CONGENITAL HEART DISEASE

Doppler Evaluation of Homograft Valved
Conduits in Children

Jon N. Meliones, MD, A. Rebecca Snider, MD, Edward L. Bove, MD, Gerald A. Serwer, MD,
Jane Peters, Samuel J. Lacina, MD, Michael S. Florentine, MD, and Amnon Rosenthal, MD

To assess the flow characteristics of homograft
valved conduits in the immediate postoperative
period, 69 children with 71 homograft conduits
underwent 2-dimensional and Doppler echocardio-
graphic examination at 1 to 40 days (mean 8) after
surgery. Of the 71 conduits studied, 19 were aortic
and 52 were pulmonary homograft valved conduits.
Two aortic homograft valved conduits were insert-
ed in the aortic position, whereas all remaining ho-
mografts were placed in the pulmonary position.
On the immediate postoperative echocardiogram,
25 (35%) of the conduit valves had no regurgita-
tion and 44 (62%) had 1+ (mild) regurgitation.
Two pulmonary valved conduits (3%) in the pulmo-
nary position had 2+ (moderate) regurgitation and
right ventricular dimensions >95% for body sur-
face area. The peak velocity across the homograft
valve was normal (<1.3 m/s) in 58 valves (82%). In
the remaining 13 valves, peak velocity ranged from
1.4 to 2.6 m/s. No homograft valve had a peak ve-
locity >2.6 m/s in the immediate postoperative pe-
riod.
To assess the fate of homograft valved conduits
in the intermediate-term follow-up period, 38 chil-
dren with 38 conduits had a repeat echocardiogram
at 6 to 25 months (mean 15 + 6) after surgery. Of
the 38 conduits examined, 10 (26%) had no regur-
gitation, 25 (66%) had 1+ regurgitation and 3
(8%) had 2+ regurgitation. Progression of the
amount of regurgitation occurred in 11 (29%) pa-
tients.

At the follow-up examination, peak velocity was
<1.4 m/s across 34 conduit valves, between 1.4
and 2.6 m/s across 3 valves and >2.6 m/s across 1
valve. This latter patient had a 3.2-m/s jet across
the proximal insertion of the conduit and no further
increase across the valve itself. Thus, no patient
had evidence of conduit valve stenosis. Of the 38
patients, 9 had Doppler evidence of obstruction at
the conduit insertion (8 at the distal end and 1 with
the aforementioned proximal obstruction). Most obh-
structions were of mild to moderate severity and
only 2 patients (5%) had severe conduit stenosis.

Thus, in the immediate postoperative period,
normally functioning homograft valved conduits
frequently have mild regurgitation (62%) and rare-
Iy have moderate or severe regurgitation (3%),
with peak velocities reaching <2.6 m/s. In the in-
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patients, 9 had Doppler evidence of ohstruction at
the conduit insertion (8 at the distal end and 1 with
the aforementioned proximal obstruction). Most ob-
structions were of mild to moderate severity and
only 2 patients (5%) had severe conduit stenosis.

Thus, in the immediate postoperative period,
normally functioning homograft valved conduits
frequently have mild regurgitation (62%) and rare-
ly have moderate or severe regurgitation (3%),
with peak velocities reaching <2.6 m/s. In the in-
termediate follow-up period, homograft valved con-
duits may develop an additional degree of regurgi-
tation (29%), frequently continue to have conduit
peak velocities <2.6 m/s (97%) and uncommonly
develop hemodynamically significant obstruction,
usually at the ends of the conduit (5%).

(Am J Cardiol 1989;64:354-358)

valved conduits are widely used, especially for the

repair of defects with right ventricular-pulmonary
artery discontinuity. In 1966, Ross and Somerville! in-
troduced the use of fresh aortic homograft valved con-
duits; however, because of problems with limited avail-
ability and early calcification of these irradiated con-
duits, alternative valved conduits were sought.?? In
1973, the use of a porcine heterograft valve mounted in
a woven Dacron® tube was proposed,* and, because of
its ready availability, it soon became the most widely
used conduit.>¢ Long-term follow-up studies of children
with heterograft porcine valved conduits showed, how-
ever, a disappointing rate of development of obstruction
at the porcine valve and in the Dacron conduit itself.”-10
As a result of these studies and because of the develop-
ment of improved techniques for preparation and pres-
ervation of homograft valves, antibiotic-sterilized homo-
graft valves are now being widely used in children and
are favored by most surgeons because of their lower
antigenicity compared with porcine valved conduits.!!-20

