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Aortic valve replacement in young patients:
long-term follow-up
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m Thirty-four young patients (28 male and 6 female) underwent aortic valve replacement between
1972 and 1988. Ages ranged from 11 to 20 years (mean 17.7 years). Including reimplantation in the
follow-up period, 40 valves were implanted, among which were 17 (43%) St. Jude, 7 (16%) Bjork-
Shiley, and 4 (10%) Carpentier-Edwards. Seven patients (18%) had tissue valve prostheses (4 Carpen-
tier-Edwards, 3 Hancock valves). There was one hospital death (2.9%). Follow-up was obtained in 30
of the 33 hospital survivors, with a mean follow-up of 80 months. In the follow-up period, one patient
(3%) had a major thromboembolic event and one patient (3%) had prosthetic valve endocarditis. Six
patients (18%) required replacement of the implanted valve; three of these had received Hancock
tissue valve prostheses. There were three late deaths, yielding 96% survival at 5 years and 84% at 10
years. Twenty-three of 30 survivors are currently New York Heart Association class I. Aortic valve
replacement in young patients can be performed with low mortality and morbidity, and with excellent

long-term results.
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LTHOUGH CONSERVATIVE surgery is

the preferred treatment for aortic valvular

lesions in young patients, prosthetic valve

replacement is sometimes inevitable,'” par-

ticularly when leaflet thickening and calcification

make valve reconstruction impossible.? For this reason,

prosthetic valve replacement in young patients will
continue to be a management option.

Relatively few studies have dealt with the long-term

ing aortic valve replacement (AVR),"™ and surgical
results and survival rates among these studies have
varied considerably. We report the surgical results and
long-term follow-up of 34 young patients who under-
went AVR at The Cleveland Clinic Foundation be-
tween 1972 and 1988.

METHODS

follow-up of a large number of younger patients follow-

From the Department of Cardiology, The Cleveland Clinic
Foundation.

Address reprint requests to D.S.M., Department of Cardiology,
The Cleveland Clinic Foundation, 9500 Euclid Avenue,
Cleveland, OH 44195.

SEPTEMBER - OCTOBER 1992

The medical records of all patients under age 20
who underwent AVR at The Cleveland Clinic Foun-
dation from 1972 through 1988 were reviewed. Also
included were patients who had an additional proce-
dure or procedures performed (Table). Follow-up was
performed by contacting the patients or by consulting
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TABLE
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REASONS FOR AORTIC VALVE REPLACEMENT

Final valve Age at original

size and type surgery Clinical description

#13 Bjork-Shiley 19 Congenital aortic stenosis

#29 Bjork-Shiley 18 Aortic insufficiency, undetermined

# 7 Bjork-Shiley 19 Mitral stenosis, dilated valve

#25 Bjork-Shiley 18 Congenital bicuspid

#13 Bjork-Shiley 19 Congenital aortic stenosis; #10 Starr-Edwards valve replaced after
5 years for prosthetic valve aortic obstruction

#25 Bjork-Shiley 16 Severe aortic regurgitation after aortic valvuloplasty and
ventricular septal defect closure

#19 St. Jude 20 Congenital aortic stenosis; subcutaneous bacterial endocarditis

#25 St. Jude 20 Congenital bicuspid

#25 St. Jude 20 Aortic insufficiency; endocarditis

#21 St. Jude 19 Aortic insufficiency; subaortic abscess; subcutaneous
bacterial endocarditis

#31 St. Jude 18 Congenital fused commissures; #12 Kaster valve replaced

#31 St. Jude 19 Mitral stenosis; aortic dissection

#25 St. Jude 14 Mitral stenosis

#29 St. Jude 17 Mitral stenosis; sinus of Valsalva aneurysm

#21 St. Jude 20 Rheumatic aortic stenosis, aortic insufficiency

#19 St. Jude 16 Subcutaneous bacterial endocarditis; aortic regurgitation;
#21 Bjork-Shiley replaced after 4 years

#29 St. Jude 16 Congenital bicuspid

#29 St. Jude 20 Severe rtheumatic aortic regurgitation; #27 Hancock

#29 St. Jude 18 Congenital aortic stenosis bicuspid; 2 aortic repairs after
ventricular septal defect repair

