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THROMBOEMBOLISM IS A LONG-TERM

complication of the Fontan circulation, and
may decrease life expectancy and functional

state of patients with functionally univentricular
hearts. Several reports have also shown that throm-
boembolic events occur after a superior cavopul-
monary connection.1,2 A few studies have looked for
factors associated with the late occurrence of throm-
boembolism in these settings, implicating local and
hemodynamic conditions,3–6 as well as haematological

abnormalities, with multiple abnormalities in coag-
ulation being found both before and after the various
stages of the Fontan procedure.5,7–13

Some patients with a superior cavopulmonary con-
nection experience different degrees of chronic hypox-
emia. Chronic cyanosis, and secondary erythrocytosis,
may induce a hypercoagulable state with increased
risk of thrombosis. Vascular occlusion following
thrombosis may result in long-term elevation of the
pulmonary arterial resistance. It is well known that
hypoxia shifts the endothelial phenotype towards a
prothrombotic state.14 We hypothesized that endothe-
lial dysfunction might be present in these patients,
leading to increased risk of thrombotic events on a
long-term basis. The aim of our study, therefore, was
to look for evidence of endothelial dysfunction late in
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the postoperative course of patients undergoing a
superior cavopulmonary connection. Several markers
have been used as indexes of endothelial dysfunction.
In this study, we measured levels of thrombomod-
ulin, tissue-type plasminogen activator, plasmino-
gen activator inhibitor-1 and von Willebrand factor
antigen in the plasma, since these endothelial sub-
strates are involved in coagulation, fibrinolysis, and
adhesion of platelets. We also measured levels of 
D-dimer, as an attempt to look for an ongoing intra-
vascular coagulative process.

Methods

Population studied. We enrolled patients who had previ-
ously undergone a superior cavopulmonary shunt,
followed up in the outpatient clinic of the Department
of Paediatric Cardiology, Heart Institute, São Paulo,
Brazil. All except one of them had been considered
unsuitable for completion of the Fontan procedure,
either because of an increased mean pulmonary arte-
rial pressure, or because of stenosed and/or hypo-
plastic pulmonary arteries. We used 6 aged-matched,
healthy children and adolescents as controls. The
patients, and their parents, were informed about 
the purpose of the collection of data, and gave their
informed consent. The study was approved by the
Scientific Committee of the Heart Institute.

Collection of blood. After a period of 15 minutes rest-
ing supine, we collected peripheral venous blood via
a single, clean venepuncture in the antecubital fossa.
We either avoided the use of a tourniquet, or limited
it to less than one minute. The blood was collected
in 1:10 volumes of 3.8 percent sodium citrate.
Immediately after collection, the samples were cen-
trifuged at 3,000 gravity for 20 minutes. Plasma was
separated and stored at minus 80 degrees Celsius.
Aliquots were thawed only once for use.

General laboratory determinations. A further sample
was collected into ethylenediaminetetraacetic acid
for determinations of the haematocrit, platelet count,
and factor V. Saturations of oxygen were measured in
room air using finger pulse oximetry.

Biochemical determinations. Levels of D-dimer,
thrombomodulin, tissue-type plasminogen activator
antigen, Plasminogen activator inhibitor-1 antigen
and von Willebrand factor antigen were measured in
the plasma using an enzyme-linked immunosorbent
assay (Diagnostica Stago, Asnières, France). Samples
were processed in duplicate. Results were obtained
by comparison with a standard curve with reagents
provided by the manufacturer. Results were expressed
as nanograms per millilitre for D-dimer, thrombo-
modulin, plasminogen activator inhibitor-1 and 
tissue-type plasminogen activator, and as units per
decilitre for von Willebrand factor antigen.

Statistical analysis. Results are expressed as mean
plus or minus standard deviation, and median. Dif-
ferences between patients and controls were tested
using Student’s t test, and the Mann–Whitney test
was used for variables lacking a normal distribution.
Correlations between variables were tested by cal-
culating the coefficient of correlation. p values less
than 0.05 were considered statistically significant.