In infants and children with congenital heart disease,
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The continuing search for the optimal extracardiac
conduit requires accurate information on the long-term
fate of these conduits. Although the Doppler flow char-
acteristics of normally functioning and malfunctioning
mechanical and heterograft prosthetic valves have been
well described,?'-2° there are no descriptions of the
Doppler flow characteristics of the normally-functioning
homograft valve in the immediate postoperative period.
The purposes of this study were to determine the char-
acteristics of flow through the normally functioning ho-
mograft valved conduit in the immediate postoperative
period using Doppler echocardiography and to evaluate
the fate of these conduits at the intermediate postopera-
tive follow-up echocardiographic examination.

METHODS

Patients: From September 1985 to October 1988,
74 homograft valved conduits were placed in 72 chil-
dren (2 children had 2 homograft valved conduits each).
Sixty-nine of the 72 children underwent 2-dimensional
and Doppler echocardiographic examination in the im-
mediate postoperative period. Three patients died before
a postoperative echocardiographic examination could be
performed. The study group comprised the 69 surviving
children, who had a total of 71 homograft valved con-
duits. Their diagnoses are listed in Table 1.

The study group included 35 girls and 34 boys. Age
at operation ranged from 1 day to 40 years (mean +
standard deviation 5.8 + 2.0 years). Eight patients were
<1 month old, 6 were 1 month to 2 years old, 32 were 2
to 6 years old and 23 were >6 years old. Their weight at
operation ranged from 2 to 96 kg (mean 21.6 + 4.0).

Homograft valves: Of the 71 homograft valved con-
duits studied, 19 were aortic and 52 were pulmonary
homograft valves. All pulmonary homograft valves were
inserted in the pulmonary position. Seventeen aortic ho-
mograft valves were inserted into the pulmonary posi-
tion and 2 were inserted into the aortic position. The
valves ranged from 8 to 27 mm in diameter. Six valves
measured between 8 and 14 mm, 18 between 15 and 20
mm and 47 between 20 and 27 mm.

Operative techniques: Cryopreserved homografts
(Cryolife) were used in all patients. Valves were har-
vested from cadavers in whom perfusion was being
maintained. The valves were cultured, sized, trimmed of
excess tissue and frozen to —197°C in liquid nitrogen
for subsequent use. In the initial patients, aortic homo-
grafts were primarily used. In later patients, pulmonary
homografts were preferred because of their thinner
walls and superior suturing characteristics. Selection of
homograft size was determined by patient size and graft
availability. No deliberate effort was made to “over-
size” the conduit for any patient. A knitted Dacron tube
soaked in albumen or plasma was autoclaved to mini-
mize bleeding and then used to lengthen the homograft
proximally to provide a hood for the ventricular anasto-
mosis. Whenever possible, the Dacron extension was
sharply beveled, leaving only a 2- to 3-mm rim posteri-
orly to reduce the circumferential Dacron to a mini-
mum. When pulmonary artery branch stenosis was pre-

TABLE I Homograft Valved Conduit Patients
No. of Pts
Diagnosis (n=69)
Pulmonary atresia/VSD 28
Truncus arteriosus 14
Tetralogy of Fallot 7
D-transposition/VSD/PS [
L-transposition/VSD /PS 5
Double outlet right ventricie /PS 3
Aortic stenosis 2
Atrioventricular septal defect/PS 2
S /P arterial switch /PS 2
PS = pulmonary stenosis: S/P = status postoperative, VSD = ventricular septal
defect.

sent, the distal end of the conduit was used as an onlay
patch.

Echocardiographic examination: All 69 patients un-
derwent a complete 2-dimensional and Doppler echo-
cardiographic examination in the immediate postopera-
tive period. The initial postoperative examination was
obtained from 1 to 40 days (mean 8) after surgery. In
addition, 38 patients (with 38 conduits) had a repeat
echocardiogram in the intermediate postoperative fol-
low-up period. The follow-up examinations were ob-
tained from 6 to 25 months (mean 15 + 6) after sur-
gery. Thirteen patients were examined from 6 to 12
months after surgery and 25 were examined from 12 to
25 months after surgery.

