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Long-term follow-up of patients with
extracardiac valved conduits.”

Shunji Sano, Yoshio Yokota, and Seiichiro Makino

Abstract

Seventeen patients having extracardiac valved conduits placed between the right ventricle
and pulmonary artery were followed for 7 to 87 months postoperatively (mean, 42 months), at
the Heart Institute, Kenritsu Amagasaki Hospital, Japan. There were no late deaths in the study
group. Three conduits have been replaced, all because of conduit stenosis. In two-dimensional
echocardiographic examinations, commissural fusion and calcification of the valve were noted in
6 out of 16 xenograft valved conduits. Mechanical valve immobility was found in one patient.
Neointimal peel of the dacron graft was noted in 6 out of 17 cases, and marked left ventricular
deformity in the short axis view was found in 6. Late cardiac catheterization was done in 6 patients
who were suspected of having valve failure and right ventricular hypertension by two-dimensional
echocardiography. All 6 of these patients showed a high pressure gradient between the pulmonary
artery and right ventricle and also had elevated right ventricular pressure. In conclusion, two-
dimensional echocardiography is a simple, non-invasive and very accurate method for detecting
conduit stenosis and valve failure. An echocardiographic series should be performed for a long-
time postoperatively because obstructions of valved conduits may be progressive, and an operation
may be advisable in order to prevent the development of advanced right ventricular hypertrophy
and deterioration.
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Long-Term Follow-Up of Patients with Extracardiac Valved Conduits

Shunji Sano*, Yoshio Yokota and Seiichiro Makino
Heart Institute, Kenritsu Amagasaki Hospital, Amagasaki 660, Japan

Seventeen patients having extracardiac valved conduits placed between the right
ventricle and pulmonary artery were followed for 7 to 87 months postoperatively
(mean, 42 months), at the Heart Institute, Kenritsu Amagasaki Hospital, Japan.
There were no late deaths in the study group. Three conduits have been replaced, all
because of conduit stenosis. In two-dimensional echocardiographic examinations,
commissural fusion and calcification of the valve were noted in 6 out of 16 xeno-
graft valved conduits. Mechanical valve immobility was found in one patient.
Neointimal peel of the dacron graft was noted in 6 out of 17 cases, and marked
left ventricular deformity in the short axis view was found in 6. Late cardiac
catheterization was done in 6 patients who were suspected of having valve failure
and right ventricular hypertension by two-dimensional echocardiography. All 6 of
these patients showed a high pressure gradient between the pulmonary artery and
right ventricle and also had elevated right ventricular pressure. In conclusion,
two-dimensional echocardiography is a simple, non-invasive and very accurate meth-
od for detecting conduit stenosis and valve failure. An echocardiographic series
should be performed for a long-time postoperatively because obstructions of valved
conduits may be progressive, and an operation may be advisable in order to prevent

the development of advanced right ventricular hypertrophy and deterioration.

Key words : extracardiac valved conduit, conduit stenosis, two-dimensional echocardiogra-
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In 1966, Ross and Somerville (1) re-
ported the repair of tetralogy of Fallot with
pulmonary atresia using an aortic homograft
as a conduit from the systemic venous ven-
tricle to the pulmonary artery. The use of
aortic homograft was extended to the cor-
rection of truncus arteriosus and to complex
transposition of the great vessels (2, 3).
In 1972, Bowman ef al. (4) first used clin-
ically a glutaraldehyde preserved porcine

valve and a dacron tube graft. Many var-
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iations in the use of the conduit to establish
right ventricle-to-pulmonary artery continuity
have been described and have permitted re-
pair of a wide variety of complex congenital
heart diseases for which only palliative pro-
cedures were previously available.
Although several institutions have re-
ported satisfactory early results with the
use of extracardiac conduits, long-term re-
sults of such operations revealed that cal-

cific stenosis of aortic homografts and ob-
struction of porcine valved extracardiac con-
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duits may be a significant late postoperative
complication (5-9).

We were concerned about the long-term
performance of extracardiac valved conduits
and established a protocol to evaluate pa-
tients over an extended period of time. This
report emphasizes the usefulness of two-
dimensional echocardiography in arriving at
a correct decision concerning catheterization
and the possibility of having to reoperate.

