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T he challenge to provide a suitable
replacement for a diseased human
heart valve has led to an ongoing

process. The pulmonary autograft has e-
merged as an attractive alternative substi-
tute for aortic valve replacement, with pro-
mising hemodynamic and clinical results.1

The autograft is non-thrombogenic, thus
not requiring anticoagulation, and the risk
of endocarditis is low. Moreover, in chil-
dren and adolescents there is evidence that
the autograft grows in parallel with the pa-
tient. This surgical method was originally
introduced in 1967 by Donald Ross, who im-
planted a pulmonary autograft in the sub-
coronary position.2 The Ross procedure en-
tails replacing the transplanted pulmonary
valve and adjacent main pulmonary artery
with a valved homograft conduit to ree-
stablish right ventricular-pulmonary ar-
tery continuity. The long-term function of
cryopreserved homograft conduits deter-
mines late morbidity and the need for re-
operation. Evolving homograft stenosis
complicating the Ross procedure is a rare
problem with significant clinical conse-
quences. Keeping in mind the well known

advantages of the percutaneous procedure,
stenting of a stenosed homograft instead of
reoperation is a real challenge.

Case presentation

A 30-year-old female attended her follow-
up appointment nine months after she
had undergone the Ross procedure be-
cause of severe congenital aortic stenosis
(bicuspid valve). A cryopreserved aortic
homograft was used to replace the pul-
monary valve and adjacent main pulmo-
nary artery after the replacement of the
diseased aortic valve by a pulmonary au-
tograft. Six months after the operation she
started complaining of worsening dysp-
nea, palpitations and fatigue. On the echo-
cardiogram an increased systolic pressure
gradient of 35 mmHg was first noticed at
that time.

On physical examination a right ven-
tricular heave was easily palpated and a
loud (5/6) systolic murmur was audible at
the left upper sternal border. These find-
ings were definitely absent before and right
after the Ross procedure. Her electrocar-
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diogram fulfilled the criteria for right ventricular hy-
pertrophy with right axis deviation.

The transthoracic echocardiogram revealed tur-
bulent flow within the homograft. Continuous-wave
Doppler (CWD) detected a significantly increased
flow velocity with a maximal systolic pressure gradi-
ent of 55 mmHg (Figure 1). The right heart cavities
were mildly dilated and moderate tricuspid regurgita-
tion was detected. The subcostal view showed right
ventricular hypertrophy (right ventricular thickness
during diastole was 10 mm).

Magnetic resonance angiography (MRA) con-

firmed the diagnosis of significant homograft stenosis.
The narrowing was mainly due to a 70% reduction in
luminal diameter of the tubular part of the homograft.

The patient was referred for right heart catheteri-
zation and angiography. This showed a significant ste-
nosis of the tubular part of the homograft, with a pull-
back systolic gradient of 55 mmHg between the bifur-
cation of the main pulmonary artery and the valve of
the homograft. Direct stenting of the grafted main pul-
monary artery was performed with a satisfactory final
angiographic result (Figures 2 and 3). A combination
of aspirin (150 mg daily) and Plavix (75 mg daily) was
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Figure 1. Transthoracic echocardiogram color-2D (A) and continuous-wave Doppler (B) in short axis parasternal view showing turbulent
flow within the tubular part of the homograft and significantly increased flow velocity, which was compatible with a peak systolic gradient
of 55 mmHg.

Figure 2. Angiography (LAO 90o, Caudal 0o) of the aortic homograft in pulmonary position before stenting (A) re-
vealing significant stenosis of the tubular part of the homograft (white arrow), and after stenting (B) with obvious
patency of the homograft.
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used for one month after stenting, followed by continu-
ous administration of aspirin.

A series of echocardiograms performed three, six
and nine months after stent implantation confirmed the
patency of the homograft; the maximal systolic pressure
gradient with CWD had decreased to 27 mmHg (Fig-
ure 4). Mild to moderate (2+/4) pulmonary incompe-
tence was also noticed. The patient’s symptoms were
markedly improved.

Discussion

The Ross procedure provides continued excellent he-

modynamics in the aortic position, and from a hemo-
dynamic standpoint, it is possibly the ideal operation
for this valve.1 By the mid-1980s, cryopreserved homo-
grafts were considered by many surgeons to be the
valve conduit of choice for replacement of the pul-
monary valve and adjacent artery, because they have
technical and hemodynamic advantages over alterna-
tive prosthetic valved conduits.3,4 As the Ross proce-
dure has gained popularity, the use of the pulmonary
homograft to replace the pulmonary valve in this pa-
tient population has also risen. The pulmonary homo-
graft appears to be more durable than the aortic ho-
mograft, which was used in our case in the pulmonary
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Figure 3. Angiography (LAO 0o, Cranial 30o) before (A) and after stenting of the homograft (B).

Figure 4. Transthoracic echocardiogram 2D- (A) and continuous-wave Doppler(B) in short axis parasternal view after stenting of the  ho-
mograft, confirming significant improvement in the homograft’s lumen and an impressive decrease in peak systolic gradient across it. 
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position. One study5 showed that freedom from ho-
mograft dysfunction at 8 years was 80% for pulmonary
homografts versus 56% for aortic homografts.

Carr-White et al demonstrated that in patients who
undergo the Ross procedure, evolving pulmonary ho-
mograft stenosis is an uncommon but clinically impor-
tant problem.6 Freedom from any pulmonary homograft
stenosis at 7-year follow-up was 79.7%, with instanta-
neous hazard falling to zero after 4 years. Freedom from
reoperation at 7 years was 96.7%. Multivariate analysis
of patient-, surgery-, and homograft-related variables
did not reveal any significant risk factors for develop-
ment of pulmonary homograft stenosis. The operative
and histological findings, in combination with MRA im-
ages, suggested that the underlying mechanism of ho-
mograft failure was predominantly inflammatory in na-
ture, as granulomatous tissue was seen encircling the ho-
mograft. This reaction may be immunologically mediat-
ed in a manner similar to that seen in chronic reaction
and leads to extrinsic compression and/or shrinkage.7

Carr-White et al highlighted the fact that follow up of
pulmonary homograft function is critically important in
the first two years after surgery, and where possible,
those with echocardiographic gradients should undergo
MRA.6

Experience in stenting of stenosed homografts is
limited worldwide.8,9 Despite this we referred our pa-
tient for a percutaneous intervention, recognizing the
well-known advantages of this non-surgical interven-
tional procedure in treating lesions of other major ar-
teries and respecting the patient’s will. There is no ex-
perience in stenting of the valvar part of calcified and fi-
brotic homografts. As the risk of major complications,
including pulmonary artery perforation and severe pul-
monary valve incompetence post stenting is high, reop-
eration remains the treatment of choice regarding this
type of old and severely diseased valved homograft.

Taking into consideration the low flow across the
pulmonary artery and the risk of stent thrombosis after
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stenting of other major arteries, a dual antiplatelet ther-
apy consisting of aspirin and clopidogrel was recom-
mended for at least one month after stenting of the ho-
mograft.

In conclusion, stenosis of the homograft can be a
significant problem following the Ross procedure. The
predominant mechanism is inflammatory, although the
precise details are unclear. Follow up of homograft
function is critically important in the first two years af-
ter surgery. Direct stenting of the homograft lesion in-
stead of reoperation is an attractive alternative but the
long-term results are still unpredictable.
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