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Introduction

Cryopreserved homograft is currently
considered an excellent choice for the re-
placement of the diseased aortic valve in
adults1-3. It does not necessitate anticoagu-
lation, has excellent hemodynamics, is re-
sistant to infection, and has a negligible in-
cidence of acute failure4. The cryopre-
served homograft is particularly useful in
patients with extensive endocarditis4-6. It is
a relatively simple, easily reproducible op-
eration both when used as a subcoronary
implant and as a root replacement7. 

O’Brien et al.8 developed the technique
currently used for homograft cryopreser-
vation, and rendered it readily available
for use by many surgeons. This technique
has resulted in significant improvements
in long-term performance of the homo-
graft valves, because of the preserved via-

bility of the component cells of the homo-
graft9.

The purpose of this article was to ana-
lyze, by means of a mid-term clinical and
echocardiographic functional evaluation,
our single institution experience with the
cryopreserved aortic homograft used for
aortic replacement.

Methods

Patient profile. Between December 1996
and September 2003, 46 consecutive pa-
tients underwent aortic valve replacement
(AVR) alone or associated with aortic root
replacement either using an aortic or pul-
monary homograft. Twenty-seven patients
(58.7%) underwent concomitant coronary
artery bypass grafting and mitral opera-
tions. They represented 4.3% of all the aor-
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Background. Cryopreserved homograft is currently considered an excellent choice for the re-
placement of a diseased aortic valve in adults and it is the first choice for 1 with aortic endocarditis.
The aim of this study was to analyze our single institution experience with the cryopreserved aortic
homograft by a mid-term follow-up.

Methods. Between December 1996 and September 2003, 46 consecutive patients underwent aortic
valve replacement using either aortic or pulmonary homograft. The risk profile was moderate-to-
high, with a mean log EuroSCORE of 6.33 ± 5.12. All patients were periodically evaluated at dis-
charge, at 6 and 12 months, and yearly thereafter, to assess their clinical status and hemodynamic per-
formance by comparing the ejection fraction, left ventricular mass index, mean gradient, effective
orifice area index, and diastolic and systolic eccentricity indexes.

Results. The overall 30-day mortality was 4.3%. At univariate analysis, the significant determi-
nants of in-hospital mortality were: aortic dissection (p < 0.001), urgent operation (p = 0.05) and a log
EuroSCORE > 10 (p = 0.05). At multivariate analysis no independent predictors of in-hospital mor-
tality were found. At 5 years of follow-up, the survival was 91.3 ± 5.0%, the freedom from reopera-
tion was 95.8 ± 4.1%, the freedom from sudden death was 96.1 ± 3.9%, and the freedom from read-
mission for congestive heart failure was 94.1 ± 3.1%. In patients with either prevalent aortic valve
stenosis or prevalent aortic valve insufficiency, a significant improvement in the preoperative ejection
fraction during follow-up (49 ± 4 vs 51 ± 7%; F = 5.1, p = 0.04 and 50 ± 10 vs 53 ± 10%; F = 7.1, p =
0.01 respectively) and a significant reduction in the preoperative left ventricular mass index during
follow-up (202 ± 55 vs 143 ± 28 g/m2; F = 7.5, p = 0.008 and 177 ± 49 vs 138 ± 24 g/m2; F = 8.8, p
< 0.001) were recorded. 

Conclusions. Replacement of the diseased aortic valve with a cryopreserved homograft offers clear
advantages in terms of excellent hemodynamics, resistance to infection, and a negligible incidence of
postoperative regurgitation.
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tic procedures performed in our department. The main
preoperative characteristics of the patients are summa-
rized in table I.

The inclusion criteria for replacement of the dis-
eased aortic valve with a cryopreserved homograft
were endocarditis, younger and active patients, patients
with a small aortic annulus, patient’s request and ho-
mograft availability.

Homograft data. Aortic homograft valves were har-
vested under sterile conditions from cardiac transplant
recipients and from beating heart or non-beating heart
donors aged between 18 and 65 years. Harvesting of the
heart was performed within 12 hours of circulatory ar-
rest. After harvesting, the valves were decontaminated
by incubation in medium with an antibiotic mixture for
5 hours at 37°C. Thereafter, valves were cryopreserved
in medium containing 10% dimethylsulfoxide frozen at
a controlled rate of -1°C/min up to -100°C and stored
on the vapor of liquid nitrogen (-150 to -196°C). All tis-
sues were cryopreserved within 50 hours of circulatory
arrest of the donor. All donors were seronegative for
human immunodeficiency virus, hepatitis B surface
and core antigen, Cytomegalovirus or Treponema pal-
lidum. For implantation, ABO compatibility was not re-
quired.

Surgical technique. All operations were performed
through a standard median sternotomy under moder-
ately hypothermic cardiopulmonary bypass. Myocar-
dial protection was achieved with injection of cold
blood cardioplegia into the aortic root or coronary ostia
and retrograde cardioplegia through the coronary sinus. 

