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Introduction

Patients with aortic valve disease may
frequently present with associated patholo-
gy of the aortic root and ascending aorta.
For many years aortic homografts and me-
chanical conduits have played an important
role in the treatment of combined disease of
the aortic valve and ascending aorta. How-
ever, the limited availability of aortic ho-
mografts is still a major issue in many cen-
ters while, in an increasingly aging popula-
tion, mechanical prostheses may be con-
traindicated. Stentless bioprostheses have
been extensively used for isolated aortic
valve replacement (AVR) yielding hemo-
dynamic results that parallel those obtained
with aortic homografts1,2. The long-term
durability of biological valves is still a mat-
ter of concern but in the currently available
models improved methods of tissue preser-
vation and new anticalcification treatments

may provide a solution to this problem. For
this reason as well as due to the ease of ob-
taining different sizes, the use of stentless
xenografts should not be taken into consid-
eration only for isolated AVR but, as
demonstrated by our experience detailed in
the present report, also for more complex
pathologies of the aortic root including
acute type A dissection.

Methods

Patient data. Between January 1998 and
July 2002, a total of 91 patients underwent
simultaneous AVR and replacement of the
ascending aorta at our Institution using an
Edwards Prima stentless valve (EPSV)
(Baxter Healthcare Corp., Edwards CVS
Division, Irvine, CA, USA) and the mini-
root (or inclusion) technique. There were
56 males and 35 females with a mean age
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Background. The Edwards Prima stentless valve (EPSV) is a bioprosthesis made of the porcine
aortic root which, owing to its versatility, may be implanted with different techniques depending on
the underlying disease. The aim of this study was to demonstrate the usefulness of the EPSV im-
planted as a miniroot in patients with disease of the aortic valve and ascending aorta.

Methods. Between January 1998 and July 2002, 91 patients (mean age 67 ± 7 years) underwent
combined replacement of the aortic valve and ascending aorta with an EPSV for aortic stenosis (n =
12), incompetence (n = 45) or mixed disease (n = 26); all had aneurysmal dilation of the ascending aor-
ta and 8 had an acute aortic dissection. The EPSV was implanted using the miniroot (or inclusion)
technique and by extending the aorta with a tubular graft; aortic arch replacement was required in
5 patients. Hospital survivors underwent clinical and echocardiographic follow-up at 6 and 12 months
and yearly thereafter.

Results. The hospital mortality was 11% (10 patients). Causes of death included stroke (n = 3), sep-
tic shock (n = 3), myocardial infarction (n = 2), and low output syndrome (n = 2). The mean follow-up
of the 81 discharged patients was 16 ± 13 months and was 100% complete; there were 6 late deaths
due to non-cardiac causes. All patients presented with clinical improvement (95% are in NYHA func-
tional class I) with low transvalvular gradients and significant regression of left ventricular hyper-
trophy at two-dimensional echocardiography.

Conclusions. The EPSV used as a miniroot has proved to be a valid option in patients requiring si-
multaneous replacement of the aortic valve and ascending aorta. Due to the limited information avail-
able on the long-term fate of the porcine aortic valve and root, the use of this device as a miniroot
should presently be limited to elderly patients.
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of 67 ± 7 years (range 45-85 years); the youngest pa-
tient was a 45-year-old male with acute type A aortic
dissection refusing a mechanical conduit because of the
need for chronic anticoagulation. The primary valve le-
sion was aortic stenosis in 12 patients (13%), aortic re-
gurgitation in 45 (49%), and mixed disease in 26 (29%)
while 8 (9%) presented with acute type A aortic dissec-
tion and severe aortic regurgitation. Associated surgical
procedures were coronary artery bypass grafting in 23
patients, aortic arch replacement in 5, and mitral valve
repair in 1; 70% of the patients were in NYHA class III
or IV. Emergency surgery was performed in 8 cases
(9%) while 30 patients (33%) required an urgent proce-
dure (Table I).

Surgical technique. All patients had AVR with an
EPSV which is a glutaraldehyde-treated bioprosthesis
consisting of a porcine aortic root cylinder with the
coronary ostia cut and a cover of Dacron cloth at the
proximal rim to facilitate placement of the inflow su-
tures.

All operations were performed through a standard
median sternotomy with moderately hypothermic car-
diopulmonary bypass. Deep hypothermia was only
used when circulatory arrest was needed for type A aor-
tic dissection and/or concomitant arch replacement; in
such cases the method described by Kazui et al.3 was
used for selective antegrade cerebral perfusion (5 pa-
tients). Cardiac arrest was induced by infusion of cold
crystalloid retrograde cardioplegia.

