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Abstract
Background: Stenosis of the venous connections and conduits is a well‐known late
complication of the Fontan procedure. Currently, data on the outcomes of percuta‐
neous intervention for the treatment of extra‐ or intracardiac conduits and lateral
tunnel baffles obstruction are limited. In an attempt to better define the nature and
severity of the stenosis and the results of catheter interventional management, we
reviewed Fontan patients with obstructed extra‐ or intracardiac conduits and lateral
tunnel baffles.
Methods: Retrospective review of all Fontan patients who had cardiac catheteriza‐
tion from January 2002 to October 2018 was performed. Hemodynamic and angio‐
graphic data that assessed extra‐ or intracardiac conduit, or lateral tunnel baffle
obstruction/stenosis were evaluated.
Results: Twenty patients underwent catheter intervention because of conduit steno‐
sis, including calcified homografts, stenotic Gore‐Tex conduits and obstructed lateral
tunnels. Six other patients had Fontan obstruction but were referred for surgical revi‐
sion. After stenting, there was a significant reduction in the connection gradient [2.0
mm Hg (IQR 2; 3) vs 0 mm Hg (IQR 0; 1), P < .0001]. Fontan conduit/connection di‐
ameter increased [10.5 mm (IQR 9; 12) vs 18 mm (IQR 14.9; 18); P < .0001] and New
York Heart Association class [III (IQR II; III) vs I (IQR II; III); P = .03) with stent
placement.
Conclusions: We demonstrated the hemodynamics and angiographic subtypes of
conduit stenosis in patients after Fontan, We showed that calcified homografts, sten‐
otic Gore‐Tex conduits and lateral tunnels pathways can be safely and effectively
stented to eliminate obstruction. Percutaneous stenting is associated with a decrease
in connection gradients and improvement in functional capacity.
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1 | I NTRO D U C TI O N

cava (SVC) stenosis, pulmonary artery balloon dilation/stenting, or

Since Fontan and Baudet originally described the Fontan palliation

One patient who had had Fontan procedure and previously under‐

atriopulmonary/right ventricle connection stenosis were excluded.
of tricuspid atresia in 1971,1 there have been many modifications to

gone catheterization at our institution but underwent stenting by

the operation. With the concept of conservation of energy, de Leval

one of authors (D.J.H.) elsewhere was also included in the analy‐

et al2 confirmed the best model to be of the total cavopulmonary

ses. We identified 28 patients with obstruction of the Fontan IVC

connection, utilizing either the lateral tunnel or eventually the intra‐

conduit. Two patients who had not provided research authorization
were excluded. The final cohort included 26 patients, 6 of these

or extracardiac conduit (ECC).
The lateral tunnel is not commonly performed because of in‐

patients were referred to surgery for conduit revision because of

creased incidence of arrhythmia, and one report3 noted a signifi‐

other surgical indications. The purpose of this report was to review

cant incidence of lateral tunnel stenosis. However, the fate of ECC

the hemodynamic findings and interventional treatment of 20 pa‐

has not been clearly defined in long‐term studies. Most postoper‐

tients with intracardiac or extracardiac conduit or lateral tunnel

ative studies have focused primarily on mortality or the need for

stenosis.

early reoperation. Several studies evaluated modification of the

Clinical, hemodynamic, and angiographic data were reviewed.

orientation and placement of the ECC to maximize energy con‐

Patients were indexed by the first catheterization in which a stent

servation and provide equal bilateral pulmonary artery flow dis‐

was implanted into the stenotic Fontan connection or conduit.

tribution. They reported an optimal size for the ECC of 18‐20 mm

Angiographic and hemodynamic assessments were made prior to

diameter based on flow dynamics during catheterization. There are

the decision for catheter intervention. Angiographic descriptions

4

concerns that in patients younger than 3 years old, the use a large

and measurements were obtained from the operator’s observations

Often

during the procedure and/or from prior radiologic computerized to‐

a 14, 16, or 18 mm conduit has been used for repair. One study

mography (CT) or magnet resonance imaging (MRI) data. When pos‐

bore (18 mm) conduit will not fit small patient vasculature.