Results

We enrolled 10 patients in the study, the diagnoses
and characteristics being shown in Table 1. Their
mean age was 10.7 years, with a range from 4 to 19
years. The mean age of the control group was 11.2
years, with a range from 9 to 16 years. The periph-
eral oxygen saturation was 82.2 plus or minus 7.6
percent. The haematocrit was 50.5 plus or minus 4.2
percent. The platelet count was within the reference
range for all patients. Activity of factor V in the
plasma was below normal in half of the patients.

Biochemical determinations are shown in Table 2.
We found increased levels of von Willebrand factor
antigen (p � 0.01), and tissue-type plasminogen acti-
vator (p � 0.01), in the plasma, but decreased levels of
thrombomodulin (p � 0.008) when compared to con-
trols. Levels of plasminogen activator inhibitor-1 did
not differ from controls, while levels of D-dimer were
within the reference range. Levels of tissue-type plas-
minogen activator correlated well with the levels of
von Willebrand factor antigen (r � 0.66, p � 0.03,
Fig. 1). We failed to demonstrate any kind of correla-
tion between the degree of hypoxia as judged by
peripheral saturations of oxygen and the various bio-
chemical markers of endothelial dysfunction.

Discussion

Our results show that cyanotic patients with a superior
cavopulmonary connection have biochemical evidence
of endothelial cellular dysfunction, as demonstrated
by high levels of tissue-type plasminogen activator
and von Willebrand factor antigen in the plasma, with
decreased levels of thrombomodulin, levels D-dimer
being within the reference range. Our findings are
similar to those found in adult cyanotic patients with
Eisenmenger syndrome. Such patients have altered
levels of endothelial markers in the plasma, associated
with elevated levels of D-dimer, and a high prevalence
of central pulmonary arterial thrombosis.15

Our results cannot be generalized to all patients
with a superior cavopulmonary connection, since the
majority of them are younger patients, mostly below
two years of age. Thus, we assume that our patients
are most likely representative of an atypical subset of
individuals in whom the Fontan circulation cannot
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be completed. The main reasons for not assigning
our patients to a total cavopulmonary connection
were stenotic or hypoplastic pulmonary arteries and
increased pulmonary pressure. Patients with a supe-
rior cavopulmonary connection may have chronic
systemic desaturation of oxygen and secondary ery-
throcytosis. Endothelial dysfunction due to chronic
hypoxia and hyperviscosity may induce a hypercoag-
ulable tendency, with increased risks of thrombosis.

Whereas the healthy endothelium exhibits anti-
coagulative properties, exposure to hypoxia and other

stress factors can lead to a procoagulant phenotype.
Endothelial cells exposed to hypoxia undergo time-
dependent suppression of thrombomodulin, an
endothelial membrane protein that accelerates the
activation of protein C, which has potent anticoagu-
lative properties.14 Hypoxia also induces increased
expression of tissue factor, an initiator of the extrin-
sic pathway of coagulation. Plasminogen activator
inhibitor-1, a major endogenous inhibitor of fibri-
nolysis, is up-regulated during hypoxia and ischemia,
and also contributes to a procoagulant state.14

Table 2. Endothelial and coagulation markers in patients 
and controls.

Parameter Patients Controls p value

vWF:Ag (U/dl) 118.4 � 19.5 91.3 � 18.7 0.01*

(120) (87.5)
t-PA antigen (ng/ml) 7.6 � 2.4 4.3 � 1.6 0.01*

(7.5) (3.9)
PAI-1 antigen (ng/ml) 18.4 � 9.1 16.8 � 6.0 0.70**

(15.9) (15.1)
Thrombomodulin 9.3 � 5.4 31.3 � 13.6 0.008**

(ng/ml) (8.6) (29.2)
D-dimer (ng/ml) 155.2 � 58.2 200.8 � 55.2 0.14**

(159.5) (201)

Abbreviations: vWf:Ag: von Willebrand factor antigen; t-PA: tissue-
type plasminogen activator; PAI-1: plasminogen activator inhibitor-1
Values given are mean � SD and median (in parenthesis)
*Analyzed by Students t-test
**Analyzed by Mann–Whitney test
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Figure 1.
Scatter plot showing a positive correlation between the levels of 
tissue-type plasminogen activator and von Willebrand factor anti-
gen in the plasma.

