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THE FISENMENGER SYNDROME
NARY HYPERTENSION WITH REVERSED CENTRAI

L WOOD, OB.E, MD, FRCP
tional ) ' ’

Pulmonary hypertension with Cyanosis

"Pulmonary hypertension at systemic level due to high
pulmonary vascular resistance with reversed bi-

directional shunt" -
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 CHD!-3 (8% in 1950s, P. Wood)
o ~50% of patients with large unrepaired VSDs/PDAs?
o ~10% of patients with large unrepaired ASDs?2

o Almost all patients with unrepaired truncus
arferiosus?

1. Mulder BJ. Eur Respir Rev 2010; 19:308-13.
2. Beghetti M and Galié N. ] 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

No. Eisenmenger pts.

260

2002 2004 2006 2008 2010 2012 2014




PAH-CHD pathophysiology

Left-to-right shunt
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Proliferation of smooth Endothelial dysfunction
muscle cells
Increase in extracellular l _
matrix ‘ Increase In
Intravascular pulmonary vascular resistance
thrombosis l

Inverted shunt: right-to-left
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Cyanosis (Eisenmenger’s)
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 fo 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 abbsence of significant
post-operative residual congenital lesions or defects that originate as a sequela to
previous surgery.

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



Differences between IPAH and
Eisenmenger syndrome (l)

Parameters IPAH Eisenmenger syndrome
RV response
Dimensions Dilation Typically hypertrophy in
post-tricuspid defects
Function Rapid deterioration Often preserved (VSD), quite stable
Cardiac output Reduced Sustained by R-L shunting

Poor, survival limited to few years after Not as poor, patients survive decades after

Prognosis diagnosis diagnosis
Cyanosis
Prevalence When low-cardiac output + presence of The rule in ES
PFO/ASD
Severity Rarely severe at rest Often severe at rest
Haematologic Rare unstudied manifestations Secondary erythrocytosis common

Dimopoulos, Giannakoulas et al. Curr Opin Cardiol 2008



Differences between IPAH and
Eisenmenger syndrome (ll)

Parameters IPAH Eisenmenger syndrome
Systemic complications Not common Common (renal dysfunction)
Associated genetic/ ,
chromosomal disorder \[o] 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

Dimopoulos, Giannakoulas et al. Curr Opin Cardiol 2008



“... life expectancy of patients with this syndrome is 20 to 50 years ...”
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Kaplan—Meier survival with Greenwood confidence limits

Oya H, Am Heart J. 2002
Daliento L, Eur Heart J. 1998
Cantor WJ, Am J Cardiol. 1999



Survival (%)

Eisenmenger physiology:
Survival in adults
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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.



Freedom from Event

1.0

97.6%
0.8
71.8%
\
\
0.6 — \
N
AN
N\
\
AN
-~
No 42.8%
0.4 \\
N\ D'Alonzo, 1985
0.2
0.0 -
| | | | | | |
0 2 4 6 8 10 12
Years of FU

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

Survival

= approx. 3.2% annual
risk of death

Survival or need for
advanced therapies

Diller GP, unpublished
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Natural history of adult PAH
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McLaughlin VV, et al. Chest 2004; 126:78S-92S.



Severe Pulmonary Hypertension Without
Right Ventricular Failure: The Unique
Hearts of Patients With
Eisenmenger Syndrome

William E. Hopkins, mp, and Alan D. Waggoner, MHs, RDCS

Pulmonary Artery

RV and LV
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Cyanosis

Dick Ket (1902 — 1940)



Eisenmenger syndrome
Multi-organ disease

Exercise intolerance, dyspnoea, fatigue, Arrhythmias

dizziness e Supraventricular tachycardias

* Ventricular tachycardia, sudden cardiac

Hyperviscosity symptoms death\
» Headache, dizziness, visual

disturbances, paresthesias Rheumatologic complications

_ e Hyperuricemia and gout

Severe_cyanosis  Hypertrophic osteoarthropathy, clubbing
Renal dysfunction Gastrointestinal complications

e  Gallstones, cholecystitis
Haematologic involvement

e Secondary erythrpcytosis Bacterial infectious diseases
e Thrombocytopenia e Endocarditis
 lron deficiency e Cerebral abscess