Patients and Methods

Between July 1972 and June 1985, 35 patients

Sano et al.

had 38 valved conduits placed from the hemodynamic
right sided ventricle to the pulmonary artery in
the Heart Institute of Kenritsu Amagasaki Hospital.
The primary diagnosis of these 35 patients and the
surgical outcome are listed in Table 1.

Fifteen patients had severe forms of tetralogy
of Fallot, including 2 with pulmonary atresia.
Thirteen had transposition of the great arteries,
5 had truncus arteriosus, 1 had double-outlet right
ventricle and 1 had double-outlet left ventricle.
The age of the patients at the time of repair ranged
from 63 days to 16.5 years (mean, 5.4 years).
Conduit operations were performed on 11 patients
who were 2 years of age or under. Of the 35 valved
extracardiac conduit operations, 28 were according
to the Rastelli-type procedure and 7 were accord-
ing to the Damus-Kaye-Stansel procedure (Table

Table 2 Operations and results

Hospital deaths

Table 1 Congenital defects necessitating valved conduit Operative. techr.liques N?’ of
repair and diagnosis patients No. Mortality (%)
No. of Hospital deaths Rastelli type 28 8 29
Diagnosis t.‘ ¢ TF, PA 15 2 13
patients . ,
No. Mortality rate (%) $G A 7 3 43
TF, PA 15 2 13 arteriosus 5 3 60
TGA 13 6 46 DOLV 1 0 0
Truncus arteriosus 5 3 60 Damus-Kaye- Stansel 7 4 57
DORV 1 1 100 TGA 6 3 50
DOLV 1 0 0 DORV 1 1 100
Total 35 12 34 Total 35 12 34

Abbreviations: TF, tetralogy of Fallot; PA, pulmonary
atresia; TGA, transposition of the great arteries; DORV,
double-outlet right ventricle; DOLV, double-outlet left
ventricle.

Abbreviations: TF, tetralogy of Fallot; PA, pulmonary
atresia; TGA, transposition of the great arteries; DOLV,
double-outlet left ventricle; DORYV, double-outlet right
ventricle.

Table 3 Valves used and results
Hospital deaths
Valves used No. of cases
No. Mortality (%)

Hancock xenograft 25 9 36
Bjork- Shiley 5 2 40
SJMme 5 1 20
Carpentier-Edwards xenograft 2 0 0
Aortic homograft 1 0 0

Total 38° 12 32

a: SJM, St. Jude Medical valve.
b: Three patients underwent a reoperation.
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2). The types of valved conduits are listed in
Table 3.

Twenty-three patients survived. Of these pa-
tients, 17 underwent periodic two-dimensional echo-
cardiographic examination to assess the extracardiac
valved conduits from the right ventricular outflow
tract to the pulmonary arteries, and to determine
the right ventricular-over-left ventricular peak
systolic pressure ratio (P RV/LV). The other
6 patients were followed up at other institutions
and were excluded from the echocardiographic study.
Cardiac catheterization was routinely recommended
for all patients 1 month postoperatively. Late
follow-up hemodynamic data were obtained in 6
patients in whom conduit stenosis and elevation of
P RV/LV were suspected by two-dimensional echo-
cardiography. The follow-up period of the 17 pa-
tients was from 7 to 87 months postoperatively
(mean, 42months).

Results
There were 12 deaths among the 35 pa-

Table 4 Clinical data of long-term follow-up patients

177

tients (34%). Eight deaths were among
patients who underwent Rastelli-type pro-
cedures, and 4 were among those who under-
went Damus-Kaye- Stansel procedures (Table
2). There were 7 deaths among the 11 pa-
tients who were under 2 years of age (64 % ).
Of the 23 hospital survivors there have been
no late deaths.