5,6

reported a high incidence of Dacron conduit stenosis for ECC in

sible, measurements were obtained from the anterior‐posterior and

Fontan patients.7 Another report described stenting of Dacron ECC

lateral angiographic projections. The minimum stenotic dimensions

noting the morphology of different stenoses. 8 They reported thick

were recorded and the type and location and apparent mechanism

neo‐intima in Dacron grafts. Because of the significant incidence

of the stenosis defined. One or more stents were deployed using

of neointimal peel, Dacron grafts have been abandoned. Improved

standard techniques. Palmaz XL, Palmaz Genesis XD stents (Cordis

results have been reported with the routine use of Gore‐Tex tubes

Endovascular), Intrastent Max LD stents (Medtronic, Minneapolis,

(W. L. Gore and Associate Inc., Flagstaff, Arizona) usually of 18 or

Minnesota) or Covered CP stents (Numed, Hopkinton, New York)

20 mm diameter.

were used depending upon the operator’s preference. The length of

8

Recently long‐term Fontan follow‐up reports have noted chronic

the stenosis determined the length of the stent and the number of

liver failure and cirrhosis as progressive events in Fontan survivors.9

stents deployed. In some cases, multiple dilations were performed or

While pulmonary artery (PA) hypoplasia and stenosis have been rec‐

high pressure (Atlas Bard Peripheral Vascular, Inc., Tempe, Arizona)

ognized and treated in postoperative Fontan patients, the long‐term

dilation balloons were employed to satisfactorily dilate resistant ste‐

fate of the inferior vena cava (IVC) conduit itself is often overlooked.

noses. The minimum final stent diameters were then recorded after

Several studies have noted the occurrence of conduit stenosis re‐

final stent redilation.

10

quiring surgical conversion,

but the mechanism of the conduit fail‐

ure has not been accurately investigated.

Demographic, clinical, and surgical data, as well as follow‐up
information were obtained from the medical records. The type of

Late results in 1138 Fontan patients at the Mayo Clinic were

Fontan connection and the material utilized for the surgical repair

recently reviewed.11 We wished to focus on Fontan patients sent

were identified. Adverse events during or after the catheterization

to the cardiac catheterization laboratory to define postoperative

procedure were recorded. New York Heart Association (NYHA)

hemodynamics and to define potential etiologies for Fontan fail‐

classification was determined before and at follow‐up after stent

ure. The aim of this report is to define the hemodynamics and

implantation.

mechanisms of IVC conduit obstruction and describe successful

Continuous variables are presented as median and interquar‐

treatment of Fontan conduit obstruction with intravascular stent

tile ranges (25th, 75th percentile) unless stated otherwise; nominal

placement.

variables are presented as counts (%). Groups were compared using
the Fisher’s exact test. Pre‐ and poststenting variables were com‐

2 | M E TH O DS

pared by paired analysis using the Wilcoxon signed‐rank test or the
McNemar’s test for continuous and nominal variables, respectively.
Analyses were performed with JMP software (version 13.0; SAS

We reviewed 233 patients after Fontan who had diagnostic car‐

Institute Inc, Cary, North Carolina) and a P value < .05 considered

diac catheterization at Mayo Clinic, Rochester, Minnesota between

statistically significant. The study was approved by the Mayo Clinic

January 2002 and October 2018. Patients who had superior vena

Institutional Review Board.

|
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3 | R E S U LT S

14 ATM. High pressure balloon dilation was necessary in both calci‐

Twenty patients with Fontan conduit obstruction had percutaneous

examples of focal stenosis of calcified homograft conduits which

intervention and stenting. The intervention occurred after a median

appear to be secondary to patient growth and stretch at the end of

of 13 years (7.6; 19) after Fontan palliation. Thirteen (65%) patients

the conduit. The stenosis was effectively relieved with placement

fied homografts and the Gore‐Tex conduits. Figure 6 illustrates two

had undergone Fontan operation at Mayo Clinic; seven patients had

of covered CP stents. Figure 7 illustrates the statistically significant

had their Fontan completion performed elsewhere. Two patients

increase in Fontan conduit or connection diameters with percutane‐

had surgical intervention for conduit replacement after the catheter

ous stent placement [10.5 mm (IQR 9; 12) prestenting vs 18 mm (IQR

stent intervention. The demographic and clinical data of the 20 pa‐

14.9; 18) poststenting; P < .0001].

tients are included in Table 1.