The EPSV was implanted using the miniroot (inclu-
sion) technique as described by Konertz et al.4 and by
Westaby et al.5 and resorting to personal modifications
when necessary. In this technique the aorta is transect-
ed just above the sinotubular junction, the aortic valve
is excised and careful debridement of the annulus is
performed to remove any calcific deposit. The diameter
of the annulus and sinotubular junction is then sized
with appropriate obturators. The inflow rim suture line
is performed with a running 4.0 polypropylene suture
starting below the commissure between the left and

right coronary sinuses and continuing clockwise and
anticlockwise toward the coronary sinus. The native
coronary ostia are directly connected to the precut
holes of the porcine aortic cylinder with a continuous
4/0 prolene suture and the upper edge of the valve is su-
tured to the aortotomy with another running suture of
the same material. When using the EPSV for combined
AVR and replacement of the ascending aorta, it is nec-
essary to extend the porcine aortic root. This is
achieved by interposition of an adequately tailored vas-
cular graft (Figs. 1 and 2). If coronary artery bypass
grafting is required, the distal anastomoses are com-
pleted before implantation of the aortic prosthesis.

The mean bypass time was 212 ± 94 min in patients
requiring AVR and replacement of the ascending aorta
and 245 ± 98 min in those with concomitant coronary
artery revascularization; it was 240 ± 105 min in pa-
tients undergoing aortic arch replacement who required
a mean circulatory arrest time of 29 ± 24 min.
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Table I. Patient characteristics.

No. patients 91
Age (years) 67 ± 7

Range 45-85
Gender (male) 56 (61.5%)
Body surface area (m2) 1.74 ± 0.20

Range 1.40-2.30
NYHA class 2.9 ± 0.6

Range 2-4
Aortic stenosis 12 (13%)
Aortic regurgitation 45 (49%)
Mixed aortic lesion 26 (29%)
Type A aortic dissection 8 (9%)
Associated lesions 29 (32%)
Emergency procedures 8 (9%)
Urgent procedures 30 (33%)

Figure 1. Aortic valve replacement with the Edwards Prima stentless
bioprosthesis. View of the completed right coronary ostium anastomosis
(arrow).

Figure 2. Aortic valve replacement with the Edwards Prima stentless
bioprosthesis. Extension with a segment of Dacron graft for simultane-
ous repair of the aneurysmal ascending aorta.



Oral anticoagulation was usually started on the first
postoperative day and suspended after 2 months while
it was maintained in patients with chronic atrial fibril-
lation. The routine use of antiplatelet drugs was con-
fined to those patients with associated carotid or coro-
nary lesions.

Follow-up. Direct patient follow-up clinical assess-
ments were planned at 6 and 12 months after surgery
and subsequently at yearly intervals. Those patients
who were unable to attend our outpatient clinic were
traced by phone interviews. During each follow-up vis-
it, information on the clinical status was obtained and
the rate and type of postoperative complications were
assessed; the definition of such complications was
based on recently recommended guidelines6. A two-di-
mensional transthoracic echocardiographic evaluation
was scheduled at each follow-up interval and data were
compared with those obtained at discharge. Patient fol-
low-up was performed between July and November
2002 and was 100% complete.

Statistical analysis. Continuous variables are ex-
pressed as mean ± SD while categorical variables are
expressed as percentages. Comparison of continuous
data was performed using the two-tailed Student’s t-test
for paired data. Time-related events were described us-
ing the Kaplan-Meier estimate; a p value < 0.05 was
considered as statistically significant.

Results

Early results. There were 10 early deaths with an
overall hospital mortality of 11%. Three patients died
of stroke, 3 of septic shock (2 of these were subjected
to redo surgery for bacterial endocarditis s/p Bentall
operation), 2 of acute myocardial infarction (both el-
derly patients with aortic stenosis and diffuse coronary
artery disease), and 2 of low output syndrome. Major
non-fatal postoperative complications were chest re-ex-
ploration for bleeding in 8 patients (9%), atrioventricu-
lar block in 4 (4%), sternal infection in 4 (4%), stroke
in 2 (2%), and prolonged mechanical ventilation in 2
(2%). A total of 81 patients were discharged after a
mean hospital stay of 9 ± 3 days (range 6-30 days). 

Late results. Hospital survivors were followed for a
period ranging from 1 to 48 months (mean follow-up
16 ± 13 months). There were 6 late deaths (7%), all due
to non-cardiac causes: 3 patients died of malignancy, 1
of stroke, 1 of bowel ischemia, and 1 of trauma.

Neither prosthesis-related complications nor in-
stances of valve failure of the stentless xenograft were
observed during the follow-up interval and no reopera-
tions were required. In all survivors a significant clini-
cal improvement was recorded (95% of them are cur-
rently in NYHA functional class I).

All survivors were submitted to echocardiography
at 6 and 12 months and the data so obtained were com-
pared with those obtained at discharge (Table II).

The actuarial survival is shown in figures 3 and 4.

