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TECHNIQUE

Surgical preconditioning and completion of total
cavopulmonary connection by interventional
cardiac catheterisation: a new concept

Gerd Hausdorf, Martin Schneider, Wolfgang Konertz

Abstract
A new, staged procedure for univentricu-
lar repair of "high risk" patients using a
combined surgical transcatheter tech-
nique is reported. As first step a surgical
hemifontan procedure was performed
and a multifenestrated patch inserted into
the right atrium. For later transcatheter
completion of univentricular repair, a
subtotal banding just above the cavo-
atrial junction was performed. Two
months later transcatheter completion
was performed by balloon dilatation of
the banded cavo-atrial junction and addi-
tionally either by inserting a covered stent
as intracardiac conduit between the supe-
rior and inferior vena cava or by inserting
a (non-covered) stent into the cavo-atrial
junction and occluding the fenestrations
in the right atrial patch using Rashkind-
PDA occluders. This new technique was
successfully applied without mortality in
eight patients with a preoperative mean
pulmonary pressure of 18 to 23 mm Hg.
No complications typical for Fontan-like
corrections occurred within the follow up
period of 4 to 14 months.
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Univentricular repair (Fontan procedure, total
cavopulmonary connection) is an established
treatment for patients with only one function-
ing ventricle. However, the hazard of this pro-
cedure is still high, depending on ventricular
function, the size of the pulmonary arteries,
and pulmonary resistance.' 2 The risk of post-
surgical death and morbidity has been reduced
by fenestrating the baffle between the systemic
and pulmonary venous atria, resulting in lower
pressures in the superior and inferior vena

cava as well as in the right atrium.3-5 For
"high-risk" patients, a staged univentricular
repair has been proposed,6-8 which consists of
a hemifontan procedure as the first stage, dur-
ing which a surgical anastomosis between the
superior vena cava and the (right) pulmonary
artery is created. As the second stage, total

cavopulmonary connection and thereby com-
pletion of univentricular repair is achieved by
use of an intracardiac or extracardiac conduit
between the inferior vena cava and the
pulmonary artery. To reduce the number of
operations required to achieve staged univen-
tricular repair and to broaden this therapeutic
approach, we combined surgical with inter-
ventional techniques to perform staged, total
cavopulmonary connection. As the first stage,
a modified surgical hemifontan procedure is
performed, which prepares the patient for sub-
sequent transcatheter completion of univen-
tricular repair. Completion of total
cavopulmonary connection is achieved by
transcatheter techniques, eliminating the need
for repeated cardiac surgery.

Methods
PATIENTS
In eight patients (age 2-13 years) with
increased risk for univentricular repair (mean
pulmonary pressure 18 mm Hg or higher, dis-
tortion or stenosis of the pulmonary arteries) a
two stage univentricular repair combining sur-
gical preconditioning and interventional com-
pletion was attempted.' 2 The individual
patient data are summarised in table 1.

PROCEDURE
First stage
As the first stage a modified hemifontan opera-
tion was performed. The superior vena cava
was surgically anastomosed with the right pul-
monary artery, while the main pulmonary
artery-and when required an aortopulmonary
shunt-were ligated. A subtotal banding of the
communication between the superior vena
cava and the right atrium was performed over a
16 gauge catheter using 6-0 prolene, so that a
minimal communication between the right
atrium and the pulmonary artery was main-
tained for later transcatheter completion. 6-0
Prolene was chosen to perform the banding, as
this is easily ruptured during balloon dilata-
tion. Additionally a multiperforated Gore-tex
baffle with three to seven perforations 5 mm in
diameter was inserted laterally into the right
atrium.