3.1 | Hemodynamics

3.3 | Adverse events and follow‐up in patients
undergoing percutaneous intervention

The catheterization hemodynamics varied based on age after

There were no serious adverse events noted in any of the patients

Fontan completion, severity of stenosis and presenting symptoms.

who underwent catheter intervention. There were two patients

Overall hemodynamic data are presented in Table 1 and the de‐

who had a small extravasation of contrast after stent placement in

tails of hemodynamics and stenting in each patient are outlined in
Table 2. Mean Fontan conduit pressure >15 mm Hg was present in
44% adults (age ≥18) and 30% of the pediatric patients. Moreover,

TA B L E 1 Demographic, clinical, and hemodynamic data in 20
patients undergoing catheter intervention and stent placement

older patients with significant associated symptoms of edema and
protein‐losing enteropathy (PLE) uniformly had elevated Fontan
pressures. There was a significant reduction in the connection

n
Age at catheterization, years

20

17 (11.5; 26)

gradient from a prestent median gradient of 2 mm Hg (2; 3) to a

Age at Fontan palliation, years

20

4 (2; 6.7)

poststent median gradient of 0 mm Hg (0; 1), P < .0001.

Sex, male

20

17 (85%)

Weight at catheterization, kg

20

59 (42.5; 72)

Height at catheterization, cm

20

168.5 (149.8;
176.5)
1.6 (1.3; 1.9)

3.2 | Stenting
Various bare metal stents were utilized for enlargement of the ste‐

Body surface area, m2

20

nosis in 15 of the cases with a final diameter of 14‐20 mm. covered

Fontan connection

20

Cheatham Platinum stent was placed in six patients. In one patient

Extracardiac homograft

10 (50%)

with a lateral tunnel Fontan (Figure 1), a covered stent was used to

Extracardiac Gore‐Tex

6 (30%)

avoid risk for development of right to left shunt and in the remain‐

Intraatrial conduit Gore‐Tex

1 (5%)

ing patients it was used to protect against disruption of a calcified,

Lateral tunnel

3 (15%)

stenotic homograft. In six patients, multiple stents were implanted at
the same intervention (Figures 2, 4, and 5). Two patients had implan‐
tation of a second stent at a later catheterization, and three patients
had subsequent redilation of a previous stent.
Homograft conduits were found to have diffuse calcification in
addition to severe stenosis at the IVC or pulmonary artery ends of
the conduit. Figure 3 illustrates diffuse calcific (13 mm) stenosis of a
20‐mm homograft conduit placed 20 years earlier. Two 4010 Palmaz
stents dilated the conduit successfully to 18 mm. Figure 4 illustrates

Clinical status
Protein‐losing enteropathy

20

3 (15%)

Cyanosis

20

8 (40%)

Edema

20

4 (20%)

Fatigue

20

13 (65%)

Cirrhosis

20

11 (55%)

NYHA

20

3 (2; 3)

Baseline catheterization data

diffuse central stenosis of a 14‐mm Gore‐Tex ECC originally placed at

Fontan pressure, mm Hg

19

14 (12; 17)

age 2 years. Sixteen years later the conduit is stretched causing diffuse

Gradient, mm Hg

19

2 (2; 3)

narrowed to 12 mm. After placement of two 4010 Palmaz stents, with

Pulmonary artery wedge pressure, mm Hg

17

9 (6.5; 11)

high pressure balloon dilation to 18 mm, the final conduit diameter av‐

Ventricular end‐diastolic pressure, mm Hg

14

10 (7; 11.3)

Cardiac index, L/min/m2

18

3 (2.5; 3.8)

Arterial O2 saturation, %

19

93 (89; 94)