 Respiratory tract infection
Thrombotic and_bleeding diathesis

* Dilation of the pulmonary arteries, in situ
thrombosis

e Haemoptysis, pulmonary haemorrhage

* Neoangiogenesis (Gl, pulmonary, other
bleeding)

e Cerebrovascular events

Dimopoulos K, Giannakoulas G. Eisenmenger Complex. In:
Pulmonary Arterial Hypertension: Oxford Cardiology Library



Pulmonary thrombosis in Eisenmenger
syndrome

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

Risk of Stroke in Adults With Cyanotic
Congenital Heart Disease

Joseph K. Perloff, MD; Ariane J. Marelli, MD; and Pamela D. Miner, RN, MN

Background. Adults with cyanotic congenital heart disease and elevated hematocrit levels are often
phlebotomized because of an assumed risk of cerebral arterial thrombotic stroke. Whether a relation
exists between hematocrit level, symptomatic erythrocytosis (hyperviscosity), and stroke remains to be
established in this patient population.

Methods and Results. Accordingly, 112 cyanetic patients 19-74 years old (mean, 36x11.7 years) in the
UCLA Adult Congenital Heart Disease Center Registry were selected for study by virtue of continuous
observation for 1-12 years (total, 748 patient-years). Patients with independent risk factors for embeolic or
vasospastic stroke were excluded. The study patients were then divided into two groups: 1) compensated
erythrocytosis (stable hematocrit levels of 46.0-72.7% [mean, 57.5+7.2%], iron replete, absent or mild
hyperviscosity symptoms), and 2) decompensated erythrocytosis (unstable rising hematocrit levels of
61.5-75.0% [mean, 69.5+10.6%], iron deficiency, marked-to-severe hyperviscosity symptoms). No patient
with either compensated or decompensated erythrocytosis, irrespective of hematocrit level, iron stores, or
the presence, degree, or recurrence of cerebral hyperviscosity symptoms, progressed to clinical evidence
of a completed stroke (cerebral arterial thrombosis with brain infarction).

Conclusions. Because a risk of stroke caused by cerebral arterial thrombosis was not demonstrated,
because the circulatory effects of phlebotomy are transient, and because of the untoward sequelae of
phlebotomy-induced iron deficiency, we recommend phlebotomy for the temporary relief of significant,
intrusive hyperviscosity symptoms but not for the hematocrit level per se. According to our data,
phlebotomy is not warranted to reduce an assumed risk of stroke because that risk did not materialize.
(Circulation 1993;87:1954-1959)

KEY WORDS ¢ congenital heart disease e stroke e blood cells ¢ hemodynamics




ron deficiency and stroke

Table 2. Hemadynumie and Hematologic Variables

1{no CVE} Group 11 (€

i{a =

Mecan = 5D
Hemaoglobin

Range

Mean = SD
Hemutoerit

Atrial fibrillation
Yo
No

Sanuking
Yes

Jrom deficiency dnems
MICTOCYI0SIS

Ammash et al. JACC 1996



Sea Level High Altitude

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 dtitude residents disclosed a much
greater dendity of the coronary microcirculation. From Ref. [3].

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.

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



Burden of Coronary Artery Disease in Adults With Congenital
Heart Disease and Its Relation to Congenital and Traditional Heart
Risk Factors

Georgios Giannakoulas, MD, PhD**, Konstantinos Dimopoulos, MD, PhD*",
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population. © 2009 Elsevier Inc. (Am | diol 2 11445-14

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



Maternal mortality (%)

Pregnancy and PAH in association with CHD

m IPAH
®m PAH-CHD
¥ Other PH

1997 - 2007 1978 - 1996

1. Bedard E, et al. Eur Heart J 2009; 30:256-65.



Serum ferritin <15 pg/l
Transferrin saturation £15%

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 215 g/l
Transferrin saturation 215%

