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Abstract
Background Pulmonary embolism (PE) is a life-threatening
thromboembolic complication in patients who have under-
gone a Fontan procedure for augmenting pulmonary blood
flow in the setting of single-ventricle physiology. In patients
following a Fontan procedure, lack of proper contrast agent
mixing in the right atrium and sluggish, low-velocity blood
flow within the Fontan circulation often results in suboptimal
contrast enhancement within the pulmonary artery for
evaluating PE. Unfortunately, there is a paucity of informa-
tion describing the optimal contrast-enhancement technique
with multidetector CT (MDCT) for evaluating PE in children
and young adults following a Fontan procedure.
Objective We illustrate the MDCT imaging findings of
suboptimal contrast enhancement within the pulmonary
artery, which can be mistaken for PE, in patients following
a lateral Fontan procedure, and we discuss MDCT
techniques to optimize contrast enhancement within the
pulmonary artery in these patients for evaluating PE.
Materials and methods The MDCT imaging findings in
pediatric and young adult patients following a lateral Fontan
procedure and with clinically suspected PE are illustrated.
We describe intravenous contrast agent injection techniques
that can be used to optimize the contrast enhancement in the

pulmonary artery in patients following a lateral Fontan
procedure.
Results The use of a suboptimal contrast-enhancement
technique led to initial misdiagnosis and incomplete evalu-
ation of PE in the three patients following a lateral Fontan
procedure. Imaging in two patients showed that optimal
evaluation of thrombosis in the Fontan pathway and PE in the
pulmonary arteries can be successfully achieved with simul-
taneous upper- and lower-limb injections of contrast agent.
Conclusion This series demonstrates that suboptimal con-
trast enhancement can result in misdiagnosis or incomplete
evaluation of PE in children and young adults following a
lateral Fontan procedure. Careful attention to optimizing
contrast enhancement during MDCT examination for
evaluation of PE in these patients is essential to prevent
misdiagnosis and incomplete evaluation.
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Introduction

Thromboembolism is a substantial cause of morbidity and
mortality in patients who have undergone a Fontan procedure,
a multiple-stage surgical reconstruction that diverts systemic
venous return to the pulmonary arteries in the setting of
single-ventricle physiology [1–3]. In the past, conventional
pulmonary angiography was the gold standard for diagnos-
ing pulmonary embolism (PE) [4]. However, with the advent
of multidetector CT (MDCT), which has allowed high
sensitivity and specificity in detecting PE in recent years,
CT pulmonary angiography (CTPA) is emerging as a
reliable, noninvasive diagnostic imaging modality for eval-
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uation of PE in patients following a Fontan procedure.
Unfortunately, because of the sluggish, low-velocity blood
flow that occurs in the Fontan pathway and pulmonary
arteries in patients following a lateral Fontan procedure,
incomplete mixing of blood and intravenous contrast agent
within the Fontan pathway and pulmonary artery can mimic
PE and result in misdiagnosis or incomplete evaluation [5].
In order to prevent misdiagnosis or delay in correctly
diagnosing PE in patients who have undergone a Fontan
procedure, understanding the optimal contrast-enhancement
technique during MDCT evaluation of PE is essential.

Materials and methods

Our hospital’s institutional review board (IRB) approved
the review of radiological and clinical data for this study.
Informed consent was waived by the IRB for this
retrospective analysis, but patient confidentiality was
protected. We reviewed CTPA studies performed for
evaluation of PE in pediatric and young adult patients
who had undergone a lateral tunnel Fontan procedure at our
institution between September 2006 and December 2008.
We identified three patients in whom suboptimal contrast
enhancement within the pulmonary artery resulted in initial
misdiagnosis or incomplete evaluation of PE. In addition,
we identified two CTPA studies in children following a
lateral Fontan procedure that showed optimal contrast agent
opacification in the Fontan pathway and pulmonary arteries
which had been performed with a simultaneous upper- and
lower-limb contrast agent injection technique with MDCT.