Table 1. Characteristics of patients and general laboratory determinations.

Age at 
Age surgery

Patient Gender (years) (years) O2 sat (%) Ht (%) Diagnosis Surgical procedure

1 M 13 10 85 60 DILV, DORV, PS, previous MBTS Bilateral SCPC
2 F 14 10 66 49 VSD, RV hypoplasia, left PA stenosis Right SCPC, patch widening 

of left PA
3 F 13 9 86 50 TA, PS, left and right PA hypoplasia, Right SCPC

previous MBTS
4 F 6 5 86 48 TA, PS, left PA stenosis, previous Right SCPC, patch widening 

MBTS of left PA
5 F 19 15 80 47 Absent left AV connection, discordant VA Right SCPC

connections, previous banding of PT
6 M 8 7 83 51 DILV, DORV, PS, left PA stenosis Bilateral SCPC, patch 

widening of left PA
7 F 6 3 92 47 DILV, DORV, PS, left PA stenosis, Bilateral SCPC, patch 

moderate common valve regurgitation widening of left PA
8 F 13 8 80 52 TGA, LV hypoplasia, PS, VSD Right SCPC
9 M 4 3 80 50 PA, IVS, left PA stenosis, previous Right SCPC, patch widening 

MBTS of left PA
10 F 11 7 72 57 DORV, LV hypoplasia, previous Bilateral SCPC

banding of PT

Abbreviations: M: male; F: female; DILV: double inlet left ventricle; DORV: double outlet right ventricle; PS: pulmonary valve stenosis; MBTS:
modified Blalock–Taussig shunt; VSD: ventricular septal defect; RV: right ventricle; LV: left ventricle; PT: pulmonary trunk; TA: tricuspid atresia;
AV: atrioventricular; VA: ventriculoarterial; TGA: transposition of great arteries; PA: pulmonary atresia; IVS: intact ventricular septum; 
SCPC: superior cavopulmonary connection; O2 sat: peripheral oxygen saturation at rest; Ht: haematocrit
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Increased levels of thrombomodulin have been
reported in the plasma in several disorders associated
with damage to endothelial cells. It is not clear, how-
ever, under which conditions thrombomodulin is
actively or passively shed from the cell membrane, or
is cleaved by the pathological process. This molecule
is an important regulator of activated thrombin, con-
verting thrombin from a procoagulant to an anticoag-
ulant by altering its substrate specificity so that it
activates protein C.16 Decreased levels of thrombo-
modulin in the plasma is assumed to reflect impaired
endothelial synthesis of this proteoglycan, and has 
been demonstrated, for example, in patients with
Eisenmenger syndrome.15 It is possible that chronic
hypoxia may account for the reduction in levels of
thrombomodulin in the plasma of cyanotic patients.17

In fact, Ogawa et al.18 have shown that cultured
bovine endothelial cells exposed to low concentrations
of oxygen expressed diminished thrombomodulin
antigen and functional activity.

Hypoxia induces exocytosis of the Weibel-Palade
bodies, which are storage sites of several proteins,
including von Willebrand factor and tissue-type
plasminogen.19,20 von Willebrand factor is a glyco-
protein synthesized mainly by endothelial cells. It is
also a constituent of the platelet alpha granule. It 
is believed, however, that most, if not all, circulating
von Willebrand factor is likely to originate from 
the endothelium. Among the various plasma markers
of endothelial cellular dysfunction, von Willebrand
factor is one of the best available, mainly because of
its specificity.21 Increased circulating levels are found
in numerous clinical settings, such as inflammatory
and atherosclerotic disease. In addition, increased
levels have been demonstrated in cyanotic patients
with Eisenmenger syndrome, particularly in a sub-
group with a worse clinical condition.15