Second stage
Two months later the second stage or "trans-
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Table 1 Preoperative data

Age Weight pPA Pulmonary
Patient (years) (kg) Diagnosis (mm Hg) vessels

1 6 16 DILV, 23 -
1-MGA, PS

2 5 13 Tricuspid atresia, 20
PA banding

3 6 17 Tricuspid atresia 19 Distortion
d-MGA, PS, of RPA
Waterston shunt after

Waterston
shunt

4 7 17 Tricuspit atresia 18 Distortion
PS, of RPA
Waterston shunt after

Waterston
shunt

5 3 10 Tricuspid atresia 22 Distortion
PA banding after

PA-banding
6 13 33 Criss cross 20 RPA

1-MGA, PS, VSD, stenosis
hypoplastic RV, Ao-PA
BT shunt collaterals

7 2 8 Hypoplastic TV, 18 Hypoplastic
hypoplastic RV, PA vessels
pulmonary atresia, VSD,
BT shunt

8 2 12 d-transposition, 18 MAPCAs
swiss cheese VSD
valvar and subvalvar
PS

Age, age at surgical preconditioning; pPA, mean pulmonary pressure; pulmonary vessels, state
of the pulmonary vessels; MGA, malposition of the great arteries; DILV, double inlet left ventri-
cle; criss cross, criss cross heart; PS, pulmonary stenosis; RPA, right pulmonary artery; PA band-
ing, banding of the main pulmonary artery; hypoplastic TV, hypoplastic and stenotic tricuspid
valve; RV, right ventricle; BT shunt, Blalock-Taussig shunt; MAPCA, major aorto-pulmonary
collateral arteries.

catheter completion" of univentricular repair
was attempted. Diagnostic cardiac catheterisa-
tion was performed from the femoral vein.
The pressures in the right atrium and in the
superior vena cava were measured. In the first
two patients only, general anaesthesia was per-
formed and in addition to the access from the
femoral vein a 5F sheath was inserted into the
right jugular vein. A guidewire railway (0 035
in, TSF guidewire, 260 cm, Cook) was estab-
lished from the femoral vein to the jugular vein
in these patients, to allow occlusion of the
superior vena cava-right atrial junction with a
balloon catheter in case of acute cyanosis dur-
ing the procedure due to preferential flow
from the superior vena cava to the right
atrium. This was not done in the subsequent
patients, in whom sedatation was achieved
using diazepam and ketamine.
A right atrial angiogram was performed to

delineate the perforations within the right
atrial baffle using a 5F pigtail catheter
(Cordis). The pigtail catheter was exchanged
against a 5F right Judgkins catheter (Cordis)
and the banding site crossed with a 0 035 in
guidewire (THSF, 260 cm, Cook). The 5F
right Judgkins catheter was exchanged for a 5F
pigtail catheter (Cordis) and an angiogram
into the superior vena cava was performed to
delineate the anastomoses between superior
vena cava and the right pulmonary artery. To
delineate the banding site the catheter was
positioned with some of the side holes within
the pulmonary artery and some within the
right atrium, and an angiogram performed.
When the banding site could not be crossed
with a diagnostic catheter, a 0018 in
guidewire was advanced through the banding
site and balloon angioplasty performed using a
PTCA catheter (Olimpix, balloon length 2
cm, inflated balloon diameter at nominal pres-

sure 3 mm; Cordis) which was inflated to a
pressure of 6 atmospheres.
The technique to be used for transcatheter

completion of univentricular repair was cho-
sen according to the right atrial angiogram
which showed the perforations within the right
atrial baffle. When the perforations in the baffle
seemed to be suitable for transcatheter closure
using "large" (17 mm diameter) Rashkind-
PDA occluders (Bard), the banding site was
enlarged by balloon dilatation and the subse-
quent stenting using Palmaz iliac stents, fol-
lowed by occlusion of the fenestrations within
the baffle using Rashkind-PDA occluders
(technique 1, see below). When the perfora-
tions seemed to be unsuitable for occlusion
with "large" (17 mm diameter) Rashkind-
PDA occluders, an individually designed cov-
ered wallstent was manufactured (Medinvent)
and implanted as "intracardiac conduit"
between the banding site and the inferior vena
cava after balloon dilation of the banding site
(technique 2, see below).