Two-dimensional echocardiographic exam-
ination revealed commissural fusion of the
valve in 9 out of 16 xenografts and calci-
fication of the valve in 6 out of 16 xenografts.
One patient in whom a 19 mm Bjork-Shiley
valved conduit was used was noted to have
a half-open and fixed valve. Valve findings
could not be obtained in 2 patients, both of
whom had transposition of the great arteries
and valved conduits which were anastomosed
to the right side of the aorta. Neointimal
peel formation within the conduits was noted
in 6 out of the 17 patients, and marked left
ventricular deformity in the short axis view

Two-D echo findings

Age Follow-up
No. Sex’ Diagnosis Valve used period Valve findings Neointimal LV deformity P RV/LV
(months) peel
1 12y,M TF B-S19 87 Fixed Marked 0.77
2 6y,F  Truncus (IV) Hx. 22 71 Fused + Mild
3 2m,M  Truncus (II) Hx. 12 64 Fused & calcified + Marked 1.09
4 11lm,M TGA () Hx. 20 60 Not visible Moderate
5 11lm,M TGA (I) Hx. 20 52 Fused + Moderate
6 5y, F TF Hx. 20 52 Clear Mild
7 1y, F PA Hx. 22 51 Clear Mild
8 5v,F TF Hx. 22 48 Fused & calcified + Marked 0.77
9 1y,M TGA (I) Hx. 20 54 Not visible Marked 0.81
10 3yv,M TF Hx. 20 46 Fused & calcified Moderate
11 4y, F TGA (I Hx. 20 44 Fused & calcified + Moderate
12 6y,M TF Hx. 22 44 Fused Marked 0.88
13 10y,M TF Hx. 25 39 Fused & calcified Moderate
14 8y,M PA Hx. 22 36 Fused & calcified + Marked 1.04
15 4y,M TGA (I) C-E16 11 Clear Mild
16 7y, M TF Hx. 18 10 Clear Mild
17 4y,M TF Hx. 16 7 Clear Mild

Abbreviations: B-S, Bjork-Shiley; C-E, Carpentier-Edwards; Hx, Hancock; PA, pulmonary atresia; TF, tetralogy
of Fallot; TGA, transposition of the great arteries: P RV/LV, right ventricular-over-left ventricular peak systolic

pressure ratio.
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Fig. 1 Two-dimensional echocardiograms of case No.l taken 36 months after operation. Half open and fixed Bjork-
Shiley valve and marked left ventricular deformity are seen.

Fig. 2 Two-dimensional echocardiograms of case No.3 demonstrate calcified Hancock valve, valvular stenosis and

marked left ventricular deformity.
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Fig. 3 Two-dimensional echoardiogram of case No.8 demonstrates calcified Hancock valve and thick neointimal peel.

Table 5 Hemodynamic data of 3 patients having undergone reoperation

Peak systolic gradient

. Age at  Conduit . . Interval between
Pz;\;nent Diagnosis operation size (mmHg) P RV/LV Site of m.a]or initial op &
o. (yrs) (mm) obstruction (months)
¥ m Early Late Early Late reop \months
3 Truncus (1) 2/12 Hx. 12 7 50 0.54 1.09 Valve 64
8 TF absent 5 Hx. 22 22 64 0.46 0.77 Valve 48
pulm. valve
14 PA 8 Hx. 22 81 74 1.08 1.04 Distal 54

Abbreviations: TF, tetralogy of Fallot; PA, pulmonary atresia; Hx, Hancock; pulm, pulmonary; P RV/LV, right

ventricular-over-left ventricular peak systolic pressure ratio.

was noted in 6. Among the 14 patients who
were followed up for more than 36 months,
10 patients were noted to have valve dys-
function and 6 were noted to have marked
LV deformity (Table 4 and Figs. 1-4).
Late cardiac catheterization was done in
6 patients who had been confirmed to have
valve dysfunction and marked LV deformity

Produced by The Berkeley Electronic Press, 1989

on two-dimensional echocardiograms. The
pressure gradient across the valved conduits
ranged from 11 to 90 mmHg (average, 61
mmHg). The P RV/LV ratio ranged from
0.77 to 1.09 (average, 0.89) (Table 4).
Three of the 23 survivors have undergone
reoperation because of conduit stenosis (Ta-
ble 5). The mean interval from the time of
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Fig. 4 Two-dimensional echoardiogram of case No.14. Hancock valve is fused and calcified but still retains move-
ment. Non-obstructing, neointimal peel is seen proximally in the conduit.