Tissue plasminogen activator, and its inhibitor-1,
are proteins released by endothelial cells. Elevated
levels of tissue-type plasminogen activator have been
found in the settings of atherosclerosis, disseminated
intravascular coagulation, and Eisenmenger syn-
drome.15,22 The mechanism by which high levels of
tissue-type plasminogen activator contribute to the
prothrombotic condition is unclear, as elevated lev-
els should theoretically increase fibrinolysis. Since in
our study we did not measure the activity of tissue-
type plasminogen in the plasma, we were unable to
decide whether increased antigenic concentration was
associated with an enhanced fibrinolytic capacity.
Increased levels of tissue-type plasminogen activator,
therefore, might be associated with activation of, or
damage to, endothelial cells, and should not neces-
sarily be viewed as a protective mechanism.

Plasminogen activator inhibitor-1 is up-regulated
during hypoxia.14 Despite the fact that plasminogen

activator inhibitor-1 can also be produced by hepa-
tocytes, platelets, mesothelial cells, monocytes and
smooth muscle cells, and therefore is a less specific
marker of endothelial cellular dysfunction, increased
levels of this molecule have been described in arterial
and thrombotic disease, and are considered a risk factor
for myocardial infarction.21 We failed to demonstrate
differences in our group of patients in comparison to
the controls.

The absence of intravascular coagulation in our
patients was suggested by normal circulating levels
of D-dimer. D-dimer has emerged as the most useful
marker of ongoing fibrinolysis. It is very sensitive,
although non-specific for the diagnosis of thrombo-
sis and pulmonary embolism. Normal values, none-
theless, are very helpful in excluding the diagnosis of
thrombosis.23

A few studies have addressed the role of endothe-
lial dysfunction in patients with functionally univen-
tricular physiology. It has been suggested that higher
shear stress on the wall of the pulmonary vasculature
may alter endothelial function, with vasoconstriction
and an increased risk for formation of thrombus.24 In
fact, the Fontan operation leads to loss or great reduc-
tion of pulsatility in the pulmonary circulation.
Pulsatile flow is important for shear stress mediated
release of endothelial-derived nitric oxide, and reduc-
tion of pulmonary vascular resistance. Reduction of
pulmonary vascular resistance following the adminis-
tration of exogenous nitric oxide has been demon-
strated in early and late postoperative states in those
having the Fontan circulation.25

Mahle et al.26 studied endothelial function in
patients with the Fontan circulation using high-
resolution ultrasonic interrogation of the brachial
artery, and found an impaired flow-mediated vaso-
dilation. In addition, they found increased levels of
asymmetric dimethylarginine in the plasma, this being
an endogenous competitive inhibitor of nitric oxide
synthase, synthesized by endothelial cells and con-
sidered another circulating marker of endothelial
dysfunction.

Considering the key role of hypoxia in the release
of von Willebrand factor, thrombomodulin, and 
tissue-type plasminogen activator from the endothe-
lium, we should anticipate the occurrence of a sig-
nificant correlation between such markers and 
the degree of hypoxia. The lack of correlation found
in our patients may reflect the small number of sub-
jects studied. Alternatively, in patients with func-
tionally univentricular physiology, other variables
may influence the expression and secretion of these
endothelial markers.

We have shown, therefore, that altered plasma levels
of endothelial dysfunction markers may precede the
occurrence of intravascular coagulation in chronically
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cyanotic patients with functionally univentricular
physiology in whom a superior cavopulmonary con-
nection has been constructed for definitive palliation.
Our current policy for this particular subset of
patients is to give warfarin for life, keeping their
international normalized ratio between 2 and 3. It
should be noted, however, that we did not address 
the relative contribution of pulmonary and systemic
endothelial cells to the circulating levels of biochemi-
cal markers in this work. Further studies are necessary,
involving a larger population of patients, including a
subgroup with normal systemic saturations of oxygen.
It is axiomatic that the better understanding of the
risk factors for thromboembolic complications will
help in the elaborations of rational recommendations
for antithrombotic prophylaxis in this setting.
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