Technique I-As initial step dilation of the
banding site was performed, using a balloon
catheter (Opta, Cordis) with a nominal bal-
loon diameter of 6 mm. The balloon catheter
was introduced over a 0 035 in guidewire
(THSF, 260 cm, Cook) and inflated to an
inflation pressure of 2 to 4 atm. The balloon
catheter was exchanged for an 8F long sheath
(Bard), which had been individually pre-
shaped over hot vapour and was advanced
over the 0 035 in guidewire through the band-
ing site. A Palmaz iliac stent (12 mm long,
Johnson and Johnson Interventional Systems)
was manually mounted on a balloon catheter
(Opta, balloon length 2 cm, balloon diameter
at nominal pressure 8 mm, Cordis) and
advanced over the 0-035 in guidewire through
the 8F long sheath until the stent was posi-
tioned within the banding site. The long
sheath was retrieved and the adequate position
of the stent controlled by an angiogram from a
venous line in the right cubital vein.
Implantation of the stent was performed by
inflating the balloon to a pressure of 6 atm.
Further expansion of the stent was achieved by
inflating the balloon to an inflation pressure of
up to 12 atm (diameter 9-2 mm) and then by
use of a 10 mm balloon (Opta, 6 atm inflation
pressure, Cordis). During this procedure con-
tinuous monitoring of the transcutaneous oxy-
gen saturation was performed, to be aware of a
significant fall of the arterial oxygen saturation
due to an increased blood flow from the supe-
rior vena cava to the systemic circulation.

Following balloon dilatation of the superior
vena cava-right atrial junction, transcatheter
occlusion of the perforations in the baffle was
performed. For this purpose the preshaped 8F
long sheath was positioned with its tip in the
distal inferior vena cava and the perforations
within the baffle were crossed with a 5F right
Judgkins catheter or Cobra catheter (Cordis).
After crossing the baffle a 0 035 in guidewire
(260 cm, THSF, Cook) was advanced into a
pulmonary vein, the 5F catheter exchanged
against the 8F dilator and the 8F long sheath
advanced into the left atrium. Using the "front
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loading technique"9 a 17 mm Rashkind-PDA
occluder (Bard) was advanced through this 8F
long sheath. When the distal legs of the
occluder opened within the left atrium the long
sheath was retracted, so that the proximal
umbrella could open on the right side of the
baffle. After occlusion of the perforations in the
baffle, further balloon dilatation of the Palmaz
stent was performed to a diameter of 14 to 16
mm.

Technique 2-When the perforations within
the baffle were unsuitable for occlusion using
Rashkind-PDA occluders because they were

located close to the atrial wall or because addi-
tional leaks at the suture line of the intracardiac
baffle were apparent, a covered wallstent was

implanted as an intracardiac conduit. To deter-
mine the required length and diameter of the
covered wallstent, as well as the length of the
covered and uncovered part of the stent,
angiograms of the superior vena cava, the right
atrium, the inferior vena cava, and the hepatic
veins were performed as described above.
According to these measurements, a covered
wallstent was individually manufactured by
Medinvent (Schneider, Switzerland) as "intrac-
ardiac conduit" between the superior and infe-
rior vena cava. Implantation of the covered
wallstents was performed after informed con-

sent and approval by the local ethics committee
had been obtained. The banding site was predi-
lated to a diameter of 16 mm as described
above. The covered wallstent was then inserted
from the femoral vein over a 0-035 in guidewire
transcutaneously. Predilatation of the femoral
vein was performed to insert the 18F delivery
instrument for the covered wallstent.

Anticoagulation
During the procedure 100 U/kg heparin were

given intravenously, and the antithrombin III
blood level was kept above 90%. After the pro-
cedure heparin was continued and dicoumarol
was started. The latter was given for four
months. Heparin was given as a continuous
infusion. During the first 24 hours 600 IU/kg
were given, followed by 400 IU/kg/d until the
international normalised ratio (INR) was 1 8.
Additionally 3 to 5 mg/kg aspirin were given
orally.