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

Reassess symptoms
Repeat laboratory tests
Consider cessation of Fe
suppl. when Fe-replete
(serum ferritin 2 15 pg/l and
transferrin saturation 215%)
Some patients will require
chronic Fe suppl. for steady-
state erythrocytosis
Regularly reassess
symptoms and lab tests

Assess for other causes of
symptoms and treat accordingly: e.g.
hypovolaemia, gout, brain abscess
hypothyroidism, depression

symptoms
Patient

replete

Resolution of

remains iron-

Reassess every 6-12 months

Persistent moderate-severe
hyperviscosity symptoms
Packed cell volume >65%

Trial of phlebotomy with
fluid replacement

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




Replacement therapy for iron deficiency improves exercise capacity and quality of
life in patients with cyanotic congenital heart disease and/or the

Eisenmenger syndrome

Edgar LW. Tay **, Ana Peset ?, Maria Papaphylactou ?, Ryo Inuzuka?, Rafael Alonso-Gonzalez?,

Georgios Giannakoulas ¢, Aphrodite Tzifa ¢, Sara Goletto®, Craig Broberg °,
Konstantinos Dimopoulos *°, Michael A. Gatzoulis *"
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Prospective, single center, non-randomized study.

N= 25 cyanotic ACHD with iron deficiency Int J Cardiol 2011




BREATHE-5: Study design

Bosentan
125 mg bid
Bosentan
62.5 mg bid ‘ ________________
Screening 2:1 Randomisation Placebo
125 mg bid
Placebo
62.5 mg bid
2 weeks 4 weeks 12 weeks
Baseline 16 Weeks

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



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



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



BREATHE-5 OLE: Study design

Bosentan Bosentan 125 mg bid
Bosentan/placebo 62'bsidmg
BREATHE-5
—
16 weeks 4 weeks 20 weeks
Baseline OLE

OLE = Open label extension

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



Bosentan increased exercise capacity

80 -
mean (*x SEM)
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— n=26|
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Galie N, et al. Circulation 2006; 114:48-54.
Gatzoulis MA, et al. Int J Cardiol 2008: 127:27-32.



Long-term Brompton experience with
bosentan in adults with PAH-CHD

0 — p <0.001* p=0.005* p=0.03*
500 - O T

T 400 [ T B
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(Io B —
200 |-
100 I~ p <0.001t

Mgan_(SD) 284 (144) m 363 (124)m 380 (91) m 408 (114) m

Baseline 0-6 months 6-12 months  1-2 years

*Versus baseline
TAnalysis of covariance Diller GP, et al. Heart 2007; 93:974-6.



Long term efficacy of disease targeting therapies
In Eisenmenger syndrome

Diller G et al. IJC 2012



Escalation of therapy

metres
150

-90% Cl

L 75%Cl

Mean change in
6-minute walk test
distance : 90% Cl

= 75%Cl
Mean change in WHO class
2

T~ 25%Cl

10% Cl

I 3 years of FU
1 2 years of FU

Diller G et al. IJC 2012



Sildenafil and quality of life

Contents lists available at ScienceDirect

International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

Quality of life and functional capacity can be improved in patients with Eisenmenger
syndrome with oral sildenafil therapy

Edgar LW. Tay ?, Maria Papaphylactou ?, Gerhard Paul Diller °, Rafael Alonso-Gonzalez “, Ryo Inuzuka®,
Georgios Giannakoulas ?, Carl Harries *, Stephen John Wort“, Lorna Swan °,
Konstantinos Dimopoulos ***, Michael A. Gatzoulis *”

ospital, London, UK

Prospective study, n=12 patients with Eisenmenger syndrome,

NYHA class lll, sildenafil for 3 months



Effect on quality of life

20.7+-10.9 v 16.2+-10.4, p=0.001 10- p<0.007

‘7 p=0.10

CAMPHOR scores
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Symptom score Activity score  Generic QoL

Baseline 3 months

Tay ELT, et al. Int J Cardiol 2010



Combination therapy

6 min walk distance

Randomizaton

Cne patient ‘ o
exciuded dueto < 1 Silcenatil + bosentan
adverse ovents 10 patients

Systemic oxygen saturation at rest

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)

Iversen et al. EHJ 2010

Bosentan and placebe Bosentan and sikdenadl



Have we improved survival?