19

15 (13; 17)

eraged 17 mm. One other patient had successful dilation of a Gore‐Tex
conduit from 3 to 14 mm with improvement of PLE symptoms.
Figure 5 illustrates findings in a 23‐year‐old patient with diffuse,
proximal, and distal stenosis of an 18‐mm Gore‐Tex ECC with steno‐
sis of 10‐12 mm. The entire conduit was stented with three 36‐mm
long bare metal stents placed with an 18 mm BIB balloon. The stents
were then further dilated to 19‐mm with a 20‐mm Atlas balloon at

Poststenting catheterization data
Fontan pressure, mm Hg
Gradient, mm Hg
Follow‐up NYHA

19

0 (0; 1)

19

2 (2; 3)

9

3

18

13

4

31

7

8

9

10

2

2

5

2

4

15

23

27

18

26

16

11

16

13

14

15

16

17

18

19

20

ECC homograft

ECC Gore‐Tex

ECC homograft

ECC homograft

ECC homograft

ECC Gore‐Tex

ECC Gore‐Tex

Intraatrial
Gore‐Tex

ECC Gore‐Tex

Lateral tunnel

Intraatrial
conduit

ECC homograft

ECC homograft

ECC Gore‐Tex

ECC homograft

ECC homograft

Lateral tunnel

Lateral tunnel

ECC Gore‐Tex

ECC homograft

Fontan type

Central

IVC

PA

IVC

Multiple

Diffuse

Central

Diffuse

Central

Diffuse

PA

PA

Diffuse

Diffuse

PA

Central

IVC

PA

PA

Stenosis

Cyanosis, fatigue

Fatigue

Fatigue, cirrhosis

Fatigue, cirrhosis

Cyanosis, fatigue

Fatigue

Fatigue, hepatic
congestion

Cyanosis, fatigue, hepatic
congestion

Fatigue, edema, PLE,
cirrhosis

Cyanosis

Cirrhosis

Fatigue

Cyanosis, fatigue, PLE,
cirrhosis

Cyanosis, fatigue, edema,
PLE, cirrhosis

Cirrhosis

Fatigue

Cirrhosis

Cyanosis, fatigue,
cirrhosis

Edema, cirrhosis

Cyanosis, fatigue

Symptoms/comorbidities

12

14

19

10

7

14

14

12

26

17

16

13

13

28

12

13

NA

16

26

12

IVC pressure

11

NA

11

NA

NA

NA

14

9

10

12

7

7

24

7

10

NA

8

16

7

VEDP

2

2

2

2

7

3

5

1

6

2

2

2

2

3

2

1

NA

2

4

0

Gradient pre

0

1

0

0

1

0

2

0

1

2

0

0

0

0

1

0

NA

0

1

1

Gradient
post

18

18

18

22

19

20

18

16

20

NA

NA

17

20

14

20

20

NA

NA

24

20

Conduit sizea

9

12

9.5

7

15

12

12

10

3

10

10.5

8

9

11

13

8

14

14

12

NA

Size pre

18

18

15

20

18

19

19

14.8

14

18

13.5

14

14

17

18

16

18

18

20

15

Size post

No

Yes

No

No

Yes

No

No

No

Yes

No

No

Yes

No

No

No

Yes

No

Yes

No

Yes

Post NYHA
improve‐
mentb

|

Note:. Pressure recordings measured in mm Hg, whereas conduit size represents measurements in mm.
Abbreviations: ECC, extracardiac conduit; IVC, inferior vena cava; NA, not available; PA, pulmonary artery; PLE, protein‐losing enteropathy.
a
Original conduit size at time of Fontan procedure.
b
Decrease in New York Heart Association (NYHA) class at follow‐up.

