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Clinical and hemodynamic picture of Eisenmenger syndrome
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Abstract: Eisenmenger syndrome represents a very specific form of pulmonary arterial hypertension (PAH).
Unlike patients with idiopathic PAH, in Eisenmenger syndrome the clinical and cardiac status is often relatively
stable for a long time. On the other hand, due to cyanosis and due to maladaptive body reactions many non-

cardiac complications may occur.

Fourteen patients (pts) with Eisenmenger syndrome were analyzed, with the mean age 41 years. Invasively
measured pre-capillary pulmonary hypertension was severe (mean pulmonary arterial pressure 79 mmHg) and
a statistically significant difference according to the site of defect was found (pre-tricuspid shunts vs post-

tricuspid shunts=57,5 mmHg vs 88 mmHg; p=0.01).

It is neccessary to keep in mind that non-cardiac events and complications may lead to death sooner then the
right ventricular dysfunction or PAH (Tab. 7, Fig. 21, Ref. 16). Full Text (Free, PDF) www.bmj.sk.
Key words: pulmonary arterial hypertension, Eisenmenger syndrome, cyanosis, a multi-systemic disease, right

ventricular function.

Eisenmenger syndrome is a specific form of pulmonary ar-
terial hypertension (PAH) that develops due to a congenital heart
defect. Hemodynamically crucial is the presence of a non-re-
strictive systemic-to-pulmonary connection without pulmonary
outflow tract obstruction. For the development and time onset of
irreversible pulmonary vascular disease, following factors are
important (1, 2) — the site of the defect (pre- or post-tricuspid),
the size and the type of the defect, associated extra-cardiac ab-
normalities and the presence or absence of correction, as well as
the time and type of correction.

Unlike patients with other forms of PAH, Eisenmenger syn-
drome patients act often quite in a unique way. Pulmonary arte-
rial pressure is high, often even suprasystemic. Despite this fact
they usually tolerate it well and their clinical status is for long
time quite stable and more or less satisfactory, with better sur-
vival than patients with other forms of PAH (3, 4). The preserved
right ventricular function seems to be crucial — having a “pop-oft
valve” to the systemic circulation (5, 6). The other important
thing is that despite severe PAH the defect with right-to-left shunt-
ing enables to maintain sufficient systemic cardiac output, al-
though of course, for the price of systemic O, desaturation.

On the other hand, the situation is not too optimistic. Most
patients with Eisenmenger syndrome are symptomatic from
young age. In later phases of the disease their symptoms may

'Department of Cardiology, National Institute of Cardiovascular Dis-
eases, Slovak Medical University, Bratislava, and *National Institute of
Cardiovascular Diseases, Bratislava, Slovakia

Address for correspondence: I. Simkova, MD, PhD, FESC, Dept of
Cardiology, National Institute of Cardiovascular Diseases, Slovak
Medical University, Pod Krasnou horkou 1, SK-833 48 Bratislava,
Slovakia.

result from heart failure (right ventricular), or from PAH, but
more often their symptoms are the result of cyanosis and mal-
adaptive body reactions to systemic desaturation. Eisenmenger
syndrome must be considered a multi-systemic disorder (5, 7, 8,
9). The management should be concentrated in specialized cen-
ters that can provide both complete diagnosis and therapy of PAH
as well as of congenital heart disease (10, 11, 12).

Aim of the study

A prospective study, considering Eisenmenger syndrome a
multi-systemic disorder, focusing on the clinical and hemody-
namic status of the patients.

Patients

We analyzed 14 patients (pts) with Eisenmenger syndrome
supervised at our institution during January 2006 — January 2009.
They were 10 female (71.4 %) and 4 male (28.6 %), with mean
age 41 years (ranged 25-55 years). Majority of them — 8 (57.1 %)
were younger than 40 years, 4 pts (28.6 %) were between 40—49
years and 2 pts (14.3 %) were above 50 years of age (Fig. 1).