Circulation ~==9

Learn and Live..
JOURNAL OF THE AMERICAN HEART ASSOCIATION

Improved Survival Among Patients With Eisenmenger Syndrome Receiving
Advanced Therapy for Pulmonary Arter ial Hypertension
Konstantinos Dimopoulos, Ryo Inuzuka, Sara Goletto. Geor gios Giannakoulas, Lorna
Swan. Stephen 1. Wort and Michael A. Gatzoulis
Circulation published online Dec 21, 2009;

DOI: 10.1161/CIRCULATIONAHA.109.883876
Circulation 1s published by the American Heart Association. 7272 Greenville Avenue, Dallas. TX
72514
Copyright © 2009 American Heart Association. All rights reserved. Print ISSN: 0009-7322. Online
ISSN: 1524-4539




Study design

Total Total patient assessments «229 patients (34Si 12.6
n=229 g years; 35% male)

P ——— 54% NYHA class >l

non-ATs
*30% Down syndrome

*Mean resting saturations 84%

*68 patients (30%) either were
on AT or had AT initiated
during follow-up

First assessment Censored

&Reassessed * il +73.5% bosentan, 25%
sildenafil, 1.5% epoprostenol

Dimopoulos et al. Circulation 2010



Contemporary survival in Eisenmenger
syndrome: Relation to functional class
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Cumulative mortality with advanced therapies

No advanced therapies Advanced therapies
40 = 40 .
g 30.8 -~
20 - £'30 4
g = p =0.01
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= ©
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E -
O O
O . ' ' : ' ! ' ' O-I | | | | [ | |
O 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Time (years) Time (years)

n 219 187 160 137 110 89 86 51
n 68 68 64 58 52 38 30 26

Dimopoulos et al Circulation 2010



Goal-oriented treatment strategy

Congenital heart disease

ORIGINAL ARTICLE

B-type natriuretic peptide concentrations In
contemporary Eisenmenger syndrome patients:

predictive value and response to disease
targeting therapy

Gerhard-Paul Diller,"* Rafael Alonso-Gonzalez,' Aleksander Kempny,'

. . 2 . . .
Konstantinos Dimopoulos, ' Ryo Inuzuka,1 Georgios Giannakoulas,’ Lianne Castle,’
Astrid E Lammers," James Hooper,” Anselm Uebing,' Loma Swan,’

. . 7 ?
Michael Gatzoulis,'* Stephen J Wort"*




Predictors of outcome

Table 3 Multivariable predictors of mortality on Cox proportional

hazards analysis
Variables HR (95% CI)

Multivariable analysis
BNP (per 100 pg/ml) 1.71 11.07 to 2.73)
Creatinine (per 10 pmy/l) 0.70 {0.50 to 0.97)
6 min walk test distance (per 10 m) 0.93 (0.87 to 0.99)
Down syndrome 2.11 10.47 to 9.39)

p Value

0.02
0.03
0.02
0.33

BNF, B-type natriuretic peptide, WHO, World Health Organization functional class.
significant variables are printed in bold.

Diller G et al. Heart 2012



Expected mortality (%)
100

30 pmol/l

Median follow-up 3.3 years
Interquartile range 2.2-4.4 years

900 1000  BNP (pg/ml)

|
250 300 BNP (pmol/l)

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
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Original article

Pulmonary vasoreactivity predicts long-term outcome
in patients with Eisenmenger syndrome receiving
bosentan therapy

Michele D'Alto," Emanuele Romeo,’ Paola Argiento,’ Giuseppe Santoro,’
Berardo Sarubbi,’! Giampiero Gaio,' Christian Mélot,” Maria Giovanna Russo,’
Robert Naeije,:" Raffaele Calabro’
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