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Abstract

The Fontan procedure is the final stage in the palliative surgical approach to patients with single-ventricle physiology. These
patients have an increased risk for thromboembolic disease in the Fontan circuit, which can be evaluated by chest computed
tomography angiography (CTA) in acute settings. However, false-positive results are common secondary to unusual stream-
ing patterns in the Fontan circuit. A biphasic CTA protocol was evaluated for the capability to clearly identify structures of
the Fontan circuit that are critical for the evaluation of thromboembolic disease. The study was a retrospective chart review
of Fontan patients with a chest CTA scan obtained between 2011 and 2017. Two pediatric cardiologists with additional
training in cardiac CT imaging independently reviewed each CTA and awarded one point for each of 5 Fontan circuit struc-
tures clearly identified resulting in a score range of 0-5. A score of 0-2 considered not capable, 3—4 partially capable, and 5
capable to clearly identify critical structures of the Fontan circuit. During the study period, 46 CTA scans were performed
on 21 patients. Of the CTA scans using a biphasic protocol, 62.5% (10/16) were considered capable to clearly identify all 5
critical structures of the Fontan circuit vs 27% (8/30) of the CTA scans using a monophasic protocol (p =0.027). Overall our
results suggest that the single-site biphasic CTA protocol has greater diagnostic capability to detect the presence of Fontan
thromboembolic disease when compared to the more traditional monophasic CTA protocol. Future prospective studies are
needed to confirm these findings.

Keywords Fontan - Thromboembolic disease - Pulmonary embolus - Computed tomography angiography - Congenital
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Introduction

Patients with complex congenital heart disease (CHD) with
single-ventricle physiology often undergo a series of staged
palliative surgical procedures that typically end with a final-
stage Fontan procedure which connects the systemic and
pulmonary circulation in series via a Total Cavopulmonary
Connection [1-5]. The intermediate-stage Glenn proce-
dure re-routes blood typically from the superior vena cava
(SVC) to the pulmonary arteries via an anastomosis of the
SVC to the superior aspect of the right pulmonary artery
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(RPA). The Fontan procedure completes the separation of
oxygenated from de-oxygenated blood by re-routing blood
returning from the inferior vena cava (IVC) to the pulmonary
arteries. Currently, the Fontan procedure typically involves
either a lateral tunnel or an extracardiac Fontan completion
with the latter being favored at our institution. The lateral
tunnel Fontan incorporates the posterior wall of the right
atrium with a patch to create a conduit from the IVC to the
pulmonary arteries through the right atrium [2—4]. The ext-
racardiac Fontan utilizes an extracardiac conduit to connect
the IVC to the pulmonary arteries directly and bypasses the
right atrium completely [5]. Despite advancements in surgi-
cal techniques, the anastomosis of the IVC to the pulmonary
circulation in the extracardiac Fontan procedure is typically
made to the under-surface of the RPA in a position that is
slightly offset from the SVC anastomosis thus creating pref-
erential blood flow from the SVC versus the IVC to the dif-
ferent branch pulmonary arteries [6, 7].
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After the Fontan procedure, the patient’s pulmonary
blood flow is dependent on low velocity, passive drainage
of blood from the superior and inferior vena cavae. Patients
with this physiology have been found to be at increased risk
for pulmonary thromboembolic disease compared to the
general population [8—14]. The exact cause for this increased
risk for thromboembolic disease is not completely known.
However, there are multiple suspected mechanisms that
likely contribute to this increased risk: slow venous flow,
ventricular dysfunction, cardiac arrhythmias, portal hyper-
tension with subsequent hepatic dysfunction, alterations in
the coagulation cascade, prosthetic material used in the Fon-
tan circuit, lack of pulsatility in the pulmonary circulation
with subsequent alterations in the endothelium, and cyanosis
[8—14]. Thromboembolism in these patients has been found
to be one of the leading causes of Fontan circuit failure or
death outside the perioperative period [8—12]. This makes
the ability to accurately evaluate for Fontan thromboembolic
disease a vital necessity in caring for this population.