Results
SURGICAL PRECONDMTIONING
Before the first (surgical) stage of the staged

univentricular repair was performed, the mean
pulmonary pressure ranged from 18 to 23 mm
Hg and the arterial oxygen saturation from
71% to 88% (table 2). In two of eight patients
we ligated a Waterston shunt and in two oth-
ers a modified Blalock-Taussig shunt. The
main pulmonary artery was dissected and
occluded in four patients. Surgical reconstruc-
tion of the pulmonary branches was performed
in four of eight patients using autologous peri-
cardium. While surgical preconditioning
required a cross clamp time of 79 min in the
first patient, this was reduced in the consecu-

tive patients to 19 min (mean cross clamp
time 46-7 min). No hypothermia was used
during surgery, and the patients were extu-
bated 3-5 to 12 hours postoperatively. The
arterial oxygen saturation ranged from 70% to
81% postoperatively and total chest tube
drainage from 11 to 22 ml/kg; none of the
patients required chest tube drainage for more
than three days or developed pleural effusions
or other complications typical for Fontan-type
corrections. For anticoagulation, aspirin 2 to 3
mg/kg was given orally until interventional
completion was performed.

TRANSCATHETER COMPLETION

Transcatheter completion of univentricular
repair was successfully performed in all
patients 6 to 10 weeks after the first stage.
Only the first two procedures were performed
during general anaesthesia. In these two
patients both the right femoral vein and the
right jugular vein were punctured, and a

guidewire railway from the femoral vein and to
the jugular vein was established. Because the
interventional completion turned out to be
rather uncomplicated, without deleterious
decrease in the arterial oxygen saturation, gen-
eral anaesthesia and puncture of the right
jugular vein were abandoned in the subse-
quent patients. The communication between
the superior vena cava and the right atrium
had a minimum diameter of 0 2 to 0 5 mm. In
two patients predilatation using a PTCA
catheter (Olimpix, balloon length 2 cm,
inflated balloon diameter at nominal pressure
3 mm; Cordis) which was inflated to a pres-
sure of 6 atm was necessary to be able to cross
the banding site with a diagnostic catheter.
After diagnostic catheterisation, incremental
balloon dilatation of the cavo-atrial junction
was performed to a diameter of 10 mm. The
waist in the balloon disappeared at an inflation

Table 2 Haemodynamic data. Haemodynamic data before and after surgical preconditioning as well as before and
immediately after interventional completion of total cavopulmonary connection

Surgical preconditioning Intervention completion

Before After Before After

Patient pPA pRA Sat pPA pRA Sat pPA pRA Sat pPA pRA Sat

1 23 6 88 8 9 78 9 9 71 8 10 96
2 20 9 86 9 6 79 7 7 73 8 8 91
3 19 9 88 8 7 75 7 6 72 7 7 97
4 18 12 80 9 9 76 8 7 73 7 9 94
5 22 12 80 7 7 79 6 7 74 7 8 96
6 20 9 83 8 9 79 7 8 76 6 8 88
7 18 9 79 10 10 87 7 7 81 6 7 92
8 18 9 71 8 8 83 7 7 79 7 7 94

pPA, mean pulmonary arterial pressure (mm Hg); pRA, mean right atrial pressure (mm Hg); Sat, arterial oxygen saturation (%).
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Figure 1 Angiography before transcatheter Fontan completion in a 2 year old patient with tricuspid atresia (A). The
subtotally banded cavo-atrial junction has been passed by a catheter delineating both the pulmonary artery anastomosed to
the superior vena cava and the right atrium with the multiperforated baffle. Transcatheter Fontan completion (B) was
achieved by implanting a Palmaz stent (Johnson and Johnson) into the cavo-atrialjunction and occluding the
fenestrations in the right atrial baffle with two 17 mm PDA occluders (Bard). A small residual right to left shunt through
the fenestrated baffle is still visible immediately after the procedure.

pressure of 3 to 4 atm during angioplasty of
the iatrogenic stricture of the cavo-atrial junc-
tion. Surprisingly, the arterial oxygen satura-
tion did not decrease significantly during this
part of the procedure, although the fenestra-
tions within the baffle were still patent.