Case 1

A 20-year-old woman presented with intermittent chest
pain, shortness of breath, and nausea. The laboratory data
showed an elevated D-dimer level. The woman had been

diagnosed with tricuspid atresia and right pulmonary artery
stenosis at birth. She subsequently underwent multiple
cardiac surgery procedures at 3 years of age including: (1)
an initial right Blalock-Taussig (BT) shunt followed by a
lateral tunnel fenestrated Fontan, (2) balloon angioplasty of
right pulmonary artery stenosis, and (3) Fontan fenestration
closure with a 17-mm clamshell device.

Upon admission to our hospital, the woman underwent
CTPA with a 64-slice MDCT scanner (Sensation 64;
Siemens Medical Solutions, Erlangen, Germany) for eval-
uation of PE. CT parameters included 0.6-mm collimation
with weight-based low-dose tube current and kilovoltage,
high-speed mode, and a pitch of 1.5. Contrast agent
(100 ml, Optiray-320) was administered via a right upper-
extremity vein. The monitoring scan was set at the level of
the main pulmonary artery bifurcation.

CT images showed a filling defect in the right main
pulmonary artery, which was indicative of possible PE
(Fig. 1). In addition, inhomogeneous contrast enhancement
in the left branch pulmonary artery resulted in incomplete
evaluation of possible PE (Fig. 1). The woman subsequently
underwent MRI examination for confirmation of possible PE
in the bilateral branch pulmonary arteries. The MRI showed
completely patent bilateral main pulmonary arteries (Fig. 1).
The woman’s symptoms spontaneously resolved within 24 h
and she was discharged home.

Case 2

A 10-year-old boy was referred to our department with the
complaint of chest pain and an elevated D-dimer level
raising concern for PE. At birth, he was found to have
tricuspid atresia, a double outlet left ventricle, and pulmonic
stenosis. In the first year of life, the boy underwent a central
shunt and main pulmonary artery ligation followed by
central shunt takedown with right and left pulmonary artery
patch-plasty. Additional cardiac surgery procedures at

Fig. 1 A 20-year-old woman with a history of tricuspid atresia and
right pulmonary artery stenosis who had undergone a lateral Fontan
procedure. The woman presented with intermittent chest pain,
shortness of breath, and nausea. CTPA was performed for evaluation
of possible PE. a Enhanced axial CT image shows a filling defect

(arrow) in the right main pulmonary artery and inhomogeneous
contrast enhancement (curved arrow) in the left main pulmonary
artery. b Enhanced axial MR image demonstrates patent right main
(arrow) and left main (curved arrow) pulmonary arteries
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2 years of age included: (1) bilateral bidirectional Glenn
shunts, (2) takedown of a right BT shunt, and (3) formation
of a fenestrated lateral tunnel Fontan.

Upon admission to our hospital, the child underwent
CTPA with a 64-slice MDCT scanner (Sensation 64;
Siemens Medical Solutions, Erlangen, Germany). CT
parameters included 0.6-mm collimation with weight-
based low-dose tube current and kilovoltage, high-speed
mode, and a pitch of 1.5. Simultaneously, 30 ml of contrast
agent (Optiray-320) was administered via a right lower-
extremity vein using a power injector at a flow rate
of 3 ml/s and 20 ml of contrast agent was administered
via a right upper-extremity vein by hand injection at a rate
of approximately 2 ml/s. The monitoring scan was set at the
level of the Fontan pathway close to the level of the main
pulmonary artery bifurcation.

CT images showed incomplete opacification of the
hypoplastic left pulmonary artery (Fig. 2), resulting in
incomplete evaluation of possible PE in the left pulmonary
artery. The Fontan pathway and right main pulmonary artery
were patent. Because of the possibility of PE in the left main
pulmonary artery, an echocardiogram was immediately
obtained after CT examination. The echocardiogram showed
patent main pulmonary arteries and Fontan pathway without
evidence of PE. The boy’s chest pain eventually resolved
and he was discharged home in stable condition the next day.