insertion of the conduit to the time of re-
placement was 4 years 7 months. Obstruction
was due to a combination of valvular ob-
struction and neointimal peel in 2 patients
and to distal anastomosis in one. All 3 valves
were fused and calcified. A St.Jude Medical
(SIJM) valve was used for replacement in
all patients, and a polytetrafluoroethylene
(PTFE) graft patch was used to enlarge the
distal anastomosis in one patient. There
were no hospital deaths at the time of con-
duit replacement.

Discussion

The use of an extracardiac conduit be-
tween the right ventricle and the pulmonary
artery has allowed repair of pulmonary atre-

http://escholarship.lib.okayama-u.ac.jp/amo/vol 43/iss3/6

sia, persistent truncus arteriosus, transpo-
sition of the great arteries with pulmonary
stenosis, and other complex forms of con-
genital heart disease. Conduit repair may
provide dramatic improvement in clinical
status with elimination of cyanosis and con-
siderable improvement in exercise tolerance.

Several types of composite conduits have
been used, including those with aortic homo-
graft valves, xenograft valves, pericardial
valves, and mechanical valves placed within
dacron tubes. Initial results with woven
dacron conduits containing glutaraldehyde
fixed porcine valves were encouraging, but
long-term follow-up has documented progres-
sive conduit obstruction and valve dysfunction
(8,10-14). In 1982 McGoon et al. (5) re-
ported follow-up data on 333 patients who
had received Hancock conduits together with
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those on 130 patients who had received ir-
radiated homografts and 5 who had received
non-valved conduits. Ninety patients under-
went serial catheterization. The initial trans-
conduit gradient at the time of insertion in
patients with the Hancock prosthesis was
25 mmHg with a mean increase of 5 mmHg
over a mean period of 1.7 years. The early
results with Hancock conduits seemed quite
good, with the probability of reoperation for
obstruction being 6% at 5 years. However,
systematic invasive and non-invasive evalu-
ation of the cardiovascular status was not
performed.

Soon after these early encouraging re-
sults, however, failures with the dacron
valved conduits began appearing. Neointi-
mal proliferative obstruction and heterograft
valve degeneration were the leading causes
of obstruction. In 1981, Ben-Shachar et al.
(15) reported the possibility of acute failure
of tightly woven dacron conduits. At autopsy,
the thick neointimal peel in a right atrial
to pulmonary artery conduit had dissected
away from the dacron, possibly causing acute
occlusion. Agarwall et al.(16) have outlined
potential sites of conduit stenosis, including
extrinsic compression by the sternum, ob-
structive proximal anastomosis, valvular ste-
nosis, fibrous neointimal peel and conduits
which are not of adequate size. They also
reported that thickening of the neointima
may occur primarily along the interface be-
tween the neointima and conduit by repeated
minor dissection followed by thrombus or-
ganization.

Bisset and co-workers (6) documented a
6 year failure rate of 30% in patients having
conduit repair of tetralogy of Fallot. In our
13 patients with Hancock valved conduits
who have been followed up for more than 36
months, severe valve dysfunction was noted
in 6 patients, mild to moderate valve degen-
eration in 3, and only 2 were noted to have
good valve function.
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Patients receiving mechanical valves must
commonly be treated with the anticoagulant
warfarin, the efforts of which are difficult
to control, especially in small infants and
children. In our series one patient with a
Bjork- Shiley valved conduit who refused the
anticoagulation therapy was noted to have a
fixed valve. Pass et al. (17) reported no
thromboembolic complication in 18 patients
in the pediatric and adolescent age groups
who received a St. Jude Medical prosthesis
and who were not maintained on anticoagu-
lants. However, we have recently experi-
enced a thromboembolic complication in an
infant who had a St. Jude Medical prosthesis
inserted in the pulmonary valve position for
absent pulmonary valve syndrome.