In six patients a Palmaz stent (12 mm iliac
stent, Johnson and Johnson interventional)
was implanted into the cavo-atrial junction
and dilated up to a diameter of 13-16 mm.
The Palmaz stents shortened from a length of
12 mm to 10-6 mm when expanded to a diam-
eter of 10 mm, to a length of 9-8 mm when
expanded to a diameter of 12 mm, to a length
of 8-4 mm when expanded to a diameter of 14
mm, and to a length of 7-4 mm when
expanded to a diameter of 16 mm. Thereafter

Figure 2 Angiography
after surgical
preconditioning is shown in
this 3 year old patient with
tricuspid atresia (A);
transcatheter completion of
univentricular repair was
achieved by implanting a
covered wallstent
(Medinvent) as
intracardiac conduit
between the superior and
inferior vena cava (B, 4
months after implantation
of the covered wallstent);
12 months after the
procedure (C) further
expansion of the stent has
occurred, while the tissue
within the covered
wallstent has regressed.

the multiperforated patch was occluded using
two to five "large" (17 mm diameter)
Rashkind-PDA occluders (Bard) through the
8F long sheath, which had been inserted for
stent implantation (fig 1).

In two patients, leaks at the suture line of
the intracardiac baffle were apparent in addi-
tion to the fenestrations within the baffle.
Balloon sizing of these defects (6F Berman
end open catheter with a 16 mm latex balloon,
special request, Arrows) revealed a defect
diameter of 10 mm and 12 mm, so that these
leaks were not suitable for closure using
Rashkind-PDA occluders. In these two
patients a covered wallstent (Medinvent,
Switzerland) was implanted after predilating
the communication between superior vena
cava and right atrium sequentially to a diameter
of 14 mm and 16 mm. The covered wallstents
had an expanded diameter of 20 mm and
length of 65 mm. Both ends of these covered
wallstents were left uncovered, distally 1 cm,
proximally 1-5 cm. Implantation was per-
formed transcutaneously, from the femoral
vein using an 18F delivery system. The length
of the stent in the delivery system (before
expansion) was 10 cm. The covered wallstents
were implanted between the superior vena
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Table 3 Haemodynamic data atfollow up cardiac catheterisation

Haemodynamic data
Time of at recatheteisation

Totalfollow up recatheterisation
Patient period (months) (months) pPA (mm Hg) pRA(mm Hg) Sat (%)

1 14 4 8 8 97
2 13 4 7 6 97
3 12 4 6 7 96
4 8 4 7 8 96
5 8 6 6 7 96
6 6 4 6 6 94
7 6 4 7 7 95
8 3 - - - 94*

*No follow up cardiac catheterisation performed, the oxygen saturation was measured transcutaneously 4 weeks and 2 months
after completion.
Time interval, time between interventional completion and follow up investigation; pPA, mean pulmonary arterial pressure; pRA,
mean right atrial pressure; Sat, arterial oxygen saturation.

cava and the inferior vena cava as "intracar-
diac conduit" (fig 2). Care was taken not to
occlude hepatic veins by the covered part of
the covered wallstent, uncompromised
drainage of the hepatic veins was confirmed by
selective angiograms and upper abdominal
sonography.