2

11

15

5

12

15

21

11

12

2

4

2

4

9.5

24

4

5

26

4

7

5.9

3

Age at
Fontan

Clinical, anatomic, and hemodynamic data for each individual undergoing stenting for Fontan obstruction

6

6

32

2

6

1

3

Age

#

TA B L E 2
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F I G U R E 1 A, Shows lateral tunnel stenosis in a 26‐year‐old male with cirrhosis. The narrowing is approximately 13 mm in diameter. B,
Illustrates the same lateral tunnel after placement of a 35‐cm length covered Cheatham Platinum stent. The final diameter is approximately
18 mm in diameter
a calcified homograft which fracture upon dilation. The small area

had clinically documented PLE, in two of these patients PLE im‐

of extravasation and fracture was covered with an addition covered

proved after conduit stenting, and they have had no further cardiac

CP stent. As observed in Figure 6, the final stented homograft was

intervention. Two other patients had persistent PLE and underwent

widely patent and free of residual extravasation of contrast. There

cardiac transplantation.

was no evidence of compression of other nearby cardiac or extra‐
cardiac structures.
Follow‐up >30 days postprocedure was available for 19 patients.

4 | D I S CU S S I O N

During a median follow‐up of 1099 days [220; 3093], median NYHA
decreased from III (II; III) to II (II; III), P = .03. NYHA class improved

Compared to previous reports concerning Fontan connection or

in 6 patients and was unchanged in the remaining patients; postpro‐

conduit stenosis, this single‐center report has focused on a select

cedurally, the prevalence of NYHA class ≥3 decreased from 70% to

group of patients with conduit or lateral tunnel obstruction. As

47% (P = .025).

noted in previous reports, internal obstruction in fabric ECC would

Eleven patients experienced sustained improvement in func‐

not be amenable to improvement with stent placement except in

tional capacity poststenting and did not require additional cardiac

the instance of a dislodged obstructive internal peel. With the rec‐

surgeries or transplantation during follow‐up. One patient had minor

ognition of conduit stenosis secondary to progressive calcification

redilation of a covered CP stent 6 years after initial implantation. It

of homograft conduits and internal obstruction of fabric (Dacron)

is noteworthy that Improvement in NYHA was seen in 63% of pa‐

tubes, the current mode of Fontan completion utilizes Gore‐Tex

tients with baseline ventricular end‐diastolic pressure ≤10 mm Hg

conduits. However, this study does illustrate that calcified homo‐

compared to none of those with baseline ventricular end‐diastolic

graft conduit obstruction can be effectively stented and dilated to

pressure >10 mm Hg (P = .03), suggesting that patients with signif‐

resolve IVC Fontan conduit obstruction. To the best of our knowl‐

icant elevation of VEDP were more likely to experience continued

edge, this is the first study to systematically assess and demonstrate

Fontan failure.

that Gore‐Tex ECC conduits can be effectively dilated and stented.

Among those without symptomatic improvement, two patients

In addition, a unique aspect of our review compared to previous

had surgical revision of the Fontan with an extracardiac Gore‐Tex

studies focusing on stenting of Fontan conduit obstruction is that

conduit because of persistent nonspecific symptoms. Two patients

most of the patients were considerably older and were found to have

died during follow‐up. One had severe left ventricular dysfunction

significant obstruction many years after the initial Fontan procedure

while on left ventricular assist device support and the other died

(median 12 years).

after heart and liver transplantation of metastatic hepatocellular

Several of the older patients in this study were sent to catheter‐

carcinoma in the setting of hepatitis C and PLE. Four other patients

ization for evaluation of hepatic cirrhosis and had not been previously

576
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F I G U R E 2 A, B, Show anteroposterior and lateral images of a Gore‐Tex intracardiac conduit in a 31‐year‐old female patient with history
of mitral atresia and presenting with congestive hepatopathy. The conduit is diffusely narrowed by most severely distally at 10‐11 mm. Also
a previously placed occlusive device produces stenosis. C, Illustrates the significant conduit enlargement after placement of two 26 mm eV3
stents with an increase in size to 13.5 mm

recognized to have conduit obstruction. While these patients expe‐

conduits preferable 20 mm or more would seem an attractive option

rienced effective dilation and stenting of their obstructed conduit,

in an attempt to reduce the risk of progressive hepatic fibrosis.