Ventricular dimensions were measured from an M-
mode echocardiogram generated from the 2-dimension-
al sector scan. Homograft valve stenosis was assessed by
measuring the peak flow velocity through the homograft
valve from multiple transducer positions using pulsed,
high-pulse repetition frequency and continuous-wave
Doppler techniques. The highest value for the peak ve-
locity was used in the simplified Bernoulli equation
(gradient = 4 X peak velocity?) to calculate the peak
instantaneous pressure gradient across the homograft
valve. The proximal and distal conduit insertions also
were examined for evidence of obstruction.

Pulsed and color flow Doppler mapping technigues
were used to detect homograft valve regurgitation. Re-
gurgitation was diagnosed when Doppler signals arising
from blood flow passing retrogradely across the valve in
diastole were present. The amount of regurgitation was
graded according to the following parameters: (1) mild
(I+) = small, narrow jet of low amplitude detected
near the valve origin with normal cardiac chamber di-
mensions; (2) moderate (2+) = easily detected, high
amplitude jet associated with cardiac chamber enlarge-
ment; and (3) severe (3 to 4+) = wide, easily-detected,
high amplitude jet with marked cardiac chamber en-
largement and with evidence of marked diastolic runoff
of blood from the aorta or pulmonary artery.

RESULTS

Immediate postoperative examination: Of the 71
conduits evaluated in the immediate postoperative peri-
od, 25 (35%) had no homograft valve regurgitation, 44
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TABLE Il Change in Amount of Homograft Valve
Regurgitation from Immediate Postoperative to Intermediate
Follow-Up Examination

Amount of Amount of

Regurgitation at Regurgitation

Postoperative at Follow-Up No. of Pts

Examination Examination (n=38)

0 0 6

0 1+ 8

0 2+ 1

1+ 0 3

1+ 1+ 16

1+ 2+ 2

2+ 4] 1

2+ 1+ 1

2+ 2+ 0

(62%) had 14 regurgitation and 2 pulmonary homo-
graft valves in the pulmonary position (3%) had 2+ re-
gurgitation. The 2 patients with 2+ regurgitation had
right ventricular diastolic dimensions >95% for body
surface area.

Evaluation of the velocity profile across the homo-
graft valve showed a normal peak flow velocity (<1.3
m/s) across 58 valves (82%). In the remaining 13 valves
(all with 0 or 1+ regurgitation), the peak velocity
ranged from 1.4 to 2.6 m/s. No homograft valve had a
peak velocity >2.6 m/s in the immediate postoperative
period. For the entire group, the peak velocity was 1.6
+ 0.3 m/s. Doppler evaluation of the proximal and dis-
tal insertions of the homograft valved conduit showed
no patient with obstruction at the ends of the conduit in
the immediate postoperative period.

Intermediate follow-up examination: Thirty-eight
patients with 38 conduits had intermediate-term follow-
up echocardiographic examinations. Of the 38 conduits
examined, 10 (26%) had no regurgitation, 25 (66%) had
1+ regurgitation and 3 (8%) had 2+ regurgitation (Ta-
ble II). No patient had >2+ regurgitation. Of the 10
patients with no regurgitation, 6 had no regurgitation in
the immediate postoperative period, 3 had 1+ regurgi-
tation and 1 had 2+ regurgitation. Of the 25 patients
with 1+ regurgitation, 8 had no regurgitation on the
immediate postoperative examination, 16 had 1+ regur-
gitation and 1 had 2+ regurgitation. All 3 patients with
2+ regurgitation had pulmonary valve conduits in the
pulmonary position. Their right ventricular diastolic di-
mensions were larger than the 95% for body surface
area. All 3 patients had an increase in the amount of
regurgitation from the immediate postoperative echo-
cardiogram. One patient had no regurgitation on the
immediate postoperative echocardiogram, whereas the
other 2 patients had 1+ regurgitation in this period.