#23 St. Jude 18 Prosthetic aortic stenosis; aortic insufficiency; subcutaneous
bacterial endocarditis; #25 Hancock valve replaced after 8 years

#19 St. Jude 18 Subcutaneous bacterial endocarditis; aortic insufficiency

#25 St. Jude 16 Congenital aortic insufficiency; bicuspid

#21 St. Jude 15 Congenital bicuspid; 2 valvuloplasties; subcutaneous
bacterial endocarditis

#12 Kaster 18 Congenital aortic stenosis

#16 Kaster 15 Congenital aortic stenosis and aortic insufficiency

#18 Kaster 18 Aortic insufficiency; sinus of Valsalva aneurysm

#14 Kaster 15 Congenital aortic stenosis

#27 Carpentier-Edwards 19 Congenital aortic stenosis

#25 Carpentier-Edwards 14 Severe aortic insufficiency

#127 Carpentier-Edwards 19 Congenital bicuspid aortic stenosis; aortic insufficiency;
preoperative subcutaneous bacterial endocarditis;
#27 Hancock, calcified

#125 Carpentier-Edwards 20 Congenital bicuspid

#2] lonescu 20 Congenital bicuspid

#9 Starr-Edwards 20 Rheumatic valvulitis

#10 Starr-Edwards 11 Subcutaneous bacterial endocarditis, -aortic insufficiency

At the time of surgery,
seven patients (21%) were
in New York Heart As-
sociation (NYHA) func-
tional class II or IV, and 27
patients were in NYHA
class I or II.

Thirty-three patients
(97%) had a systolic mur-
mur at presentation, 29
(85%) had a diastolic mur-
mur. Electrocardiography
revealed left ventricular
hypertrophy in 23 patients
(68%), and 24 (71%) had
cardiomegaly on chest
radiography.

The predominant val-
vular lesions were aortic in-
sufficiency (21 patients, or
62%), aortic stenosis (6
patients, or 18%), and
combined aortic insuf-
ficiency and aortic stenosis
(7 patients, or 20%). AVR
was an isolated procedure
in 22 of the 34 patients; 12
patients had a total of 14
concomitant procedures,
including aortic root re-
placement (4 patients),
ventricular septal defect
closure (3 patients), en-
largement of the aortic
outflow tract (3 patients),
mitral valve replacement (2
patients), patch closure of a
subaortic  abscess (1

with the referring physicians and reviewing all hospital
records. Actuarial survival curves were created with
Kaplan-Meier estimates. All statistical analyses were
done using the SAS statistical software package.

PATIENTS

Thirty-four patients ranging in age from 11 to 20
(mean 17.7 years) underwent AVR between 1972 and
1988. There were 28 (82%) males and 6 (18%) females.

The most common presenting symptoms were
fatigue in 20 patients (59%), shortness of breath in 18
patients (53%), and dyspnea on exertion in 16 (47%).
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patient), and tricuspid valve annuloplasty (1 patient).
Previous cardiac surgical procedures had been per-
formed in 12 patients (5 aortic valvulotomy, 4 coarcta-
tion repair, I AVR, 1 ventricular septal defect, and 1
patent ductus closure.

Preoperative assessments of left ventricular function
during cardiac catheterization were available for 30 of
34 patients. Of these 30 patients, 10 (33%) had normal
left ventricular function (ejection fraction 2 50%), 8
(27%) had mild impairment (ejection fraction 40% to
50%), and 12 (40%) had moderate impairment (ejec-
tion fraction 35% to 40%). No patient had severe
impairment (ejection fraction <35%).
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Including reimplantations during the follow-up
period, a total of 40 valves were implanted in 34
patients. The valves used most commonly were the St.
Jude (17) and the Bjork-Shiley (7). Seven patients

(20%) received a tissue valve prosthesis.

RESULTS

The following results are listed according to the
recent guidelines described by Edmunds et al® for
reporting morbidity and mortality after cardiac valve
operations.

Mortality

One patient died shortly after surgery, for an opera-
tive mortality rate of 2.9%. This patient presented
with severe aortic regurgitation and moderate mitral
regurgitation, a sinus of Valsalva aneurysm, and
moderately to severely impaired left ventricular func-
tion. He had undergone six previous open heart
surgeries and was NYHA class IV. He expired within
24 hours of surgery with low cardiac output syndrome
and ventricular arrhythmia.