the long‐term benefit for reduction in hepatic congestion and cirrho‐

In view of the recognized risk for conduit obstruction, it there‐

sis warrant further investigation. Logically one would anticipate that

fore seems imperative that all Fontan patients have early and serial

earlier and the most complete elimination of obstruction and reduc‐

assessment for possible conduit obstruction with CT, MRI imaging

tion of IVC pressure, and therefore, hepatic congestion would be the

or cardiac angiography. Despite the more widespread use of CT and

most beneficial for reducing the progression of hepatic fibrosis and

MRI to assess severity of hepatic fibrosis, CT and MRI had not been

dysfunction. Indeed based on these findings and previous studies,

effectively utilized to improve the recognition of associated Fontan

replacement of such conduits in these patients with larger Gore‐Tex

conduit stenosis, Only 14 patients in our cohort had CT or MR which

HAGLER et al.
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F I G U R E 3 A, Illustrates the calcific diffuse stenosis of a homograft conduit in a 24‐year‐old male. The 20‐mm homograft is now 13 mm in
diameter. B, After placement of two 40 mm Palmaz stents the conduit is increased to 18 mm in diameter

F I G U R E 4 Panel A illustrates a long diffusely narrowed Gore‐Tex ECC in an 18‐year‐old male with pulmonary atresia with intact
ventricular septum. The conduit was 14 mm when placed 16 years earlier. B, Illustrates the enlargement of the Gore‐Tex conduit to 16‐17
mm after placement of two 4010 Palmaz stents

with careful review defined some conduit obstruction. In addition,

Based on this observation we suggest that earlier and more frequent

standard transthoracic echocardiography had failed to adequate de‐

assessment of Fontan patients should be obtained either by careful

fine conduit obstruction. Six of the patients were sent for cardiac

cross‐sectional imaging or cardiac catheterization and angiography

catheterization without previous CT or MRI evaluation. Five of the

in order to assess atrial and pulmonary artery pressures and to de‐

six were catheterized for assessment of hepatic cirrhosis with no

fine possible stenotic conduits. Our data suggest that particularly

previous recognition of possible stenosis of their Fontan connection.

those patients being evaluated for hepatic congestion and fibrosis/

578

|

HAGLER et al.

F I G U R E 5 Anteriopostior (A) and lateral images (B) of an 18 mm Gore‐Tex conduit initially placed in a 3‐year‐old o male Fontan patient.
At 23 years of age, severe stenoses to 11‐14 mm are present. The central conduit is also narrowed to 15 mm. The entire conduit was stented
with 3 eV3 36 mm stents and dilated to 20 mm. The final stent diameter in the lower panels (C, D) is 19 mm

cirrhosis should have hemodynamic and angiographic assessment to
rule out conduit obstruction.
At a minimum, we would suggest follow up catheterization and

to effectively relieve the obstruction. In our opinion, a minimum con‐
duit diameter of 18‐20 mm should be the goal of dilation to effec‐
tively relieve IVC/hepatic obstruction.

angiography every 10 years to better recognize and define the pro‐

Figure 6 illustrates a more focal stenosis at the IVC connection

gressive stenosis of the calcified homografts. We noted progres‐

of a uniformly calcified homograft. This type of obstruction seems to

sive hepatic cirrhosis, ascites, PLE described in older patients who

be a stretch phenomenon producing stenosis at the end of the fixed

did not have earlier conduit assessment. As observed in Figure 3,

conduit as the patient grows. This was effectively relieved by placing

some patients with calcified homografts developed diffuse stenosis

a 34 mm long covered CP stent at the IVC stenosis. This relief per‐

throughout the homograft and required multiple stents and dilation

sisted for 6 years when it was redilated from 16 to 17 mm. Figure 6

|
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F I G U R E 6 Anteroposterior (A) projection illustrating a 9.4 mm stenosis at the IVC anastomosis of an originally 18 mm homograft conduit.
This was effectively dilated to 18 mm with a 34 mm covered CP stent (B). (C) Angiogram obtained in a 26‐year‐old patient with cirrhosis
illustrates a severe focal stenosis at the PA anastomosis of a calcified 22 mm homograft conduit originally placed 21 years previously. It is
also diffusely narrowed. It was dilated to 20 mm with a 55 mm long covered CP stent