Physicians with access to an MRI machine will often
obtain a cardiac MRI for non-emergent evaluation of Fontan
thromboembolic disease. For urgent evaluation of Fontan
thromboembolic disease, a transesophageal echocardio-
gram (TEE) can be performed. However, this is an inva-
sive procedure that requires sedation and expertise that is
often unavailable in an urgent fashion and detection of such
lesions is often difficult with TEE imaging. More commonly,
physicians utilize computed tomography angiography scans
(CTAs) to evaluate for Fontan thromboembolic disease as
this has the additional advantage of clearly defining the dis-
tal pulmonary architecture and extracardiac structures too.
However, when a traditional CTA pulmonary embolus (PE)
protocol is utilized, there is differential streaming of pulmo-
nary blood flow that results in preferential filling of the right
or the left pulmonary artery and related distal pulmonary
arterial circulation depending on whether the intravenous
(IV) contrast is injected from the upper or lower extremity.
The corresponding CTA can then mistakenly be interpreted
as being non-diagnostic or positive for flow-limiting throm-
bus in the other or poorly attenuated pulmonary artery or
Fontan connection thus initiating a cascade of expensive and
unnecessary testing and treatment protocols.

Various alterations to the traditional CTA PE protocol
have been developed to overcome the differential stream-
ing of contrast medium by focusing on the number of sites
for contrast medium injection and the number of phases
of acquisition [15, 16]. One technique utilizes dual sites
of injection, one in an upper and one in a lower extremity
vein, with a single acquisition. While another technique uti-
lizes dual sites of injection and dual phases of acquisition.
A third approach utilizes a single-site injection and single,
late phase of acquisition. The fourth approach and one that is
now favored by our team utilizes a single-site injection with
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dual phases of acquisition, also referred to as a biphasic CTA
(Fig. 1). For biphasic CTAs, the initial acquisition typically
evaluates the distal branch pulmonary arteries while the
second acquisition evaluates the proximal Fontan circuit by
allowing the contrast enough time for passive venous return.
All four techniques have shown improvement over utilizing
a single-site injection with single, early phase of acquisition.
However, utilizing two IV sites to inject contrast is typically
associated with double the discomfort with the added dif-
ficulty of obtaining venous access in a lower extremity that
is of a sufficient caliber to allow for a power injection. Our
study evaluated the use of a single-site injection with dual
phases of acquisition compared to a single-site injection with
a single, early phase of acquisition for optimal opacification
of structures important for the evaluation of thromboembolic
disease in the Fontan patient’s pulmonary circulation: SVC,
IVC, Fontan, as well as the right and left branch pulmonary
arteries.

Methods

The study was an IRB-approved retrospective chart review
of Fontan patients with a chest CTA obtained between 2011
and 2017. This spanned the time that the UF Congenital
Heart Center was adopting a biphasic CTA protocol for the
evaluation of Fontan patients. The UF Congenital Heart
Center Computed Tomography database was queried for
the term “Fontan” creating a list of patients. These patients’
medical records were reviewed for chest CTAs with images
available for review. Patients’ medical records were also
reviewed for type of CHD, date and type of Fontan surgery,
anticoagulation history, indication for CTA, route of contrast
medium injection, phases of acquisition, resulting diagnosis
and treatment plan after CTA, and follow-up imaging.
CTAs were performed on Toshiba-Aquilion machines
with 64, 128, and 320 slice capabilities. Patients under-
going a biphasic CTA utilized a single-site injection via
at least a 22 g peripheral IV and two acquisition phases.
Patients received 0.65 milliliters (mL) per pound, up to
a total of 150 mL, of iohexol contrast medium (350 mil-
ligram iodine/mL; Omnipaque 350, GE Healthcare, Ire-
land). If the patient weighed less than 75 1b, they received
all of their contrast prior to the initial acquisition and
their second acquisition was initiated 70 s after the ini-
tial contrast injection. If the patient weighed greater than
75 1b, half of the patient’s contrast volume was given via
a power injection prior to the first acquisition. This first
acquisition was triggered by bolus tracking that started
10 s following the start of the initial injection of contrast.
The region of interest was placed on the main pulmonary
artery and the Hounsfield units were set at 150. The sec-
ond acquisition was also triggered by bolus tracking that
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Fig. 1 a and b Monophasic computed tomography angiography scan demonstrating adequate filling of RPA, but inadequate filling of LPA that
could be concerning for a thrombus. ¢ and d Biphasic computed tomography angiography scan with adequate filling of all parts of Fontan circuit