Three of 33 hospital survivors (10%) expired. One
of these had presented with severe aortic stenosis with
mild aortic insufficiency and had received a #16 Lil-
lehei-Kaster prosthesis; the patient expired suddenly 3
years later, possibly from a rhythm disturbance (how-
ever, this was not documented). The second patient
had presented with severe aortic insufficiency with
moderately impaired left ventricular function and had
received a #27 Carpentier-Edwards prosthesis; this
patient expired 6 years later from rupture of the pros-
thetic aortic valve secondary to endocarditis, with sub-
sequent severe hypotension. The third patient had
presented with valvular and supravalvular aortic
stenosis, a hypoplastic supravalvular segment of the
ascending aorta, moderate aortic insufficiency, and
mitral insufficiency. He underwent a Kono procedure
with a #25 Bjork-Shiley valve and annuloplasty. This
patient died 7 years later of cardiopulmonary arrest
secondary to biventricular failure and severe mitral
insufficiency.

Long-term follow-up

Follow-up was performed for 30 of the 34 patients
(89%). The follow-up period ranged from 1 to 204
months (mean 80 months). Ages of the patients at the
time of follow-up ranged from 15 to 35 years (mean 24
years). Survival for all the patients was 96% at 5 years
and 84% at 10 years (Figure 1). NYHA classification
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FIGURE 1. Actuarial survival curve for all patients, including
hospital deaths, showing 95% survival at 5 years and 84% at
10 years.

data were available for 27 of the 30 survivors: of these
27, 23 (85%) are class I, 3 (11%) are class II, and 1
(4%) is class III. Almost all survivors are now leading
normal lives, with no restrictions on their activities.

Complications and morbidity

Structural valvular deterioration. Six patients required
reoperation. Three patients had a Hancock porcine
valve which required replacement 7 to 10 years later
(mean 8.3). All three Hancock valves showed degen-
erative calcification on pathological examination.
Three additional patients had mechanical valve dys-
function: one patient had a Lillehei-Kaster prosthesis
replaced with a St. Jude valve after 12 years because of
valve failure. Another patient underwent replacement
of a Starr-Edwards valve with a Bjork-Shiley after 5
years. A third patient underwent replacement of a
Bjork-Shiley valve with a St. Jude valve 4 years pos-
toperatively.

Thromboembolism. Long-term therapy with warfarin
was prescribed in 27 of 34 patients; antiplatelet therapy
consisting of aspirin and dipyridamole was used in the
remaining 7 patients. No patient developed an-
ticoagulant-related hemorrhage, but there was one
thromboembolic event. The patient had received a
#29 St. Jude valve with aortic root replacement and
closure of a ventricular septal defect. Because of dif-
ficulty in controlling the prothrombin time, warfarin
treatment had been stopped, and the patient was
maintained on aspirin and dipyridamole. At age 20, 2.5
years postoperatively, the patient developed left
hemiparesis. This solitary occurrence represents an in-
cidence of thromboembolic events of 0.5% per 100
patient years.
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FIGURE 2. Event-free survival for all patients, including
hospital deaths, showing 91% event-free survival at 5 years
and 61% at 10 years.

Prosthetic walve endocarditis. Four patients had ex-
perienced preoperative episodes of endocarditis. One
patient with moderately severe aortic stenosis secon-
dary to a congenital bicuspid aortic valve developed
preoperative endocarditis with severe aortic valve in-
sufficiency. This patient underwent AVR with a #27
Carpentier-Edwards valve at age 19. Another patient
with congenital aortic stenosis had one documented
episode of preoperative endocarditis. A third patient
developed endocarditis with subsequent severe aortic
regurgitation and a subaortic abscess requiring replace-
ment of the aortic valve with a #21 St. Jude valve. A
fourth patient with a congenital bicuspid aortic valve
developed endocarditis after two previous valvuloplas-
ties. He subsequently underwent valve replacement
with a #21 St. Jude valve.

There was one case of prosthetic valve endocar-
ditis. The patient had initially undergone prosthetic
valve replacement of a dysplastic aortic valve with
aortic insufficiency and aortic stenosis. A #25 Han-
cock valve was used in that procedure. The patient
developed prosthetic valve endocarditis with resultant
prosthetic valve stenosis and insufficiency. Eight years
after the initial implantation the patient underwent
re-replacement of the infected prosthetic valve with a
#23 St. Jude valve. “Burned-out” vegetations were
noted on the prosthetic valve cusp at the time of
reoperation.