also illustrated a similar severe focal stenosis at the pulmonary ar‐

We noted that there was a higher prevalence of male subjects

tery connection of a diffusely narrowed calcified homograft which

who had conduit obstruction requiring stent placement. Although,

was originally 22 mm. This patient was not evaluated until 21 years

this may partially related to male preponderance in our Fontan pop‐

later and had clinical evidence of cirrhosis. This stenosis was relieved

ulation, this number is higher than previously report in the Mayo

by placing a 55 mm covered CP stent dilated to 20 mm. Although

Clinic cohort (61% males). Male predominance was also present in

some calcified homografts were stented with bare metal stents we

the Boston study describe the outcomes of stenting in lateral tun‐

would recommend the used of the covered CP stent to avoid poten‐

nels.3 Whether male patients are more prone to developing Fontan

tial conduit disruption with high pressure dilations.

obstruction deserves further investigation.
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We present our findings in a group of Fontan patients who had
obstruction of their Fontan IVC to PA pathway. Our results dem‐
onstrate that stenting of stenotic Fontan conduits can be safely
performed, eliminating conduit obstruction of both calcified homo‐
graft and stenotic Gore‐Tex ECC. While not all stents were fully
dilated to 18‐20 mm, we would expect that 18‐20 mm conduits
should be the goal of such procedures in most cases. In some cases,
use of a covered stent may be advantageous to avoid potential risk
for conduit disruption particularly with the calcified homograft
conduit. Earlier recognition of high atrial pressures or minor de‐
grees of ECC conduit obstruction may halt progression of hepatic
fibrosis and cirrhosis. Lastly, by demonstrating that conduit ob‐
struction can occur with time and growth in any Fontan conduit,
F I G U R E 7 Changes in Fontan IVC pathway diameter pre‐ and
poststenting
This study also illustrates the significant occurrence of progres‐
sive obstruction of the Gore‐Tex ECC by a mechanism that becomes
obvious when Fontan patients are evaluated 10‐15 years after ECC
placement. Patients at 2 years of age have a relatively short 18‐20
mm conduit implanted at Fontan completion in order to avoid com‐
pression of other structures. Fifteen years later that same conduit
has become significantly stretched with diffuse narrowing (Figure 4)
or as observed in the homograft the development of stenosis at the
proximal or distal anastomosis (Figure 5). Thus, it is not surprising to
find that the 18 mm Gore‐Tex ECC later is only 12 or 14 mm in di‐
ameter. We did not observe evidence of thrombosis of the Gore‐Tex
conduit. W. L. Gore laboratories now report the availability of new
Gore‐Tex12 Stretch conduits 14‐24 mm in diameter and up to 40 cm
in length which will stretch while retaining its original internal diam‐

we hope to emphasize earlier and repeated assessment of conduit
adequacy and patency.
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eter. This would appear to offer a significant advantage in the future
for Fontan ECCs. However, we feel strongly that even Gore‐Tex con‐
duits should be reassessed for conduit obstruction at least 10 years
after implantation and periodically thereafter.

ORCID
Donald J. Hagler

https://orcid.org/0000-0002-0331-3294

In summary, in this study we have observed that severely nar‐
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rowed and stretched Gore‐Tex tubes can be effectively stented to

Nathaniel W. Taggart

https://orcid.org/0000-0002-7424-8207

dilate them back to their original 18‐20 mm dimensions. While mul‐
tiple, heavy duty stents and high pressure dilation may be necessary
to achieve these results, they seem safe and effective as observed
in our patients.

4.1 | Limitations
This study is limited by the small cohort of patients who had stent‐
ing of their Fontan IVC conduits. Multicenter studies and reports
may help to corroborate our observations. The sample size limited
our ability to perform additional statistical analyses and regression
analyses to predict stenosis. It is particularly noted that many Fontan
patients have been lost to effective follow up or have not had an as‐
sessment of their IVC conduit.
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