A pre-tricuspid type of shunt had 4 pts (28.6 %) (all of them
atrial septal defect (ASD), 2 pts with additional partial anoma-
lous drainage (PAPVD) of 1-2 pulmonary veins into the right
side of the heart) and 10 pts (71.4 %) had a post-tricuspid type of
shunt (6 pts (42.9 %) a ventricular septal defect (VSD), 2 pts
(14.4 %) an atrio-ventricular septal defect (AVSD), 1 patient
(7.1 %) a persistent arterial duct (PDA) and 1 (7.1 %) a common
arterial truncus (TAC) (Tab. 1). Simple shunt was present in 10 pts
(71.4 %), multiple shunts in 1 pt (7.1 %) and 3 pts (21.4 %) had
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Age: 25-55 years (mean 41y.)
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Fig. 1. Age of the patients.

complex cardiac defects with PAH (Tab. 1). Without any inter-
vention were 11 pts (78.6 %), 1 patient had a palliation (pulmo-
nary artery banding, BAP) at 10 months of age and 2 pts (14.3 %)
had their defect previously surgically closed (1 patient had a VSD
closure at 9 years and 1 pt had an ASD closure at 40 years of
age) (Tab. 1). Thus no residual shunts were present, the latter pts
developed moderate to severe PAH within 2—5 years after sur-

gery.
Methods

Medical history, patients’ present clinical status, laboratory
findings and electrocardiogram (ECG), as well as echocardio-
graphic and hemodynamic measurements and current therapy
management of the pts were evaluated.

Medical history was obtained from patient’s Health card and
during a personal interview.

Echocardiography was performed by a single observer with
GE Vivid 7 or Philips iE33 ultrasound system, both with digital

Tab. 1. Type and quantification of shunts, surgical correction (ASD
— atrial septal defect, PAPVD — partial anomalous pulmonary venous
drainage, VSD — ventricular septal defect, AVSD — atrio-ventricular
septal defect, TAC — common arterial truncus, PDA — persistent ar-
terial duct, BAP — banding of the pulmonary artery).

Type of shunt Ma. of pis %%
= pre-tncuspid (ASD / PAPVD) 4 286
= post-lricuspid 10 71.4
-VED 6
- BVED
- TAC 1
- PO 1
| Shunt Mo. of pts %
= sifmple 10 71.4
= mukiple 1 7.1
s complex 3 M5
| Surgical correction Mo. of pts %
= nn 1 78.8
= pallighon (BAP) i [ |
" yes 2 14.3

Tab. 2. Medical history.

Anamnestic data Mo, of pts %
Brealhlessness 12 BS.7
e i SO 4 28.6
Thromboembaolic complications 3 21.4
Bleeding / hemoptos 3 21.4
Syncope / dizziness | headache 3 21.4
Fatigua / muscle pain B 28.8
Hepatopathy / bile stones < 28.6
Palpitations 5 ¥5.7
Systemic hypertension 3 21.4
Chest pain 1 7.1
Other =] 21.4

Tab. 3. Clinical findings.

Clinical findings Mo.of pts k]

Cyanosis 10 T4
Clubbing a 643
Hearl pLirrs 13 929
Dryspnoea 12 8a.T7
Hepatomegaly / peripheral edema G 42.9

data archive system. The studies were obtained from standard
cardiac projections and all parameters were measured 3 times
and the mean value was taken.

A dilated right ventricle (RV) was diagnosed when its dias-
tolic diameter was >30 mm from the parasternal long axis view,
or when the RV was larger than the left ventricle (LV) from the
apical 4-chamber view, measured at 1/3 of the ventricles below
the atrio-ventricular valves. The RV hypertrophy was diagnosed
when the RV free wall diastolic diameter from parasternal long
axis was >5 mm. RV systolic function was estimated with ejec-
tion fraction (EF%), calculated by the Simpson’s method (end-
diastolic volume (RVEDV) minus end-systolic volume (RVESV))
from the apical 4-chamber view. RV systolic dysfunction was
diagnosed when RV EF was <40 %, mildly impaired function
when EF was 30—40 %. RV diastolic function was evaluated
using trans-tricuspid E/A and TDI E’/A’ flow velocity ratios.

Hemodynamic data (pressures and oxygen saturations) were
obtained from the right and left heart catheterization, and using
standard calculations for pulmonary/systemic flows (Qp/Qs),
pressure ratio (PAP/AoP), as well as pulmonary vascular resis-
tance (PVR).

Results

— Medical history (Tab. 2) and clinical findings (Tab. 3)
Functional activity of the patients was following — 2 pts
(14.3 %) were classified as NYHA II. class, 12 pts (85.7 %) as
NYHA III. class.
The most frequent subjective complaint was breathlessness
in 12 pts (85.7 %), worsening with exertion. Other respiratory
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Tab. 4. Pathological laboratory findings.