At the follow-up examination, the peak flow velocity
was <1.4 m/s across 34 conduit valves, it ranged be-
tween 1.4 and 2.6 m/s across 3 valves, and was >2.6
m/s across 1 valve. One patient with a 14-mm Hg peak
gradient across the conduit valve (1.9 m/s) had a pre-
dicted right ventricular systolic pressure of 74 mm Hg
{(predicted by Doppler from the tricuspid regurgitation
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jet). This finding suggested severe distal conduit steno-
sis; however, due to limited echocardiographic access,
the distal conduit insertion could not be examined di-
rectly with Doppler echocardiography. At catheteriza-
tion, this patient had severe stenosis at the distal inser-
tion of the conduit and no gradient across the conduit
valve. No other patient had evidence of unexplained
right ventricular hypertension in the face of normal
peak flow velocity across the conduit valve. One patient
with a peak velocity of 3.2 m/s across the conduit valve
had a 3.2-m/s jet across the proximal insertion of the
conduit. In this patient, the increased velocity across the
conduit valve was due to the persistence of a high-veloc-
ity jet originating at the proximal obstruction (pulsed
Doppler examination showed no further increase in
peak flow velocity across the valve itself). Evidence of
obstruction at the proximal or distal conduit insertions
was found in 9 patients at the intermediate follow-up
examination (Table III). The peak velocity across the
obstruction in these patients ranged from 2.0 to 4.0 m/
s. One patient with truncus arteriosus had a 64-mm Hg
gradient across the distal conduit insertion. The conduit
valve in this patient appeared normal and had a peak
flow velocity of 1.5 m/s. At catheterization, this patient
had severe obstruction at the distal insertion of the con-
duit and no gradient across the conduit valve. The other
patient in this group who has had cardiac catheteriza-
tion is the one with right ventricular hypertension pre-
dicted from the tricuspid regurgitation jet mentioned
previously. No other patient in the study group has had
a postoperative cardiac catheterization.

DISCUSSION

With the recent development of improved cryo-
preservation and surgical techniques, the use of homo-
graft valved conduits has become the preferred method
for establishing ventricular-great artery continuity in
many centers.!6-20 The long-term follow-up studies of
children who have received fresh, antibiotic-sterilized
aortic homograft valves show that 70% can be expected
to be free of conduit obstruction at 15 years after opera-
tion.!617 In Kay and Ross’s experience,!” only 13% (3
patients) required conduit replacement by 10 years, The
obstruction in these children was within the Dacron
tube and not at the homograft valve. This type of ob-
struction can probably be avoided with the use of autol-
ogous pericardial tubes or extended pulmonary valve
homograft conduits. Little follow-up data are available
concerning the fate of cryopreserved aortic or pulmo-
nary homograft valved conduits.!*20 In the first report
of the intermediate-term fate of cryopreserved aortic
homograft valved conduits, Kirklin et al'® found 94%
freedom from reoperation at 3.5 years after surgery (2
of 147 patients required reoperation). In a preliminary
report on the use of cryopreserved pulmonary homo-
grafts, Lamberti et al?® had 1 of 18 patients who devel-
oped severe obstruction and 11 of 18 who developed
trivial to mild pulmonary regurgitation. The finding of a
majority of patients with pulmonary regurgitation has
led to many suggestions for altering surgical techniques



TABLE Il Patients with Conduit Obstruction at the Intermediate Follow-Up Examination
Age at Conduit Velocity (m/s) and Gradient (mm Hg)
Surgery Location of
Dx (yrs) Type Position Obstruction Across Obstruction Across Valve Regurgitation
Truncus 0.08 Pul Pul Proximal 3.2(41) 32(—)* 1+
Truncus 36 Ao Pul Distal 3.1(38) 1.4 (0) 0
Truncus 58 Pul Pul Distal 4.0 (64) 1.5(9) [¢]
Truncus 9 Ao Pul Distal 3.0(36) 1.4 (0) 1+
Truncus 9 Pul Pul Distal 3.5(49) 1.2(0) 0
PA/VSD 6.5 Ao Pul Distal 3.0(36) 1.0(0) 1+
PA/VSD 7 Pui Pul Distal 3.2(41) 2.6 (27) ¢}
PA/VSD 14 Ao Pui Distal RVSP = 74 mm Hg 1.0(0) 0
DORV/PS 7 Pul Pul Distal 3.0(36) 1.4 (0) 0
* This patient had persistence of the proximal jet across the valve and no further increase across the valve itself.
Ao = aorta; DORV = double outlet right ventricle; Dx = diagnosis; PA = pulmonary atresia; PS = pulmonary stenosis; Pul = pulmonary; RVSP = right ventricutar systolic pressure es-
timated from the tricuspid insufficiency jet; Truncus = truncus arteriosus; VSD = ventricular septal defect.

in an attempt to limit mechanical causes for valve re-
gurgitation.