Case 3

An 18-year-old girl with a history of tetralogy of Fallot and
an additional conoventricular septal defect into inlet septum
had a lateral tunnel fenestrated Fontan procedure performed

at 1 year of age. When the girl developed shortness of
breath, she underwent CTPA at an outside hospital for
possible PE. At that hospital, CT images were interpreted as PE
in the bilateral main pulmonary arteries (Fig. 3). The girl was
subsequently transferred to our hospital for further evaluation.

Upon admission to our hospital, the outside hospital CT
images (Fig. 3) were reviewed by a pediatric cardiac
radiologist and pediatric chest radiologist. Further investi-
gation of the girl’s outside hospital CTPA protocol revealed
a single contrast agent injection via a right upper-extremity
vein for the CTPA study. The pediatric radiologists and
cardiologist taking care of this patient concluded in
consensus that filling defects observed in the bilateral main
pulmonary arteries observed in the outside hospital CT
images might have resulted from incomplete opacification
of the contrast agent rather than a real PE. Because of the
serious need for clarification of a possible large PE, the girl
underwent a repeat CTPA study with a 64-slice MDCT
scanner (Sensation 64; Siemens Medical Solutions, Erlangen,
Germany) at our institution. CT parameters included 0.6-mm
collimation with weight-based low-dose tube current and
kilovoltage, high-speed mode, and a pitch of 1.5. Simulta-
neously, 80 ml of contrast agent (Optiray-320) was adminis-
tered via a right lower-extremity vein using a power injector at
a flow rate of 3 ml/s and 40 ml of contrast agent was
administered via a right upper-extremity vein by hand
injection at a flow rate of approximately 2 ml/s. The
monitoring scan was set at the level of the Fontan pathway
at the level of the main pulmonary artery bifurcation. Initial
CTscanning was performed 50 s after contrast agent injection.
Delayed-phase CT images were then obtained approximately
3 min after the initial contrast agent administration.

Initial repeat CT images demonstrated inhomogeneous
contrast enhancement in the bilateral main pulmonary
arteries that was less prominent than findings seen on the
outside hospital CT images. However, delayed repeat CT
images showed much improved homogeneous contrast
enhancement within the bilateral main pulmonary arteries
without PE (Fig. 3). The absence of PE in the bilateral main
pulmonary arteries was confirmed on echocardiography.
The girl became asymptomatic after overnight observation
and was discharged home the following day.

Case 4

A 4-year-old boy with complex congenital heart disease
(including heterotaxy, unbalanced common atrioventricular
canal, pulmonary atresia, and total anomalous pulmonary
venous connection) and cardiac surgical history (including
Glenn and lateral tunnel Fontan procedures) was referred
to our hospital for evaluation of PE after recent detection
of nonocclusive thrombus in the Fontan pathway on
transesophageal echocardiography.

Fig. 2 A 10-year-old boy with complex congenital heart disease who
had undergone a lateral Fontan procedure presented with chest pain
and elevated D-dimer level. Enhanced axial CT image shows
incomplete opacification of the hypoplastic left main pulmonary
artery (arrows) with contrast agent resulting in incomplete evaluation
of possible PE in the left main pulmonary artery. A subsequently
obtained echocardiogram showed a patent left main pulmonary artery
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Upon admission to our hospital, the child underwent
CTPA with a 64-slice MDCT scanner. CT parameters
included 0.6-mm collimation with weight-based low-dose
tube current and kilovoltage, high-speed mode, and a pitch
of 1.5. Simultaneously, 15 ml of contrast agent was
administered via a left lower-extremity vein using a power
injector at a flow rate of 1 ml/s and 15 ml of contrast agent
was administered via a left upper-extremity vein by hand
injection at a flow rate of approximately 1 ml/s. The
monitoring scan was set at the level of the Fontan pathway
near the level of the main pulmonary artery bifurcation.

CT images demonstrated nonocclusive thrombus in the
inferior vena cava portion of the Fontan pathway and PE in
the right branch pulmonary artery (Fig. 4). No thrombus or PE
was detected in the superior vena cava portion of the Fontan
pathway. Upon diagnosis of the thrombus in the Fontan
pathway, the child was started on anticoagulation therapy.