started 50 s following the initial injection with the region
of interest placed on the Fontan connection. If bolus track-
ing did not trigger an acquisition, the second acquisition
was obtained manually no later than 70 s after the initial
injection of contrast. The second injection of contrast was
performed immediately prior to the second acquisition.
For comparison, the study included monophasic CTAs of
Fontan patients utilizing CTA protocols with only a single-
site injection via at least a 22 g peripheral IV and a single
early phase of acquisition. The monophasic CTA protocol
involved using 0.5 mL per pound, up to a total of 150 mL,
of iohexol contrast (350 mg iodine/mL; Omnipaque 350,
GE Healthcare, Ireland). The contrast would be hand
injected at a rate of 0.5 mL per second (mL/s) if the patient
weighed less than 50 1b. The contrast would be infused at
arate of 1-2 mL/s for patients weighing 50-100 lb and at
arate of 2 mL/s for patients weighing greater than 100 Ib.

The acquisition would then occur immediately following
the hand injection or, if the contrast was infused, 60 s fol-
lowing the start of contrast infusion. Neither the biphasic
or the monophasic CTA protocol adjusted the rate of injec-
tion nor the timing of acquisition on an individual basis.
A scoring system was created to assess the diagnostic
capability of each CTA for detecting thromboembolic dis-
ease based on the ability to clearly identify critical structures
of the Fontan circuit (SVC, IVC, central Fontan circuit, the
right pulmonary artery, and the left pulmonary artery). For
the right and left pulmonary arteries to receive a point, con-
trast needed to fill the vessel up to the onset of the first set
of branches from the right and left main pulmonary arter-
ies. Two pediatric cardiologists with additional training in
cardiac CT imaging independently reviewed each CTA and
awarded one point for each structure clearly identified result-
ing in a score range of 0-5. A score of 0-2 was considered
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not capable, 3—4 partially capable, and 5 capable to clearly
identify critical structures of the Fontan circuit.

Results

The database identified 46 CTAs performed during the study
period on a total of 21 patients. The patients’ original CHD
included six different diagnoses: hypoplastic left heart syn-
drome (9 patients, 16 CTAs), tricuspid atresia (3 patients, 7
CTAs), pulmonary atresia (1 patient, 5 CTAs), unbalanced
atrioventricular septal defect (4 patients, 14 CTAs), double-
inlet left ventricle (1 patient, 3 CTAs), and double-outlet
right ventricle (1 patient, I CTA). There was no significant
difference as to the type of Fontan between monophasic and
biphasic populations, 63% lateral tunnel and 37% extracar-
diac vs 44% lateral tunnel and 56% extracardiac, respectively
(Table 1).

There was no statistically significant difference between
acute and non-acute indications for chest CTA, p=0.36
(Table 2). Acute indications for a chest CTA included clini-
cal concern for Fontan thromboembolic disease (n=14),
respiratory infection/hemoptysis (n=35), thromboembolic
disease on prior monophasic CTA (n=4), renal artery

Table 1 Patient demographics

Monophasic  Biphasic p value
CT n=30) CT (n=16)
Males 18 (60%) 12 (75%) 0.35
Weight 41.7kg 49.7 kg 0.29
Type of Fontan 0.23
Lateral 19 (63%) 7 (44%)
Classic 0(0) 0(0)
Extracardiac 11 37%) 9 (56%)
Site of injection
Right upper extremity 21 (70%) 6 (37%)
R-SVC 13 3
L-SvC 6 2
Bilateral SVC 2 1
Left upper extremity 6 (20%) 10 (63%)
R-SVC 5 6
L-SvC 0 1
Bilateral SVC 1 3
Lower extremity 2 (7%) 0 (0%)
R-SVC 2 0
L-SvC 0 0
Bilateral SVC 0 0
Unknown upper extremity 1 (3%) 0 (0%)
R-SVC 0 0
L-SvC 1 0
Bilateral SVC 0 0
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Table 2 Indications for CTA

Monophasic  Biphasic CT (n=16)
CT (n=30)
Acute:
Chest pain 9 (30%) 3 (19%)
CXR abnormality 3(10%) 0
Shortness of breath 0 2 (12.5%)
PE on prior CTA 1(3.3%) 3(19%)
Renal artery thrombus 1(3.3%) 0
Acute hemoptysis 1(3.3%) 1 (6%)
Failing fontan 0 1 (6%)
Bleeding concern 1(3.3%) 0
Non-acute:
Chronic hemoptysis 1(3.3%) 0
Vascular/anatomic evaluation 13 (43.3%) 6 (37.5%)

thrombus on CTA at referring hospital (n = 1), failing Fontan
with protein losing enteropathy (n=1), and bleeding concern
(n=1). The non-acute indications for a chest CTA included
vascular/anatomic evaluation as part of cardiac transplant
evaluation, pre-surgical planning, or concern for a vascular
abnormality (n=19) and chronic hemoptysis (n=1).