Discussion

Elderly patients with aortic valve disease, particu-
larly those with severely calcified aortic stenosis, are
currently being increasingly referred for AVR. It is well
established that this patient population would greatly
benefit from the routine use of bioprostheses. In fact, it
has been shown that structural deterioration of tissue
valves implanted in the elderly is a virtually non-exis-
tent complication, the likelihood that such patients may
outlive their prosthesis being extremely low5,7,8. Fur-
thermore, the possibility of avoiding oral anticoagu-
lants is another compelling argument in favor of the use
of bioprostheses in the elderly. However, stented bio-
prostheses may be associated with residual gradients
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Table II. Echocardiographic data.

Discharge 6 months 12 months

Mean �p (mmHg) 14 ± 5 12 ± 3 10 ± 6
LVOTd (cm) 1.8 ± 0.1 1.9 ± 0.3 2.5 ± 3.1
LVIDd (cm) 4.9 ± 0.08 5.1 ± 0.8 5.1 ± 0.8
LVIDs (cm) 3.6 ± 1 3.4 ± 0.8 3 ± 0.1
PWd (cm) 1.2 ± 0.02 1.1 ± 0.03 1.2 ± 0.2
Isd (cm) 1.3 ± 1 1.2 ± 0.2 1.3 ± 0.2

d = diastolic; Is = interventricular septum; LVID = left ventricu-
lar internal diameter; LVOT = left ventricular outflow tract; PW
= posterior wall; s = systolic. �p = transvalvular gradient.

Figure 3. Actuarial survival.



especially when small sizes are used. Such sizes are of-
ten employed in old patients with aortic stenosis and a
small aortic annulus; this would unfortunately lead to
an incomplete regression of left ventricular hypertro-
phy and occasionally to a suboptimal functional result. 

Stentless bioprostheses provide an excellent hemo-
dynamic performance with a faster resolution of left
ventricular hypertrophy following AVR and an expec-
tation of an improved durability owing to new bio-
chemical treatments aimed at mitigating tissue calcifi-
cation. Due to their superior flow characteristics, par-
ticularly for small prostheses, coupled with the above-
mentioned advantages of any tissue valve, stentless bio-
prostheses may therefore be considered as ideal valve
substitutes for an elderly cohort of patients. 

The management of concomitant disease of the aor-
tic root and ascending aorta in patients with aortic valve
pathology may be at times a therapeutic challenge. Pa-
tients with long-lasting aortic stenosis may often pre-
sent with associated post-stenotic dilation of the aorta
showing an evident discrepancy between the size of the
annulus and the dimensions of the sinotubular junction.
Atherosclerotic aneurysms may also be found in elder-
ly patients with aortic valve disease while acute dissec-
tion may cause severe aortic regurgitation; in both in-
stances, a combined approach with AVR and replace-
ment of the ascending aorta may be unavoidable.

In all such situations we have found it advantageous
to employ the EPSV implanted as a miniroot with ex-
tension of the porcine aorta by interposition of a vascu-
lar graft. Our early data, based on serial and detailed
clinical and echocardiographic follow-up studies, indi-
cate that the EPSV used for combined AVR and re-
placement of the ascending aorta provides excellent re-

sults as witnessed by the clear-cut improvement in the
clinical status of the vast majority of patients and by the
effectiveness of the hemodynamic performance of this
device8-12. Indeed, the very low transvalvular gradients
observed in this series translate into a fast improvement
of left ventricular hypertrophy and evident clinical ben-
efit also favored by a low incidence of valve-related
complications. 

The implantation method we have described is safe,
reproducible, effective, and is not influenced by the
variability of the aortic root diameter. Furthermore, it
does not significantly increase the operative time when
compared to other more conventional techniques, it is
associated with a low incidence of bleeding complica-
tions13,14 and may be easily applied in case of emer-
gency situations such as acute type A aortic dissec-
tion.Finally, since the incidence and mode of failure of
such structures is still uncertain, concerns regarding the
fate of both the porcine valve and wall in the long-term
may still be valid. Anticalcification treatments might
not eliminate late dystrophic calcification neither of the
porcine valvular cusps nor of the aortic wall rendering
reoperation in such patients particularly cumbersome if
not more dangerous. For these reasons, we also believe
that at present stentless bioprostheses used as an aortic
conduit should be confined as much as possible to el-
derly patients in whom the chances of late reoperation
are quite small15-20.

In summary, our experience with concomitant AVR
and replacement of the ascending aorta shows that the
EPSV implanted with the miniroot (or inclusion) tech-
nique may yield excellent clinical and hemodynamic
results. On the basis of these considerations we cur-
rently consider it as the bioprosthesis of choice when
combined AVR and replacement of the ascending aorta
is required in elderly patients. The implantation method
that we have described is reproducible and safe. Its ef-
fectiveness is due to the possibility of accommodating
the variability in the aortic root diameter. Besides, the
inclusion technique does not prolong the operative time
and reduces the risk of bleeding; it is easily applicable
to emergency interventions such as type A acute aortic
dissection. Three “non-conclusions” or dilemmas: how
will these prostheses degenerate? will the porcine aor-
tic wall calcify? will redo surgery be more complicat-
ed? will it present a higher risk for the patient?
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