Laboratory findings Mao.of pts £

O saturation < B5% T 20,0
= B0% 5 3.7
Palyglobulia g 643
Hyperviscose syndromie 2 543
Sideropania 4 288
Throbocytopenia 7 S0.0
Elevated bilirubin and/or hepatal 10 - 4
BNZYMES
Hyperuricamia 4 288
Proteinuria 2 143
Hyparcholersterclemia 3 214
Olfver B 3BT
BMWT: 228-580m (meaan 291m)
7 pts
(500}

g 5 pla

2 (35.7%)

q

(=

g

Z 1 2Fﬂ5

i [14.3%;
< 300m 300-400m = A00m

Walking distance (m})

Fig. 2. 6 minute walking test (6MWT).

diseases (recurrent chronic bronchitis and asthma-like symptoms)
were found in further 4 pts (28.6 %). Malfunction of the hemo-
coagulation system was found in 6 pts — thromboembolic com-
plication (deep venous thrombosis and/or pulmonary thromboem-
bolism) in 3 (21.4 %); on the contrary bleeding episodes were
present in other 3 pts (21.4 %). Liver disorder or bilirubin me-
tabolism disturbance with bile stones formation was present in 4
pts (28.4 %). Syncope, dizziness and/or headaches experienced
3 pts (21.4 %), complaining of fatigue and/or muscle pain were
4 pts (28.6 %), palpitations were present in 5 pts (35.7 %) and
chest pain in 1 patient (7.1 %). Systemic hypertension was an
additional diagnosis in 3 pts (21.4 %) Other disorders (kidney
stones, thyreoid gland malfunction, oncological disease) were
found in 3 pts (21.4 %).

Cyanosis as well as clubbing were present in 10 pts (71.4 %).
2 pts after defect closure and 2 pts with ASD were without cy-
anosis at rest and they did not develop clubbing either. Heart
murmur was audible in 13 pts (92.9 %), mostly systolic 2/6, from
tricuspid regurgitation. Dyspnoea at rest or with limited physi-
cal activity was present in 12 pts (85.7 %) and signs of right
heart failure (hepatomegaly and/or peripheral edema) were
present in 6 pts (42.9 %).
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Tab. 5. Electrocardiographic (ECG) findings (RV — right ventricle,
RBBB - right bundle brunch block, AF — Atrial flutter, SVT — su-
praventricular tachycardia, SVES — supraventricular extrasystoles,
VES - ventricular extrasystoles).

ECE findings Mo.of pts O
RV hyperiraphy 14 100.0
RBEB 9 Bd.3
Arrhythamia a 571

- AF 2
- 8T 7
« GWES I VES 5

— Laboratory findings (Tab. 4)

Oxygen (O,) saturation was lower than 90% in 10 pts
(71.4 %), lower than 85% in 7 pts (50 %) and lower than 80 % in
5 pts (35.7 %). Due to severe cyanosis, secondary polyglobulia
and hyperviscose syndrome were present in 9 pts (64.3 %), throm-
bocytopenia in 7 pts (50 %) and sideropenia in 4 pts (28.6 %).
Elevated levels of bilirubin and/or hepatal enzymes were found
in 10 pts (71.4 %). Hyperuricemia was in 4 pts (28.6 %), hyper-
cholesterolemia in 3 pts (21.4 %) and proteinuria in 2 pts (14.3 %).
Additional other laboratory pathology was found in 5 pts (35.7 %).
— 6 minute walking test (6MWT)

Assessing patients’ physical efficiency was done by 6 minute
walking test; mean reached distance was 291m (ranged 228—
580 m). Distance of more than 400m was achieved by 7 pts
(50 %), 300—400 m by 5 pts (35.7 %) and <300 m by 2 pts (14.3 %)
(Fig. 2).

—ECG (Tab. 5)

All 14 patients (100 %) showed signs of right ventricular

hypertrophy, in 9 pts (64.3 %) a complete or incomplete right

Tab. 6a. Echocardiographic measurements 1 (RV — right ventricle,
LAx — long axis projection, 4CH — four-chamber projection, RVAW
—right ventricle anterior wall, EF — ejection fraction, E/A TV — trans-
tricuspid diastolic flow, TDI — tissue doppler imaging).

