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

Available online at www.sciencedirect.com

Original Research Article—Special issue: Thrombosis

Pulmonary thromboembolism in congenital heart defects
with severe pulmonary arterial hypertension

Monika Kaldararovaa,n, Iveta Simkovab, Tatiana Valkovicovab, Anna Remkovac,
Vladimir Neuschld

aNárodný ústav srdcových a cievnych chorôb a.s.—Detské kardiocentrum, Pod krásnou hôrkou 1, 833 48 Bratislava, Slovenská republika
bKardiologická klinika Slovenskej zdravotníckej univerzity a Národného ústavu srdcových a cievnych chorôb a.s., Bratislava, Slovenská republika
cCentrum hemostázy a trombózy HemoMedika, Bratislava, Slovenská republika
dInštitút zobrazovacej diagnostiky, Trnava, Slovenská republika

a r t i c l e i n f o

Article history:

Received 23 January 2013

Received in revised form

8 March 2013

Accepted 18 March 2013

Available online 22 March 2013

Keywords:

Congenital heart defects
Eisenmenger syndrome
Pulmonary arterial hypertension
Cyanosis

Pulmonary artery thrombosis
Pulmonary artery dilatation

a b s t r a c t

Introduction: Congenital heart defect (CHD) with shunt can lead to severe, even irreversible
pulmonary arterial hypertension (PAH); in extreme form to Eisenmenger syndrome (ES). Despite
relatively good long-term survival, these patients often suffer from cyanosis and multisystemic
dysfunction, where pulmonary artery thrombosis can be a potentially fatal complication.
Together with bleeding these are the most frequent causes of non-cardiac death in patients
with severe PAH due to CHD.
Patients and methods: Prospective study of 40 patients with severe PAH due to CHD (28 female/12

male, median age 41.5 years) was performed, with the aim to analyze the presence of pulmonary
artery thrombosis and correlating anatomical and laboratory risk factors.
Results: Previous thrombosis and/or thromboembolic event was found in 7 patients (17.5%).
Significant differences in cyanotic vs non-cyanotic patients were in red blood count parameters:
median hemoglobin level 195 vs 141 (po0.0001), median erythrocytes count 6.62 vs 4.88�1012/l
(po0.0001), median hematocrit 0.58 vs 0.44 (po0.0001). Laboratory findings causing increased risk
for thrombosis were increased thrombocytes aggregation in 15 patients (37.5%), hypercoagulation in
5 patients (12.5%) and endothelial dysfunction in 8 patients (20%). Anatomical risk factor—severe
pulmonary artery dilatation (440 mm in female and 445 mm in male) was found in 19 patients
(51.4%).
Conclusions: Patients with severe PAH due to CHD represent a high-risk group for pulmonary artery
thrombosis with morphological and flow pathology combined with secondary erythrocytosis and

coagulation abnormalities. A relatively high incidence of platelet hyperaggregability shown in our
study would propose that aspirin therapy might be considered in some highly selected patients with
severe PAH due to CHD. Further studies though are needed to support this data.
& 2013 The Czech Society of Cardiology. Published by Elsevier Urban & Partner Sp. z o.o. All rights

reserved.
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1. Introduction

The presence of a hemodynamically significant congenital heart
defect (CHD) with shunt can lead to increased pulmonary arterial
flow and pressure. The onset and severity of pulmonary arterial
hypertension (PAH) are quite variable according to the type of
CHD, and in an extreme form can lead to Eisenmenger syndrome
(ES) with irreversible PAH [1,2], contraindicated to any further
correction.

Pulmonary arterial chances in PAH are closely studied but still
not completely understood. Endothelial dysfunction and histo-
morphological changes in small pulmonary arterial vessels are the
releasing factors of PAH [1]. Due to the increased pulmonary
arterial pressure and resistance a secondary dilatation of proximal
pulmonary artery is seen, with in situ thrombosis also described
[1]. Even pulmonary artery dissection or rupture is sometimes
reported [3,4].

ES represents a unique group among patients with PAH. The
long-term survival of these patients is traditionally described as
much better compared to those with other types of severe PAH
[1,2,5]; despite the presence of extreme pulmonary arterial
pressure, which can be systemic or even suprasystemic. This is
usually contributed to the well preserved right ventricular (RV)
function [5–8]. The presence of the defect is supposed to serve as
a “pop-off valve”, enabling the severely overloaded RV decom-
pression and so preventing its decompensation and failure. This is
why patients with a late CHD closure usually do much worse than
before surgery or compared to patients with persistent cardiac
shunting.

On the other hand, this RV “protection” in ES is paid with the
cost of right-to-left shunting through the defect that leads to
mixing of desaturated blood to systemic circulation resulting in
patient's cyanosis. Cyanosis and systemic hypoxemia lead again to
compensatory secondary erythrocytosis, changes in hemocoagu-
lation and also changes in most of the body organs [5,9,10].

So, in ES, patients have complications resulting not only from
the CHD and PAH but also from cyanosis and multisystemic
dysfunction [9,10]. Therefore there are combined several risk
factors for possible pulmonary arterial thrombosis (Fig. 1).

On the other hand these patients often suffer from severe
bleeding complications as well. Both these complications are the
most common cause of “non-cardiac” death in ES, as frequently as
in 20% [11].

The necessity or the appropriateness of anticoagulation ther-
apy is often discussed and until now it is not solved. In patients
with PAH it is usually recommended [1] but in ES subgroup of
patients the use of anticoagulation is a controversy [2,11–14], with
no real benefit proven; also in the guidelines there is no expert
consensus on this point. On the contrary, often secondary fatal
bleeding complications with or without anticoagulation therapy
are described.

2. Aims of the study

The aim of the study was to analyze patients with severe PAH due
to CHD for the presence of pulmonary artery thrombosis and risk
factors, like pulmonary arterial dilatation, and establishing possi-
ble correlations with cyanosis, secondary erythrocytosis and
coagulation abnomalities. The aim was to define high-risk
patients where anticoagulation therapy would be most profitable.

3. Patients

The patients analyzed were 40 patients with severe PAH due to
CHD, 28 female (70%) and 12 male (30%), with median age 41.5
years (23–78 years). Age groups were as follows: there were 16
patients with ≤40 years of age (40%), 17 patients between 40 and
60 years (42.5%) and 7 patients ≥60 years (17.5%).

23 patients (57.5%) had a simple shunt lesion (atrial septal
defect, ventricular septal defect or persistent arterial duct) and
7 patients (17.5%) had a combined shunt and 10 patients (25%)
a complex heart defect. Nine (22.5%) patients had a previous
defect closure without a residual shunt. All patients had an
invasively confirmed severe PAH (mean pulmonary artery pres-
sure 445 mmHg; and systolic pulmonary pressure 42/3 of
systemic systolic arterial pressure).

Fig. 1 – Complex pathological situations than can lead to pulmonary artery thrombosis and/or bleeding in patients with

Eisenmenger syndrome.
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