To optimize techniques for the preparation and sur-
gical placement of extracardiac conduits, accurate in-
formation on the long-term fate of different types of
conduits is required. Two-dimensional and Doppler
echocardiography provide important noninvasive tech-
niques for the serial assessment of conduit function. The
Doppler flow characteristics of normally functioning
mechanical and heterograft prosthetic valves have been
well described,?!-2 but the Doppler flow patterns of
normally functioning homograft valves have not. In the
71 homograft valves we examined in the immediate
postoperative period, the mean peak flow velocity across
the valve was 1.6 & 0.3 m/s. The majority of homograft
valves (82%) had a peak flow velocity <1.3 m/s and no
valve had a peak velocity >2.6 m/s. For the Hancock
porcine valve in the aortic position, the mean peak flow
velocity has been reported to be 2.0 to 2.6 m/s (range
1.8 to 3.6).2629 For the St. Jude mechanical valve in the
aortic position, peak velocities ranged from 1.0 to 3.9
m/s (mean 2.3 & 0.6) in 1 report.?? Comparable peak
velocities have been reported for the Bjork-Shiley valve
in the aortic position (peak velocity 2.6 + 0.5 m/s,
range 1.8 to 3.0).2 Compared with heterograft tissue
valves and mechanical valves in the aortic position, ho-
mograft valves in the aortic and pulmonary position ap-
pear to have better flow hemodynamics.

In the immediate postoperative period, 62% of ho-
mograft valves had mild regurgitation and 3% had mod-
erate regurgitation. A comparable incidence of regurgi-
tation has been reported by Panidis et al?® in normally-
functioning porcine (44%), St. Jude (58%) and
Bjork-Shiley (62%) valves in the aortic position. Thus,
in tissue or mechanical valves, regurgitation is usually
common, hemodynamically insignificant and clinically
unsuspected.26-29

Of the 38 patients who had an intermediate follow-
up examination, 66% had mild and 8% had moderate
homograft valve regurgitation. Although these inci-
dences were similar to those found in the immediate
postoperative period, there were changes in the amount
of regurgitation in 16 patients. Progression of the
amount of regurgitation occurred in 11 patients (8 went

from 0 to 1+, 1 from 0 to 2+ and 2 from 1+ to 2+).
Only 3 patients (8%), however, progressed to a moder-
ate amount (2+) of regurgitation. Regression of regur-
gitation occurred in 5 patients (1 went from 2 to 1+, 1
from 2+ to 0 and 3 from 1+ to 0). Thus, 2 patients
(5%) had a regression of regurgitation from a moderate
amount to trivial or no regurgitation. It is difficult to
determine how much of this progression or regression in
regurgitation represents a real change and how much is
due to variations in the interpretation of the echocardio-
gram. With the use of combined pulsed, continuous-
wave and color Doppler techniques, one is unlikely to
err in diagnosing the presence or absence of regurgita-
tion; however, assessment of the degree of regurgitation
is far more subject to observer variability. We believe
that the progression of regurgitation was real in a mini-
mum of 9 patients (8 who went from 0 to 1+ and 1 who
went from 0 to 2+, total of 24%), and regression of
regurgitation was real in a minimum of 4 patients (1
who went from 2+ to 0 and 3 who went from 1+ to 0,
total of 11%).

The occurrence and progression of homograft valve
regurgitation is worrisome. Lamberti et alZ’ noted early
pulmonary homograft valve regurgitation in 61% of
their patients and progression of regurgitation in 6% (1
of 18). Predisposing factors to the development and pro-
gression of regurgitation were incompletely relieved pul-
monary branch stenosis, pulmonary vascular obstructive
disease and mechanical distortion of the valve caused by
a conduit that was twisted or too small. Attention to
mechanical details or predisposing patient factors may
lead to techniques for eliminating or reducing the
amount of conduit valve regurgitation.

At the intermediate follow-up examination, only 2 of
our 38 patients (5%) have developed severe homograft
valved conduit obstruction, both at the distal conduit
insertion. No patient has developed significant stenosis
at the homograft valve itself. The incidence and site of
obstruction in our series is in agreement with reports
from other centers.!®30 Predisposing factors for the de-
velopment of obstruction at the proximal and distal con-
duit insertions include the length of the conduit neces-
sary for the repair as well as the age of the child at the
time of surgery;!®3 thus, very young infants undergoing
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primary repair of truncus arteriosus are particularly
prone to development of conduit obstruction.
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