Case 5

A 2-year-old girl with heterotaxy syndrome (including
dextrocardia, common atrium, atrioventricular canal, double
outlet right ventricle with pulmonary stenosis, and asplenia)
was admitted to our hospital with shortness of breath and
desaturation for evaluation of PE. The child’s surgical
history included a right BT shunt, a left bidirectional Glenn
shunt and left pulmonary artery patch-plasty, coil emboli-
zation of aortopulmonary collateral vessels, and a lateral
tunnel Fontan procedure.

Upon admission, the child underwent CTPA with a 64-
slice MDCT scanner. CT parameters included 0.6-mm
collimation with weight-based low-dose tube current and
kilovoltage, high-speed mode, and a pitch of 1.5. Simulta-
neously 20 ml of contrast agent (Optiray-320) was
administered via a right lower-extremity vein using a power

Fig. 4 A 4-year-old boy with complex congenital heart disease and
single-ventricle physiology who had undergone a lateral Fontan
procedure. CTPA was performed with simultaneous upper- and
lower-limb injections of contrast agent for evaluation of PE after
detection of nonocclusive thrombosis in the Fontan pathway with
transesophageal echocardiography. a Enhanced axial CT image

obtained at the level of the inferior vena cava demonstrates a filling
defect (curved arrow) within the Fontan pathway consistent with
nonocclusive thrombus. Note the low-density delineating part of the
surgical Fontan baffle (straight arrow). b Axial-enhanced CT image at
the level of the main pulmonary artery shows a filling defect (arrow)
in the right main pulmonary artery (A aorta)

Fig. 3 An 18-year-old girl with complex congenital heart disease who
had undergone a lateral Fontan procedure. CTPA was performed for
evaluation of PE when she presented with shortness of breath. a
Enhanced axial CT image obtained at an outside hospital demonstrates
a filling defect in the right (arrow) and left (curved arrow) main

pulmonary arteries. b Subsequently obtained enhanced CT image
shows delayed but homogeneous contrast enhancement within the
right (arrow) and left (curved arrow) main pulmonary arteries without
evidence of PE

Pediatr Radiol (2009) 39:938–944 941



injector at a flow rate of 1 ml/s and 10 ml of contrast agent
was administered via a right upper-extremity vein by hand
injection at a flow rate of approximately 1 ml/s. The
monitoring scan was set at the level of the Fontan pathway
near the level of the main pulmonary artery bifurcation.

CT images were mildly limited by a beam hardening
artefact resulting from multiple intrathoracic embolization
coils; however, it was diagnostic for evaluation of throm-
bosis in the Fontan pathway and PE in the pulmonary
arteries. The Fontan pathway and pulmonary arteries were
well opacified with intravenous contrast agent without
evidence of thrombus or PE (Fig. 5). Based on the CTPA
findings, the girl was not subsequently treated with
anticoagulation therapy and her symptoms eventually
resolved spontaneously.

Discussion

The Fontan procedure, initially described by Fontan and
Baudet [6] in 1971, is a multistage surgical procedure
aimed at diverting systemic venous blood to the pulmonary
arteries in patients with a single-ventricle physiology.
Thrombosis and thromboembolism are well-known early
and late complications after the Fontan operation, with a
reported incidence ranging from 5% to 17% [3, 7–11]. The
exact etiology of thrombosis and thromboembolism in

patients following a Fontan procedure is not known;
however, it is assumed to be multifactorial, with possible
causative factors including atrial arrhythmias, abnormal
liver function tests, protein-losing enteropathy, coagulation
abnormalities, and slow nonlaminar blood flow patterns in
the Fontan pathway [2, 10, 12]. Cross-sectional studies in
which the prevalence of thrombus in the right atrium was
evaluated after a Fontan procedure have shown a preva-
lence of thrombi between 9% and 33% [7, 10, 11, 13–15].
Unfortunately, there are no published data regarding the
prevalence of PE in regard to the different pulmonary artery
levels (e.g., central, main, lobar, segmental and subseg-
mental pulmonary arteries) in children.