FOLLOW UP DATA
The arterial oxygen saturation increased in the
total group of patients from 71% to 83%
preinterventionally and to 92% to 97% postin-
terventionally (measured on the third day after
completing staged univentricular repair); the
mean right atrial pressure increased from 6 to 9
mm Hg preinterventionally (mean 7'4 mm
Hg) to 7 to 9 mmHg (mean 7 6 mmHg)
postinterventionally (table 3). The screening
times ranged from 12-28 min and the proce-
dural times from 52-137 min. No significant
complications occurred after the procedure or
during the follow up period of 4 to 14 months,
the quality of life improved dramatically in all
patients. In particular no complications typical
for Fontan-type corrections such as pleural
effusions, ascites, renal failure, hepatic failure,
or protein losing enteropathy were observed
after the procedure or during the follow up
period of 4 to 14 months. Echocardiography
revealed no residual leak in the baffle,
although the transcutaneous oxygen saturation
ranged from 88% to 97%, indicating residual
right to left shunting in at least some of the
patients (table 3). Holter monitoring showed
normal sinus rhythm, with no dysrhythmias or
sinus node dysfunction. In both patients who
received a covered wallstent, recatheterisation
was performed four months after Fontan com-
pletion. No residual leaks were found, and in
both patients tissue appeared within the cov-
ered wallstent; in one patient this tissue had a
thickness of less than 0 3 mm. This "tissue"
could reflect either intimal proliferation or
thrombotic deposits within the stent. In the
other patient the tissue appearing within the
covered wallstent was more prominent, with a
thickness of 0'4 mm to 2-9 mm 4 months after
the implantation (fig 2B); surprisingly this tis-
sue seemed to have regressed at recatheterisa-
tion 12 months after the implantation (fig 2G).
In this patient an antithrombin III deficiency
was present. At the time of writing the patient
was well and had been living a normal life for
10 months.

Discussion
Although the Fontan principle is a palliative
procedure, its application in patients with uni-
ventricular circulation is currently being
broadened."8' " II Various types of univentricu-
lar repair including hemifontan-type or Glenn-
type operation, fenestrated Fontan-type
operation, and non-fenestrated Fontan-type
operation are currently performed.'0 Decom-
pressing the right atrium by use of a fenes-
trated baffle and subsequent transcatheter
closure of the fenestration has been of particu-
lar importance in reducing the mortality early
after a Fontan procedure.'46 Fenestrating the
baffle also seems to be effective in overcoming
transient problems of the early postoperative
period resulting from pulmonary dysfunction,
increased pulmonary resistance, transient ven-
tricular dysfunction, and the haemodynamic
changes themselves.' The incidence of serious
effusions is significantly reduced.'0 Particularly
in high risk patients, the incidence of postsur-
gical mortality and morbidity, including renal
failure, hepatic dysfunction, severe effusions,
and protein losing enteropathy, has been
reduced significantly using a staged univen-
tricular repair. 610 12-14 The major advantage of a
bidirectional Glenn operation or hemifontan
operation is relief of the systemic ventricle
from volume overload so that it is allowed to
remodel before univentricular repair is com-
pleted."'16 Additionally the sudden conversion
to a Fontan-type circulation is avoided. Jacobs
and Norwood7 reported a reduction of overall
mortality (within 30 days of operation) from
16% in 223 patients who underwent a modi-
fied Fontan procedure without prior hemi-
fontan to 8% in 200 patients who underwent a
hemifontan procedure before univentricular
repair was completed. This mortality was fur-
ther reduced to 4 5% in 112 patients by creat-
ing one or more fenestrations in the baffle or
by excluding one or more hepatic veins from
the systemic venous pathway.7 However, if
univentricular repair is performed in two
stages an additional operation becomes neces-
sary. To combine the advantages of baffle fen-
estration and of a staged univentricular repair,
but eliminating the need for repeated surgery,
we developed our new concept of staged, sur-
gical-transcatheter univentricular repair,
which combines surgical "preconditioning"
and transcatheter "completion" of univentric-
ular repair. Despite our limited experience,
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these data show that this approach was suc-
cessfully applied in high risk patients and
could become a promising alternative to the
conventional staged correction. Although the
youngest patient in this series was 2 years old
and weighed 8 kg, our first technique
(implanting a Palmaz stent into the cavo-arter-
ial junction and device closure of the fenestra-
tions) seems to be applicable also in the first
year of life, so that early univentricular repair
seems possible using this approach.17
As the first step in this new concept, a hemi-

fontan-type circulation is established surgi-
cally, concomitantly preconditioning the
patient for later transcatheter Fontan comple-
tion. This is achieved by maintaining a mini-
mal communication between the superior
vena cava and the right atrium and by insert-
ing a multiperforated baffle laterally into the
right sided atrium. The main goal of unload-
ing the systemic ventricle is achieved by this
first (surgical) stage, the systemic ventricle
being allowed to remodel before transcatheter
completion of the univentricular repair is per-

formed. In our experience the postsurgical
course after the first (surgical) stage was as

smooth as after bidirectional Glenn operation,
with none of the complications that are typical
of Fontan-like procedures.
The major advantage of this new concept is

that repeated surgery can be reduced; addi-
tionally myocardial ischaemia does not occur
during completion of univentricular repair.