Of the 46 CTAs, 65% were monophasic and 35% were
biphasic. Of the biphasic CTAs, 62.5% were considered
capable to clearly identify the critical structures of the Fon-
tan circuit by scoring 5/5 as opposed to 27% of the mono-
phasic CTAs (Table 3). While the inter-observer variability
for the scoring system was not significant (p =0.71), some
structures received differing scores by the two reviewers that
resulted in an average that included partial numbers. This
unfortunately limited the ability to perform formal statistics
on the individual structures evaluated.

There were three patients who had a biphasic CTA per-
formed due to the diagnosis of thromboembolic disease on a
prior monophasic CTA, one of which had been performed at
an outside institution. Two of these three patients’ diagnoses
were reversed based on follow-up biphasic CTAs. One of
the two patients whose diagnosis was reversed presented
to clinic with a 9-day history of chest pain and shortness of
breath brought on by stress at work. An outpatient, mono-
phasic CTA was obtained that was concerning for a Fontan
thrombus due to suboptimal opacification of the central left
pulmonary artery while there was good opacification of the
distal left pulmonary artery (Fig. 1a, b). The other patient
whose diagnosis was reversed had a history of chronic myco-
bacterium avium-intracellulare with associated chronic hem-
optysis. This patient presented to an outside hospital with a
more severe episode of hemoptysis. As part of the evalua-
tion, a monophasic CTA was obtained that was reported to
be concerning for “complete occlusion of the stent extending
from the inferior vena cava to the pulmonary artery outflow
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Table 3 CTA results Monophasic CT Biphasic CT (n=16) p value
(n=30)
Diagnostic capable CT, n (%) 8 (27) 10 (62.5) 0.027
Thrombus observed, n (%) 5(16.7) 1(6) 0.65
Lateral tunnel 2 (40) 0@
Extracardiac 3 (60) 1 (100)
Thrombus later ruled out, n (%) 2 (40) 0(0) -
Lateral tunnel 2 N/A
Extracardiac 0 N/A
Inappropriate anticoagulation, n (%) 1 (20) 0(0) -

tract.” The third patient was admitted to the hospital with
plastic bronchitis awaiting heart transplantation while on
room air. They developed poor perfusion with associated
emesis and acute worsening of their ventricular function
on echocardiogram that ultimately led to respiratory failure
requiring intubation. On chest X-ray, there were findings
consistent with pneumonia in the right lower lobe. How-
ever, there were persistent abnormalities on follow-up chest
X-rays that could be attributed to a thromboembolic etiology
as opposed to a right lower lobe pneumonia. Therefore, a
monophasic CTA was obtained to evaluate for thromboem-
bolic disease. On this CTA, there was concern for Fontan
thrombus due to a filling defect in the distal right pulmonary
artery and the branches to the right lower lobe. In addition
to the filling defect, there was evidence of pulmonary infarc-
tion due to a triangular parenchymal opacity that abutted the
pleural margin with internal air bronchograms peripheral to
the branches of this right lower lobe pulmonary artery. This
clinical presentation was felt to be consistent with Fontan
thromboembolic disease and the patient was treated with
anticoagulation. This patient’s follow-up biphasic CTA was
performed one week after the initial monophasic CTA and
its negative finding was attributed to anticoagulation treat-
ment. There was one patient with Fontan circuit thrombus
noted on a monophasic CTA, whose diagnosis was reversed
based on follow-up cardiac MRI. This patient presented to
the emergency department, while pregnant at 32 weeks of
gestational age, with sharp sternal chest pain. The mono-
phasic CTA that was obtained was unable to rule out throm-
boembolic disease due to streaming of contrast. Therefore,
of the 5 positive monophasic CTAs, two were subsequently
found to be falsely positive (Table 3).