Aortic homografts have largely been aban-
doned as extracardiac conduits because of
limited availability and reports of homograft
leaflet calcification and development of a
pressure gradient (5, 9-11). However, fresh
homografts sterilized in antibiotic solution
have been shown to have a much lower in-
cidence of calcific obstruction than homo-
grafts prepared by physical-chemical means
(18-20). Saravelli et al.(18) observed
that in 37 of 40 patients (92%) with con-
genital heart disease, calcification developed
in aortic homografts preserved by various
techniques used for right ventricular outflow
reconstruction. However, only one patient
needed reoperation for calcified obstructive
leaflet, and in all of the remaining patients
the valve leaflets were free from calcifica-
tion and looked freely mobile. Most recent-
ly, Kay et al.(21) have reported postoper-
ative catheterization data on 16 patients with
homograft conduits in whom the mean follow-
up period was 6years. The mean trans-
conduit gradient was 24 +15 mmHg and only
3 patients had a gradient greater than 50
mmHg. However, the site of obstruction in
these 3 patients was in the dacron tube and
not at the level of the valve. Although the
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antibiotic-sterilized aortic homograft is cur-
rently the best alternative, it is not avail-
able in Japan.

In 1983, Stewart et al. (22) reported
late clinical results and late cardiac cath-
eterization findings in 15 long-term survivors
of 6 to 9years after insertion of a Han-
cock conduit. Cardiac catheterization dem-
onstrated a gradient of 50 mmHg or greater
across the conduit in 2 of 16 patients 1 year
after operation and in 7 of the 15 patients
6 years after operation. Nevertheless, all
patients were essentially asymptomatic. A
number of studies have emphasized the im-
portance of serial catheterization in pa-
tients with right ventricular-to-pulmonary
arterial conduits because of the lack of
symptoms, despite moderate obstruction (7,
14).

Repeated cardiac catheterization, how-
ever, has many problems with its attendant
risks, costs and complications. Thus, a
simple, reliable, non-invasive method to de-
termine right ventricular hypertension would
be of considerable practical value. Recent
development of two-dimensional echoardio-
graphy predicted right ventricular hyper-
tension (23-25).

Abnormalities of interventricular septal
motion and configuration have been described
in patients with right ventricular pressure
overload (24, 25). A normal left ventricle
is nearly circular, but when right ventricular
systolic hypertension is present, the inter-
ventricular septum shifts toward the left
ventricle and becomes flattened. Recently,
we (25) reported a good correlation between
the right ventricular-over-left ventricular
systolic pressure ratio at end-systole and
the left ventricular deformity index obtained
by two-dimensional echocardiography. Among
the present 17 long-term follow-up patients,
6 patients showed marked left ventricular
deformity, and in all of these patients the
right ventricular-over-left ventricular systol-
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ic pressure ratios were over 0.77.

Two-dimensional echocardiography is very
useful for detecting degeneration of the
valve, neointimal peel within dacron grafts,
and the site of stenosis. To date, we have
replaced the conduit in 3 out of 17 long-
term survivors. The general appearance of
these excised conduits was very similar to
that of the two dimensional echocardiograms.
Furthermore, the recent application of con-
tinuous wave Doppler echocardiography en-
abled us to determine the transvalvular pres-
sure gradients noninvasively (26-28). When
used in conjunction with clinical evaluation
and continuous-wave echocardiography, two-
dimensional echocardiography should aid in
deciding which children with extracardiac
valved conduits require a long-term follow-
up and cardiac catheterization.

In summary, although the long-term per-
formance of the porcine valved woven dacron
conduit has proven to be unsatisfactory, it
continues to be necessary in certain forms
of complex congenital heart disease. Should
replacement of an obstructed extracardiac
valved conduit become necessary long after
the initial operation, conduits containing
mechanical valves should be used if the pa-
tient is old enough for easy management of
anticoagulation therapy. Surgery is advis-
able in order to prevent the development of
advanced right ventricular hypertrophy and
deterioration. Careful and periodic follow-
up of such patients is imperative. Two-
dimensional echocardiography is a simple,
non-invasive and very accurate method for
detecting conduit stenosis and valve failure.
It should be performed over a prolonged post-
operative period, as obstruction of valved
conduits seems to be progressive.
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