Echocardiographic measurements 1

[ RV dilatation

(LAx: R = 30 mem { 40H RV > L) MNo. of pis. %
s 4 86
yes 10 71.4
= RY hypartrophy
(RVAW = & mm) No. of ps. %
¥=a 14 100
= RV systolic dysfunction
{EF = 401 Mo. of pts. %
e 10 T1.4
Y5 4 286
= RV digstolic dysfunclion
{E/A TV TED MNo. of pts. %
s 2 14.3
YEE 12 857
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Tab. 6b. Echocardiographic measurements 2 (TAPSE — tricuspid an-
nulus excursion).

|
Ech-;:cardmgraphrc measuraments £ 2

|
! = RV anterior free vall diastolic diamater (RVAW)

T-17 mm {mean 11.5 mm)
= Tricuspid regurgitation peak gradent (TR)
4E-129 mmHg (mean 101 mmHg)

I = R\ ejeetion fractian (EF)

| 30-59 % (miean 43%)
[« TaPSE
|
12-28 mm {mean 21 mm)
RY gjection fraction (EF)
T pls
G (50.0%]
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T
o 1
& 4 pks
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Fig. 3. Echocardiographic measurement of right ventricular ejec-
tion fraction (RV EF).

RV ejection fraction (EF)
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Fig. 4. Echocardiographic right ventricular ejection fraction (RV
EF) according to type of shunt.

bundle brunch block were present. Arrhythmias were present in
8 pts (57.1 %) — in 2 pts intermittent or permanent atrial flutter,
in 5 pts paroxysms of supraventricular tachycardia and in 5 pts
supraventricular or ventricular extrasystoles.
— Echocardiographic measurements (Tab. 6a, 6b)

RV dilatation was present in 10 pts (71.4 %). RV hypertro-
phy was in all 14 (100 %) patients, with RV free wall (RVAW)

R\ ejection fraction (EF)
ED

p=0.2
&0 4
%.
h 40
=
[rs
20 4
30 - 89% 30 - 82%
{rmean 52%) {mean 35%)
0
na R failure yas
(n=8) thepalomegaly (n=E)

paripheral edema)

Fig. 5. Echocardiographic right ventricular ejection fraction (RV
EF) according to clinical signs of right ventricular (RV) failure
(hepatomegaly/peripheral edema).
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Fig. 6. Echocardiographic tricuspid regurgitation (TR).

diastolic diameter 7-17 mm (mean 11.5 mm). RV EF was 30—
69 % (mean 49 %). Figure 3 shows number of pts according to
RV EF. Good systolic RV function (EF >40 %) was in 10 pts
(71.4 %) and the presence of decreased RV function (EF <40%)
was found in 4 pts (28.6 %), though in all of them the RV func-
tion was only mildly decreased (EF 30—40 %). When evaluating
RV function according to the type of shunt, there was a differ-
ence (although statistically not significant, p=0.09) between pts
with pre-tricuspid and post-tricuspid type of shunting (Fig. 4).
In pts with pre-tricuspid shunts the RV EF was 30—42 % (mean
38 %), when in 2 of 4 pts in this group the RV function was
mildly impaired (EF 30—40 %) and in the other 2 pts the EF was
just above 40 %. On the contrary, in pts with post-tricuspid shunts
the RV EF was 30—69 % (mean 58 %), when only 2 of 10 pts
had RV EF <40 %. Evaluating RV ejection fraction according to
clinical signs of RV failure (hepatomegaly and /or peripheral
edema) showed a difference, although statistically not signifi-
cant (p=0.2). In pts with no signs of RV failure the RV EF was
higher — 30-69 % (mean 52 %), compared to pts with signs of
RV failure, where RV RF was 30-62 % (mean 35 %) (Fig. 5).
Diastolic dysfunction type I. was present in 12 pts (85.7 %).
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Fig. 7. Invasive measurement of mean pulmonary artery pressure
(mPAP).
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Fig. 8. Invasive measurement of mean pulmonary artery pressure
(mPAP) according to the type of shunt (pre-tricuspid vs post-tricuspid).
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Fig. 9. Pulmonary-to-systemic pressure ratio (PAP — pulmonary
artery pressure, AoP - systemic arterial pressure).

Without any tricuspid regurgitation (TR) was only one pt (7.1 %).
Most common finding was mild TR — in 7 pts (50 %), in 4 pts
(28.6 %) was moderate TR and 2 pts (14.3 %) severe TR (Fig.
6). Mean tricuspid regurgitation gradient was 101 mmHg (ranged
48-129 mmHg).
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Fig. 10. Pulmonary-to-systemic pressure ratio according to the type

of shunt (PAP — pulmonary artery pressure, AoP — systemic arterial
pressure).
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Fig. 11. Invasively measured pulmonary-to-systemic blood flow (Qp
— pulmonary blood flow, Qs — systemic blood flow).