One patient was diagnosed with a Fontan thrombus by
a biphasic CTA due to a contrast filling defect in the left
lower lobar pulmonary artery. In addition to the contrast fill-
ing defect noted on the CTA, the presence of heterogeneous
lung attenuation and ground glass opacity in the left lower
lobe also supported the diagnosis of a pulmonary embolism.
The CTA was obtained due to clinical symptoms of acute
onset of chest tightness and shortness of breath. As such,

there were no patients diagnosed with Fontan thrombus on
a biphasic CTA, whose diagnosis was later reversed.

Discussion

As the population of patients having had a Fontan operation
increases, the frequency of Fontan patients presenting with
emergent or urgent symptoms concerning for thromboem-
bolic disease will continue to rise. For centers without ready
access to cardiac MRI or TEE or for those centers that pre-
fer CTA as their primary diagnostic option for this disease,
the need for an optimal diagnostic CTA protocol is impera-
tive. The Fontan operation creates complex pulmonary flow
dynamics resulting in streaming effects that alter the ability
for a traditional monophasic CTA PE protocol to accurately
diagnose Fontan thromboembolic disease [6, 7].

There have been multiple published iterations to the tra-
ditional monophasic CTA PE protocol that seeks to improve
the ability to diagnose thromboembolic disease in Fontan
patients [15, 16]. One iteration utilizes a single site for con-
trast injection with a delayed phase of acquisition. In our
institution’s experience, utilizing this single, delayed acqui-
sition leads to poor filling of the distal branch pulmonary
arteries. Other iterations also involve a single acquisition
but include two sites for contrast injection. However, utiliz-
ing a second site for contrast injection increases the time
involved in obtaining the study as well as the patient’s risk
for complications and discomfort associated with the need
for a second IV. In order to avoid the need for a second
IV, our institutional CTA Fontan protocol includes a second
acquisition. The initial acquisition is obtained at a time that
contrast has filled the distal branch pulmonary arteries while
the second evaluates the proximal Fontan circuit by giving
the contrast enough time for passive venous return.

In this study, we compared monophasic versus biphasic
CTA protocols’ abilities to identify anatomical structures
that are critical for evaluating thromboembolic disease in
the Fontan circuit. Of the CTA scans using a biphasic pro-
tocol, 62.5% (10/16) were considered capable to clearly
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Table 4 Structures identified on either monophasic or biphasic CTAs

SVCseen IVC seen Fontan RPA seen LPA seen

(%) (%) conduit (%) (%)
seen (%)
Mono- 82 33 35 72 58
phasic
average
Biphasic 94 72 69 78 78
average

identify the critical structures of the Fontan circuit vs 27%
(8/30) of the CTA scans using a monophasic protocol (p
value =0.027). Of the critical structures evaluated, using
monophasic CTAs has given us the most difficulty evaluat-
ing the IVC, Fontan, and LPA (Table 4). With 70% of mono-
phasic CTAs in our study utilizing a right upper extremity
IV for contrast injection, these structures would be expected
to be the least adequately filled as the typical streaming of
contrast from the SVC is preferentially directed into the RPA
due to the angle of anastomosis at the time of the Glenn pro-
cedure. Monophasic CTAs also led to three patients being
inappropriately diagnosed with a thrombus in their Fontan
circuit, two of which received inappropriate anticoagulation
based on a flawed diagnosis. There were no biphasic CTAs
that inappropriately diagnosed patients with a thrombus in
their Fontan circuit.

We compared two of our institutional CTA protocols’
capability to clearly identify anatomical structures that are
critical for evaluating Fontan circuit thromboembolic dis-
ease. There are limitations to this study. This being a retro-
spective study we lacked the ability to test each protocols
detection accuracy for thromboembolic disease against other
CTA protocols or other imaging modalities for a majority of
the patients in the study. Also, there currently is no agreed
upon gold standard for evaluating thromboembolic disease
in the Fontan circuit. Furthermore, if we did wish to com-
pare serial studies with the data available, of the 46 CTAs,
only six had follow-up imaging (CTA, cardiac MRI, or car-
diac catheterization) where one could try to correlate the
findings with the previous CTA knowing in these cases these
follow-up imaging studies were performed at later dates
which introduces a number of other complicating factors
into the analysis. Finally, the biphasic CTA requires a second
acquisition which involves doubling the radiation exposure
to the patient, which should be considered.

Overall our results suggest that the single-site biphasic
CTA protocol has greater diagnostic capability to detect the
presence of Fontan thromboembolic disease when compared
to the more traditional monophasic CTA protocol. Future
prospective studies are needed to confirm these findings.
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