Pregnancy. Of the six females in our population,
three were nulliparous. The three remaining females
had a total of seven children; of these, one had con-
genital heart disease (ie, transposition of the great ves-
sels). None of the patients was noted to have any
problems during pregnancy.
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Postoperative arrhythmias and congestive heart failure.
Four patients were noted to have cardiac symptoms or
arthythmias documented by 12-lead electrocardiog-
raphy following cardiac surgery. Three patients had pal-
pitations with no documented arrhythmias. One
patient had infrequent premature ventricular contrac-
tions. No patient developed late congestive heart
failure.

Event-free survival. Cardiac events in the follow-up
period were defined as when the patient was read-
mitted for cardiac cause; underwent repeat cardiac
catheterization because of a concern over valvular
heart function; developed thromboembolism or en-
docarditis; required reoperation; or died. By these
criteria, event-free survival for all the patients was 91%
at 5 years and 61% at 10 years (Figure 2).

DISCUSSION

Valve replacement in young patients carries specific
risks in addition to the usual problems with valvular
prostheses encountered in adults. Valve replacement in
childhood commits the patient to dependence on a pros-
thesis of unknown durability; moreover, the patient may
outgrow the prosthesis as somatic growth continues. Of
our 34 patients, 31 were over age 14 and probably had
attained most of their adult size at the time of valve
replacement. Of the remaining 3 patients, 2 were age 14
and 1 was age 11. All 3 of these younger patients
received valves as large as, or larger than, those in other
patients 19 to 20 years old. The additional difficulty of
anticoagulant control in very active young patients is
further complicated in female patients of childbearing
age.*® For these and other reasons, most thoracic sur-
geons agree that every effort should be made to preserve
the native valve in childhood; however, valvular pros-
thesis is sometimes unavoidable.* In addition, one
could consider a homograft valve as an alterative.

Reports of long-term follow-up and survival of
young patients undergoing valvular prosthesis have
varied considerably with geography and time."™
Results have varied depending on the nature of the
underlying disease, the characteristics of the prosthetic
valve used, and the site of insertion,! with the most
favorable results seen in isolated mechanical valvular
insertion in the aortic position.”’

Our results agree with other reports indicating that
AVR can be performed with low mortality and mor-
bidity in younger patients and with a satisfactory long-
term survival.”® Our series had one operative death,
yielding an early mortality rate of 2.9%. Other early
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mortality rates range from 0.0% to 8.0%.>° Reports on
late mortality following AVR also have varied.”” Cor-
nish and colleagues reported no late deaths in 17
patients with AVR followed for up to 5 years.” Milano
et al reported 7 late deaths in 53 patients following
AVR; the 7-year survival rates were 66% for patients
with bioprosthetic valves and 77% for patients with
mechanical valves.’ Of the three late deaths in our
series, two were of unknown causes and one was related
to severe mitral insufficiency.

The development of bioprosthetic valves was seen
as a major advance for children needing valve replace-
ment because it was felt that postsurgical anticoagula-
tion therapy would not be necessary.! However, this
early enthusiasm was soon dampened by reports of high
failure rates and degenerative calcification.”'*" Of the
seven tissue valves inserted in our patients, three (all
Hancock porcine) had to be replaced 7 to 10 years later
because of degenerative calcification. This is similar to
the experience of others.®!!

Because of these high failure rates, we share the
opinion of others that xenograft aortic bioprostheses
are not recommended in younger patients. Recent
reports on the use of low-profile mechanical valves in
children are promising.*”® Half of our patients received
St. Jude medical valves, which have gained widespread
acceptance since their introduction in 1977.® How-
ever, until long-term comparative studies of the dif-
ferent mechanical prostheses are available, the most
suitable prosthesis for use in young patients remains to
be determined.

The need for anticoagulation therapy in young
patients has recently received adequate consideration.
Cornish et al,’ in their experience with the St. Jude
valve, compared groups receiving warfarin, aspirin, or
no therapy. They found no difference in complication
rates and concluded that anticoagulation might not be
essential in valve replacement using the St. Jude valve
in mitral-aortic positions.’

McGrath and co-workers’!*

noted seven throm-
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