
T he Ross procedure,1 also called the
pulmonary autograft procedure, in-
volves replacement of the diseased

aortic valve with the patient’s own pul-
monary valve (autograft) and implantation
of a biological valve (homograft) in the
pulmonary position.2 It was first described
and pioneered by Mr. Donald Ross in 1967
in London. The procedure was popularised
in the 1980s when homografts became
widely available on both sides of the At-
lantic. In its new aortic position the pa-
tient’s pulmonary valve remains viable,
does not calcify, has the potential to grow,
does not require anticoagulation and is
rarely associated with histological degener-
ation.3-6 Perhaps not surprisingly, the Ross
procedure was not initially adopted widely.
The operation is longer and more complex,
commits both the patient and the surgeon
to double valve surgery, while the early
morbidity and mortality during the learn-
ing curve were substantial. However, im-
proved surgical techniques, better myocar-
dial protection during cardiopulmonary by-
pass and the availability of commercially
prepared homografts have stimulated  an
increase in interest and led to the accumu-
lation of –by now– a much wider experi-
ence3,4,7,8 with the Ross procedure.

Reoperation for neo-aortic valve re-
gurgitation has been the major compli-
cation following the Ross procedure.5

Failure of the pulmonary autograft has
been attributable to technical errors at

the time of operation, progressive aortic
regurgitation due to inadequate coapta-
tion of the leaflets, or pulmonary auto-
graft-to-aortic annulus mismatch.8

Transaortic pressure gradients after the
Ross procedure are negligible, and
clearly better than for bioprostheses or
mechanical valves. Ten and 20 years af-
ter the procedure 85% and 61% of hos-
pital survivors from the pioneer series5

were alive, with 88% and 75% freedom
from autograft replacement and 89%
and 80% freedom from replacement of
the pulmonary homograft, respectively.
These results compare favourably to any
other bioprosthetic valve replacement.7,9

More recently, a reduced incidence of
neo-aortic valve regurgitation and reop-
eration at mid-term follow-up has been
reported3,4,7 with the implantation of the
pulmonary valve and the pulmonary artery
as an anatomical unit (root method) com-
pared to the sub-coronary technique.
Furthermore, Elkins and colleagues10

described the insertion of the pulmonary
cylinder using the aortic root inclusion
technique. Fixation of the autograft root
to the relatively dense collagen struc-
ture of the aortic annulus and its im-
plantation within the native aorta seems
to prevent distortion of the commissures
and –by providing external support–
minimises dilatation of the pulmonary
autograft. Subsequently, Pacifico et al11

utilised bovine pericardial circumferen-
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tial wrap to support the distensible root and reduce
postoperative bleeding.

The Ross procedure is a double valve operation,
and further surgery to replace the bioprosthetic pul-
monary valve will be required for paediatric patients
or patients operated on during early adulthood.
However, homograft valves in the pulmonary posi-
tion, when implanted beyond childhood, have a long
lifespan of 20 to 30 years, with low complication
rates. Furthermore, ultimate pulmonary valve re-
placement is a very low-risk procedure with excel-
lent results, provided that ventricular function is
maintained by the time of surgery.12 Early and late
outcomes from the Ross procedure have improved
continuously. Current data suggest that periope-
rative risks of the Ross procedure in large volume
units with expertise in this type of aortic valve sur-
gery compare favourably with other valve substi-
tutes. Premature concerns for patients with a bicus-
pid aortic valve and the theoretical risk of predispo-
sition of the neo-aorta to dilation8 have not been
substantiated by recent clinical data.13 Our personal
practice has been to consider patients with a bicus-
pid aortic valve for the Ross procedure, with the ex-
emption of extreme cases with marked ascending
aortopathy and concomitant aortic arch involve-
ment. 

Arguably, the choice of the pulmonary auto-
graft for aortic valve replacement obviates the need
for permanent anticoagulation and provides a
durable and viable valve with the potential to grow.1,3-7

The Ross procedure is, therefore, ideally placed for
children and adolescents (where somatic growth is
a major limiting factor for both biological and me-
chanical prostheses) and for adults with a rather
active lifestyle or specific contraindications for an-
ticoagulant therapy. Furthermore, the Ross proce-
dure is particularly suited for women of reproduc-
tive age, because of the major risks and hazards of
anticoagulation involved during pregnancy.14 In ad-
dition to negating the need for anticoagulation, the
Ross procedure is associated with very low valve
degeneration rates during pregnancy.14 It has to be
emphasised, however, that the Ross procedure is
an operation that requires high technical skills. It is
best performed in an environment familiar with as-
sessing and dealing not only with the aortic valve,
but also with the entire intrathoracic aorta and the
pulmonary valve and the main pulmonary trunk. In
such an environment, the perioperative risk of an
elective pulmonary autograft procedure in experi-

enced hands today should not be higher than in
other types of aortic valve replacement surgery.15

Excellent early and mid-term results are clearly
achievable with the pulmonary autograft root ap-
proach in young adults with aortic valve disease.
With newer technical modifications, improved
long-term results can be anticipated and the indica-
tions for the Ross procedure will continue to ex-
pand. Protagonists3,4,7,16 currently advocate the pul-
monary autograft operation for patients with a life
expectancy of 20 years or more. Such improved re-
sults, however, can only be demonstrated with con-
tinued follow-up and the expansion of reported se-
ries.
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