertensive crises and complications
including the need for inhaled nitric oxide or extracorpo-
real membrane oxygenator bridging as well as the need for
long term PAH medical therapy. In addition, a conversa-
tion with the surgeon about leaving a small fenestration in
the patch repair that would permit a “pop-off” valve may
be beneficial (even if just used in the peri-operative period
when the patient may be at a higher risk of acute post-
operative PH crises).

In summary, while PAH and CHD are classified with
many other subgroups of PH Group 1, i.e. PAH, the group
is very heterogeneous in terms of anatomic, physiologic
and clinical features. A combined medical/interventional

Fig. 1. CHD/PH (ASD) Clinical management algorithm: Individualized case approach.
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Recommendation 

Rosenzweig EB, et al. Prog Card Dis 2012 





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) 



Escalation of therapy 

studies have confirmed the effect of medical therapy on exercise capac-
ity and symptoms [23–29]. In 2006 the Bosentan Randomized Trial of
Endothelin Antagonist Therapy-5 (BREATHE-5) providedmethodologi-
cally robust evidence that a 16-week therapy with the non-selective
endothelin-receptor antagonist Bosentan is safe and improves 6MWTd
as well as pulmonary haemodynamics in patients with Eisenmenger
physiology [17]. The subsequent 6 month open-label extension study
supported the notion that exercise tolerance and symptoms improve
with Bosentan treatment [30]. More recently, an increasing number
of reports suggested that phosphodiesterase inhibitors (especially
Sildenafil) might also be beneficial in this setting [31–33]. Intravenous
or subcutaneous administration of DTT has also been found to provide
symptomatic relief and improve exercise capacity in patients with
Eisenmenger physiology [34,35]. Due to logistic problems and the po-
tential for serious complications, uptake of this form of drug delivery
has been slow, however, usually remaining reserved for patients pre-
senting in FC 4. Despite the existing evidence, long-term experience
with DTT is limited. Given the potential for side effects and the substan-
tial costs of therapy, some have adopted a reserved attitude towards
prescribing DTT to patients with Eisenmenger physiology waiting for
evidence on longer-term safety and efficiency in this population [36].
In addition, a progressive decline of the beneficial effects of DTT during
long-term follow-up, especially in paediatric patients and those with
more severe disease at baseline was suggested [23,29].

The current study adds to the literature by providing data from a
large cohort of Eisenmenger patients treated with DTT at a single in-
stitution for a period of up to 8.9 years. To the best of our knowledge
this is the longest follow-up period available in the literature. Both,
6MWTd and FC improved early on DTT and we found no clear evi-
dence suggesting deterioration of 6MWTd or FC over the years, on av-
erage. Approximately, 1/3 of patients did, however, fail to respond to
initiation of DTT with an improved 6MWTd or FC. Almost all patients
with low baseline 6MWTd responded to DTT with an increased
6MWTd, while most patients in this group failed to experience an im-
proved FC. It deserves emphasis that this is non-identical to a lack of
symptomatic improvement. In fact, the vast majority of patients
reported some symptomatic improvement early on DTT. However,
the reported improvement was insufficient to warrant reclassification
from FC 3 to 2. We speculate that FC is not sensitive enough to detect

small changes in subjective well-being and objective exercise capaci-
ty in the most impaired patients (i.e. those with a baseline 6MWTd of
approx. below 250 m). The opposite was noticed in patients with
higher baseline 6MWTd. These patients tended to improve in FC,
while no consistent effect of DTT on 6MWTd could be found. This sug-
gests that 6MWTd may not be limited entirely by cardiovascular fac-
tors in this cohort, thus failing to reflect improved exercise capacity.
This is consistent with observations in patients with other forms of
PAH or heart failure [37,38].

We speculate that cardiopulmonary exercise testing with mea-
surement of peak oxygen uptake may be more appropriate to detect
improvements in this group. Clinicians caring for Eisenmenger pa-
tients on DTT should be aware of the limitations of, both, 6MWTd
and FC in isolation to assess response to therapy. Interestingly,
when we defined response to DTT as an improved 6MWTd or FC, al-
most all patients showed an initial response to therapy (Fig. 4). How-
ever, Eisenmenger physiology remains a progressive disease and 18
patients (=23%) required uptitration of therapy or introduction of
dual or triple DTT after a median period of 2.5 years. This was also as-
sociated with a trend to improve 6MWTd in our study.

The current study provides clinical data on course and timing of
improvement on DTT. It demonstrates that some patients continue
to improve up to 3 years after initiation of DTT, while symptoms
and 6MWTd tend to plateau after this period. Furthermore, patients
seemed to respond positively to combination DTT when treatment
was initiated on clinical grounds. A further observation of this study
was that O2-saturation under exercise improved with DTT. This pro-
vides a potential explanation for the improved exercise capacity as
reported in the BREATHE-5 study, where exercise saturations were
not available. Improved peak exercise saturations on DTT may indi-
cate improved tissue oxygen delivery, which in turn, leads to im-
proved exercise capacity. This is also important as Eisenmenger
syndrome is a multisystem disorder and cyanosis is likely to be
a key factor in determining complications and prognosis [10,26].
Although, resting saturation did not improve significantly in the
overall cohort, our results suggest that patients with very low base-
line O2-saturation are most likely to benefit from DTT by augmented
resting oxygenation. This effect supports the emerging use of DTT
in patients with Eisenmenger syndrome, complex anatomy and

Fig. 6. Temporal change in 6-minute walk test distance (6MWTd) and functional class (FC) after escalation of advanced therapies. P-values refer to repeated measure ANOVA results.
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Conclusions 

  CHD-related PAH may encompass various phenotypes with different 
pathophysiology and natural history.  

 
  Eisenmenger syndrome, the extreme end of the spectrum, is 

associated with multiple systemic complications and multiorgan 
failure 

 
  More research is required in areas such as “treat and repair” 

approach, vasoreactivity testing  



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 
 
  Risk stratification and treat on target approach might be an 

option when assessing and providing therapy in these patients 

  Advanced therapies have been shown to improve 
haemodynamics, exercise capacity and survival in 
Eisenmenger population 

 