Although increased cyanosis during the inter-
ventional procedure was a matter of concern,
no increase in right to left shunting occurred
after balloon dilatation of the cavo-atrial junc-
tion when the fenestrations in the baffle were

still patent. As the conversion from a hemi-
Fontan to a Fontan-type circulation proved to
be smooth, only the first two procedures were

performed under general anaesthesia, while
the subsequent procedures were performed
under sedation. Complications typical for
Fontan-type corrections were not observed in
any of our patients after surgical precondition-
ing or after transcatheter completion. The
mean right atrial pressure increased from 7-4
mm Hg to 7-6 mm Hg during transcatheter
completion. The smooth and uneventful clini-
cal course during and after both stages sug-
gests that the risks inherent to the surgical
establishment of a Fontan-type circulation can
be further reduced by this approach.

Despite these promising experiences, some

potential disadvantages should be mentioned.
For the surgical preconditioning, extracorpo-
real circulation is necessary to insert the multi-
perforated baffle. However, the cross clamp
time was reduced continuously from 79 min-
utes in the first patient to 19 minutes in the
last patient. Additionally, stent implantation
into the cavo-atrial junction could be a matter

of concern because of alteration of the sinus
node. Therefore the banding was performed as
near as possible to the cavopulmonary anasto-
moses, and the stents were placed as high as
possible in the superior vena cava to prevent
mechanical interference with the sinus node.
Sinus node dysfunction was not observed in

any of our patients during the follow up period
of four to 14 months. Another matter of con-
cern could be that an implanted endovascular
stent does not allow growth of the cavo-atrial
junction, in contrast to surgical techniques.
However, the Palmaz stents used can be redi-
lated to a diameter of 20 mm. Although dilata-
tion of these stents is recommended to a
diameter of 16 mm, expansion up to 20 mm is
possible in our experience. We believe a cavo-
pulmonary junction with a diameter of 20 mm
should give adequate communication. We
would not perform angioplasty or recommend
surgery on a cavo-pulmonary junction with a
diameter of 18 to 20 mm after total cavopul-
monary connection or another Fontan-type
procedure. Such a diameter is equal to that of
an extracardiac conduit which is implanted
surgically.'8 Finally, tissue growth or throm-
botic deposits within the covered wallstent
observed in one patient could be a matter of
concern (fig 2B); however, no pressure gradi-
ent within the stent was observed, and this tis-
sue had regressed 12 months after the
implantation (fig 2C). Despite this, we suggest
that anticoagulation with dicoumarol is neces-
sary after implantation of a covered wallstent
to prevent thrombotic deposits within the cov-
ered wallstents.

Until more experience with this new
approach is gained, and long term follow up
data acquired, it cannot be decided which of
the two techniques used for transcatheter
Fontan completion is to be preferred: implant-
ing a covered wallstent as an "intracardiac
conduit" or restricting stent implantation to
the cavo-atrial junction with subsequent
occlusion of the multiperforated baffle with
umbrellas. The use of a covered wallstent as
intracardiac conduit offers the advantage of
excluding the right atrium from the circula-
tion, thereby protecting it from distension by
an increased venous pressure, and hence
reducing the incidence of late dysrhythmias.
However, restricting stent implantation to the
cavo-atrial junction with subsequent umbrella
closure of the multiperforated baffle offers the
advantage of leaving a residual leak in the baf-
fle, converting the hemifontan circulation to a
"fenestrated" Fontan circulation, with the
option of occluding this residual fenestration
later. Using this approach the interventional
Fontan completion can be staged, allowing a
smooth conversion to a univentricular repair
according to the Fontan principle, potentially
reducing morbidity and improving quality of
life.
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