— Hemodynamic data

All pts had pre-capillary type of pulmonary hypertension with
normal pulmonary wedge pressures. Mean pulmonary artery pres-
sure (MPAP) was 34-103 mmHg (mean 79 mmHg), 5 pts (35.7 %)
had mPAP >85 mmHg, 8 pts (57.1%) 55-85mmHg and only one
pthad mPAP <55 mmHg (Fig. 7). A statistically significant diffe-
rence (p=0.01) in mPAP was found between pre-tricuspid (34—
80 mmHg, mean 57.5 mmHg) and post-tricuspid shunts (76—
103 mmHg, mean 88 mmHg) (Fig. 8). Suprasystemic systolic
pulmonary artery pressure (pulmonary/systemic pressure ratio
(PAP/AoP) >1) was present in 8 pts (57.1 %), subsystemic pul-
monary artery pressure (PAP/AoP between 0.9-1) was in 2 pts
(14.3 %) and pulmonary artery pressure lower than systemic pres-
sure in 4 pts (28.6 %) (Fig. 9). Comparing pre- and post-tricus-
pid shunts a significant difference (p=0.008) was found — the
PAP/A0P ratio in pre-tricuspid shunts was 0.5-0.9 (mean 0.65),
on the other hand in post-tricuspid shunts it was 0.8—1.5 (mean
1.05) (Fig. 10). Pulmonary/systemic flow ratio (Qp/Qs) <1 was
calculated in 10 pts (71.4 %), Qp/Qs=1 was in 2 pts (14.3 %)
and Qp/Qs >1 was in 2 pts (14.3 %) (Fig. 11). PVR >8 Wood
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Fig. 12. Invasively measured pulmonary vascular resistance (PVR)
(W.u./m?— Wood units per patient’s body surface area).

units per m2 of patients’ body surface area (W.u./m?) was calcu-
lated in 11 pts (78.6 %), 6—8 W.u./m?in 2 pts (14.3 %), and PVR
<6 W.u./m?only in one pt (7.1 %) (Fig. 12).

— Therapy (Tab. 7)

All 14 patients (100 %) received anticoagulants, 4 pts (28.4 %)
required cardiotonic and 7 pts (50 %) also diuretic therapy. Cal-
cium channel blockers were used in 7 pts (50 %), intermittent
iron substitution in 4 (28.4 %) sideropenic pts and long-term
oxygen therapy in 2 pts (14.3 %). Medical antiarrhythmic therapy
was required in 4 pts (28.6 %). Additional medicamentous therapy
was needed in 11 pts (78.6 %).

Since 2006 at our institution specific treatment of PAH was
included into therapy in 10 pts (71.4 %), all of them were at time
of study evaluation on endothelin-receptor antagonists, in 2 pts
(14.3 %) combined with phosphodiesterase-5 inhibitors (9, 10).

Discussion

Patients with Eisenmenger syndrome were mostly in the
NYHA class III (85.7 %), less frequently in NYHA II (14.3 %).

Tab. 7. Therapy (PAH — pulmonary arterial hypertension).

Therapy Mo, of pls %
Cardictonics 4 286
Diuretica T =0
Caleiurn channel blockens 7 S0
Iron sutsttution i 2B.6
Cmygen therapy 2 14.3
Antiarrhythmics 4 28.6
Cther 1" r6.6
Specific threatment of PAH 10 T1.3

- Endolhedin-receptor anlagaonisis 10
- Phosphodissierase inhibitons. (comberation 1h.) 2

None of them were in NYHA IV; but none of them were in NYHA
class I either, although the majority (57.1 %) were younger than
40 years of age. Evaluating 6MWT showed relatively good ex-
ercise tolerance compared to other forms of PAH (1, 4, 5) — as
50 % of patients were able to achieve a distance >400 m, 35.7 %
walked between 300-400 m and only 14.3 % achieved <300 m.
On the other hand, none of the patients were asymptomatic, with
the most frequent subjective complaint — breathlessness — present
in 85.7 %. Also signs of at least mild to moderate RV failure
(hepatomegaly and/or peripheral edema) were present in 42.9 %
of patients.