The number of individuals with congenital heart disease
who survive into adulthood has been steadily increasing.
With improved surgical technique and postoperative man-
agement, an increasing number of patients who have
undergone a Fontan procedure might present with clinical
symptoms raising concern for PE. In the past, conventional
pulmonary angiography was the gold standard for diagnosing
PE [16–18]. In recent years, MDCT has emerged as a
reliable, noninvasive diagnostic imaging modality for eval-
uating PE, with a high sensitivity and specificity for
detecting PE in adults without congenital heart disease.
When the CTPA protocol involves MDCT with four or more
detector rows, the sensitivity and specificity for correctly
detecting PE (in adults without congenital heart disease) has
been reported to be 83–100% and 89–97%, respectively
[19–22]. Superb diagnostic capability combined with non-
invasiveness and wide availability makes MDCTwith CTPA
the test of choice for evaluating PE. The diagnostic
capability of MDCT with CTPA depends primarily on the
degree of contrast enhancement within the pulmonary artery
to reliably differentiate thrombus from blood incompletely
opacified with contrast agent. It is well known that
suboptimal contrast enhancement within the pulmonary
artery is the one of the most common technical limitations
in the evaluation of PE with MDCT [23, 24].

In one of our patients who had undergone a lateral
Fontan procedure (patient 1), suboptimal contrast enhance-
ment within the pulmonary arteries that mimicked PE
resulted from a single injection of contrast agent via the
upper-extremity vein. In patients who have not undergone a
Fontan procedure, there is complete mixing of contrast
agent with blood within the right atrium and right ventricle
before it enters the pulmonary arteries. If contrast agent is
only administered via an upper-extremity vein in patients
with a lateral tunnel Fontan procedure, contrast agent from
the upper-extremity vein is incompletely mixed with blood
from the inferior vena cava within the Fontan pathway and
pulmonary artery. Furthermore, blood flow within the
Fontan pathway and the branch pulmonary arteries is merely
passive and largely depends on the transpulmonary gradient

Fig. 5 A 2-year-old girl with complex congenital heart disease
including dextrocardia and pulmonary atresia status who had
undergone a Fontan procedure presented with shortness of breath
and desaturation. CTPA was performed with simultaneous upper- and
lower-limb injections of contrast agent for evaluation of PE. Enhanced
axial CT image demonstrates patent right (arrow) and left (curved
arrow) main pulmonary arteries. Also noted is a metallic artefact from
embolization coils
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between the pulmonary artery and left atrium. The blood
flow is therefore sluggish, which further compromises
optimal opacification in the Fontan pathway and pulmonary
artery [25]. If the CT scan acquisition is initiated when there
is incomplete mixing of blood and contrast agent within the
Fontan pathway and the branch pulmonary arteries, the
incompletely opacified blood can be misdiagnosed as a
pulmonary embolus.

In patient 2, although both upper- and lower-limb veins
were simultaneously used for contrast agent injection, there
was incomplete opacification of the left branch pulmonary
artery. The reason for the incomplete contrast agent
opacification of the branch pulmonary arteries with simul-
taneous injection of upper- and lower-limb veins in our
patient 2 was the presence of a left superior vena cava,
which supplied unopacified blood into the left branch
pulmonary artery that was not recognized prior to
performing the study. Contrast agent injected into the right
upper limb vein filled the right superior vena cava that was
anastomosed with the right pulmonary artery and did not
opacify the left superior vena cava. A delayed scan
obtained to allow opacification of the left superior vena
cava would have avoided the diagnostic problem. This case
illustrates the importance of reviewing the details of the
prior surgical procedure and the postoperative anatomy
before planning the CT scan.

Our patients 4 and 5 showed that optimal evaluation of
thrombosis in the Fontan pathway and PE in the pulmonary
arteries can be achieved with simultaneous upper- and
lower-limb injections of contrast agent. Patient 4 demon-
strated thrombosis in the Fontan pathway and PE in the
right branch pulmonary artery while patient 5 showed a
patent Fontan pathway and the branch pulmonary arteries
without PE. Although the scan in patient 3 was performed
with simultaneous upper- and lower-limb injections of
contrast agent, we emphasize that a delayed second phase
CT scan was necessary for the uniform opacification of the
pulmonary arteries because of the markedly sluggish
circulation in this particular patient.