Cyanosis with systemic O, desaturation (<90 %) was present
in 71.4 % of patients; above all in 50 % of patients the O, satura-
tion was less then 85 % and in 35.7 % even less then 80 %.
Severe systemic desaturation leads to many clinical complica-
tions and laboratory changes. In alignment with other studies (5,
7, 8, 13) secondary erythrocytosis and hyperviscose syndrome
was found in 2/3 of our patients (64.3 %) and sideropenic were
about 1/3 (28.6 %) of them. Low iron levels were found as a
compensatory mechanism in patients with cyanosis and erythro-
cytosis (7, 8), its frequency is increasing with age, and usually
can be drawn back to repeated phlebotomies. Nevertheless, seri-
ous non-cardiac complications resulting from cyanosis suffered
as many as 42.8 % of our Eisenmenger patients — 21.4 % had
thromboembolic complications and 21.4 % serious bleeding
events. In studies (3, 8, 14, 15), these types of complications are
reported in 11-100 % of patients. Arrhytmias, particularly su-
praventricular, are very common like in our study group (in al-
most 60 %), are usually poorly tolerated and cause important
morbidity and mortality (1, 7, 16).

Despite high (even suprasystemic) pulmonary arterial pres-
sure in patients with Eisenmenger syndrome, their RV function
is usually better compared to patients with other forms of PAH.

The anatomy and the function of the RV are crucial for the
survival and relative well-being of Eisenmenger patients (5, 6,
8). All of our patients presented with RV hypertrophy (with mean
wall thickness 11.5 mm). Good RV ejection function (EF >40 %)
was found in 71.4 % of patients, and only mildly decreased RV
function (EF 30-40 %) in the rest of them. As previously re-
ported there is a difference in RV picture between pre- and post-
tricuspid type of defects (5, 6). Although not statistically signifi-
cant, RV EF in patients with pre-tricuspid shunts was worse (mean
EF 38 %) compared to patients with post-tricuspid shunts (mean
EF 58 %), as well the RV EF showed worse in patients with
clinical sings of RV failure (mean EF 35 %) then in those with-
out hepatomegaly and/or peripheral edema (mean EF 52 %). Mild
tricuspid regurgitation was present in 50 % of patients, but on
the other hand only 14.3 % had severe tricuspid regurgitation.
Diastolic dysfunction type I as a result of RV hypertrophy was
present in 85.7 % of patients.

Invasive hemodynamic data showed pre-capillary pulmonary
hypertension with the mean value of mPAP 79 mmHg. There
was a statistically significant difference of pulmonary artery pres-
sures according to the site of defect (mean mPAP 57.5 mmHg in
pre-tricuspid defects and 88mmHg in post-tricuspid defects) and
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from another point of view — in pre-tricuspid defects the pulmo-
nary artery pressure was about 2/3 of systemic pressure (mean
PAP/AoP ratio=0.65), whereas in post-tricuspid defects it was
slightly suprasystemic (mean PAP/AoP ratio=1.05). This may
show the ability of RV to tolerate much higher pressures in a
post-tricuspid type of defect, either due to the “fetal picture” of
the ventricle with more prominent RV hypertrophy or perhaps
due to a more effective ventricular interdependence.

Study limitation

Despite the success of the last years in pediatric cardiology
diagnosis and surgical strategies with a decreasing number of
new Eisenmenger patients, there is still a group of them from
past decades. Due to the irreversibility of their PAH changes and
due to no real possibility to provide them with any sufficient
treatment options, for a long time patients with Eisenmenger
syndrome were considered as “not interesting”. As in our coun-
try no registry of Eisenmenger patients is available, so it is diffi-
cult to evaluate those who are asymptomatic or with low level of
symptoms and are tolerating their symptoms well. This showed
also to be the crucial study limitation, as to our institution were
referred only patients with complications and/or with progres-
sive subjective deterioration. On the other hand, interestingly no
patients in the NYHA IV class were present in our cohort. It
may show that once patients develop severe symptoms, PAH has
a fast and progressive course, or that they die suddenly of non-
cardiac complications in lower NYHA classes.

Conclusion

Patients with Eisenmenger syndrome represent a complicated
group of PAH patients with the ultimate necessity to understant
their anatomy and physiology. Despite severe PAH (with even
suprasystemic pulmonary pressures), these patients often show
a relatively good clinical status and exercise tolerance for a long
time. A preserved good RV function (having a “pop-off valve”
to the systemic circulation and ventricular interdependence) and
its chronic adaptation for functioning in high pressure system
(RV hypertrophy) is crucial.

On the other hand, due to cyanosis and body maladaptations
resulting from cyanosis, Eisenmenger syndrome has to be con-
sidered a multi-systemic disease and all possible complications
need to be expected. When these complications are misunder-
stood or not properly managed, any stress situation (even a simple
disease or a surgery) may be fatal. It is neccessary to keep in
mind that in patients with Eisenmenger syndrom these non-car-
diac events and complications may lead to death sooner then
heart (right ventricular) dysfunction or pulmonary hypertension.
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