The timing of the CT acquisition is an important
technical factor that determines the quality of the contrast
enhancement on MDCT images. Three main methods for
determining the timing of CT scanning include: (1)
predetermined empirical delay, (2) bolus tracking, and (3)
the use of a test bolus [26]. We believe that the bolus
tracking method, which employs a low-dose monitoring
scan at a predetermined location of interest to determine the
exact timing for the CT scan, is the most effective method
in patients who have undergone a Fontan procedure.
Because of the unpredictable degree of contrast enhance-
ment secondary to variable blood flow velocity in the
Fontan pathway and pulmonary artery, using a predeter-
mined empirical delay for timing the CT scan acquisition is

not advisable in this group of patients. Although the test
bolus method is a promising technique, there are no
published data for its efficacy, particularly in pediatric
patients who have undergone a Fontan procedure.

Based on our experience with the five patients in this
report and previously published reports [5, 27], we believe
that diagnostic-quality contrast enhancement for evaluation of
PE in patients who have undergone a lateral Fontan procedure
can be achieved by optimizing three CT technical factors
during CTPA studies with MDCT: (1) employing simulta-
neous injections of contrast agent via catheters placed in both
upper- and lower-extremity veins; (2) performing a delayed
second-phase CT scan in patients with a bilateral Glenn shunt
and markedly sluggish blood in the Fontan pathway or
pulmonary artery, if there is suboptimal contrast agent
opacification on the first-phase CT scan; and (3) utilizing a
monitoring scan with contrast agent bolus tracking to initiate
CT scanning when optimal contrast enhancement is observed
within the Fontan pathway and pulmonary artery.

If the MDCT study results are still inconclusive after
optimizing the technical factors listed above, there are other
somewhat limited noninvasive imaging modalities for
evaluation of PE in this patient population including
echocardiography, MRI, and ventilation-perfusion scintig-
raphy (V/Q scan). Although transthoracic echocardiography
can be used to evaluate PE in the main and proximal branch
pulmonary arteries, it has limitations for a complete
evaluation of PE because the evaluation of distal pulmonary
arteries is markedly limited with this technique [14, 28].
MRI has been described as a useful technique for
evaluating PE [29]. However, the relatively high cost, lack
of wide availability, and need for sedation in infants and
young children makes this imaging modality limited as a
practical alternative to MDCT. Last, V/Q scan with
modified technique is a possible alternative imaging
modality for evaluation of PE in patients who have
undergone a Fontan procedure [30–32]. Similar to the
technique involving dual administration of contrast agent
used in our patients 3, 4 and 5, simultaneous injections of
radiolabeled macroaggregates into the upper- and lower-
extremity veins has been shown to be possible [31, 32].
This might also prevent false-positive diagnosis of PE
resulting from preferential blood flow from the superior
vena cava to the right pulmonary artery and the inferior
vena cava to the left pulmonary artery.

Conclusion

The cases in our series illustrate that suboptimal contrast
agent opacification of the branch pulmonary arteries during
evaluation of PE with MDCT can result in misdiagnosis
and incomplete evaluation of PE in patients who have
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undergone a lateral Fontan procedure. We believe that
diagnostic-quality contrast enhancement for evaluation of
PE in patients who have undergone a lateral Fontan
procedure can be achieved by: (1) employing simultaneous
injections of contrast agent via upper- and lower-extremity
veins; (2) obtaining a delayed second-phase CT scan if
there is suboptimal contrast agent opacification on the first-
phase CT scan; and (3) utilizing a monitoring scan with
contrast agent bolus tracking to initiate CT scanning when
optimal contrast enhancement is observed within the
Fontan pathway and pulmonary artery. Understanding the
techniques for optimization of contrast enhancement with
MDCT for evaluation of PE in patients who have
undergone a Fontan procedure is essential to prevent
misdiagnosis or delay in diagnosis. This, in turn, will result
in optimal management of patients who have undergone a
lateral Fontan procedure with clinically suspected PE.
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