In case of subcoronary insertion, the aorta was tran-
sected about 1 cm above the coronary orifices and the

original valve, including all calcific or inflammatory
remnants, was completely excised. The annulus and the
sino-tubular junction were measured. The homograft
was trimmed of all its attached right ventricular muscle
and scalloped close to the base of the cups. Three pri-
mary interrupted (4-0) sutures were passed through the
nadir of the excised cusp remnants and back through the
corresponding area of the homograft. Each of the three
triangulated segments was similarly attached with ap-
proximately 7 to 10 interrupted 4-0 sutures. The homo-
graft commissures were hitched up well at least 1 cm
above the position of the excised commissural remnants
of the aorta. Finally, the edges of the excised homograft
sinuses were oversewn with a 4-0 continuous suture, in-
cluding the margin of the intact sinus. The non-coronary
sinus was retained and the underlying potential dead
space was obliterated with interrupted sutures.

In case of aortic root replacement, the technique
used was that described by Somerville and Ross10. 

The operative patient profile is described in table II.
The sizes of the aortic homografts implanted are shown
in figure 1.

Definitions of endpoints. Valve degeneration was de-
fined according to the criteria published by Yacoub et
al.11 and includes severe regurgitation or stenosis of the
aortic homograft as assessed by echocardiographic,
clinical, operative, or post-mortem evidence and reop-
erations. This excludes endocarditis-related valve fail-
ure and reoperations. 

Late survival represents survival from the date of
hospital discharge and includes all late deaths due to
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Table I. Preoperative patient profile.

No. patients 46
Females 8 (17.4%)
Age (years) 47 ± 17 (19-80)
Body surface area (m2) 1.82 ± 0.18 (1.40-2.14)
Log EuroSCORE 6.33 ± 5.12 (1.51-29.77)
Atrial fibrillation 2 (4.3%)
NYHA class 2.13 ± 0.90 (1-4)

II 21 (45.6%)
III 10 (21.7%)
IV 3 (6.5%)

Valve lesion
Stenosis 7 (15.2%)
Regurgitation 32 (69.6%)
Stenosis and regurgitation 7 (15.2%)

Valve pathology
Endocarditis 12 (26.1%)
Myxomatous degeneration 11 (23.9%)
Calcific degeneration 10 (21.7%)
Aortic aneurysm or dissection 7 (15.2%)
Rheumatic 3 (6.5%)
Bicuspid 2 (4.4%)
Prosthesis degeneration 1 (2.2%)

Table II. Operative patient profile.

Subcoronary technique 21 (45.6%)
Root technique 25 (54.3%)
Urgent operation 5 (10.9%)
Reoperation 7 (15.2%)
Associated procedures 27 (58.7%)

Mitral valve replacement 3 (6.5%)
Mitral valve repair 3 (6.5%)
Coronary artery bypass grafting 4 (8.7%)
Ascendant aortic replacement 16 (34.8%)
Other 1 (2.2%)

Figure 1. Summary of homograft sizes according to the technique used
for implantation.



any cause; early mortality is excluded. Valve-related
morbidity and mortality include valve degeneration
plus all valve-related deaths and sudden deaths, all re-
operations (including those relating to endocarditis),
and all other valve-related complications12. Freedom
from reoperation includes all reoperations on the aortic
homograft. 

Data collection and follow-up. All patients were peri-
odically evaluated at our department at discharge, at 6
and 12 months, and yearly thereafter to assess the clin-
ical status and type and frequency of postoperative
complications, which were evaluated in accordance
with the recently revised guidelines12. At each postop-
erative interval, transthoracic two-dimensional color
Doppler echocardiographic studies were also obtained.
Color Doppler echocardiography was performed with a
Vingmed CFM 800 system (Vingmed Sound A/S, Oslo,
Norway) equipped with a 2.5 MHz transducer. Stan-
dard M-mode and two-dimensional measurements
were collected according to the criteria of the American
Society of Echocardiography13. All Doppler measure-
ments were obtained by averaging more than 3 cycles
in patients with sinus rhythm or more than 5 cycles in
those with atrial fibrillation. From the data obtained
with the pulsed-wave and continuous-wave Doppler
recordings, we calculated the peak and mean gradient
across the prosthesis (using the long form of the modi-
fied Bernoulli equation), the effective orifice area index
(EOAi), the left ventricular mass index (LVMi) using
Devereux and Reichek’s formula14 and the diastolic and
systolic eccentricity indexes (DEi and SEi). Homograft
regurgitation was assessed during follow-up either clin-
ically (diastolic murmur) or by means of transthoracic
echocardiography with color flow.

Statistical analysis. Data are presented as mean ± SD
and as percentages. The overall survival and freedom
from valve-related complications and cardiac events
were determined by Kaplan-Meier analysis and ex-
pressed as the percentage of patients who were event-
free ± SE. The linearized rate of postoperative compli-
cations was expressed as percent per year ± SE. 

All the variables listed in tables I and II were inves-
tigated for their association with hospital death, overall
death, valve-related complications, sudden death, and
with cardiac events at univariate analysis. The Stu-
dent’s t-test or Wilcoxon test was used for continuous
data and the �2 or Fisher’s test for discrete variables, as
appropriate. All variables with a p value < 0.10 at uni-
variate analysis were entered in the multivariate analy-
sis. Predictors of hospital mortality were identified by
means of a logistic regression with forward selection
and with a selection cut-off set at 0.05. Predictors of
events during follow-up were identified by means of
Cox’s proportional hazards regression with a Z-value
cut-off set at 2.0. The mean values of mean gradients,
EOAi, DEi, SEi and LVMi at discharge, at 6 months,

and at the last follow-up (> 1 year) are also provided.
Two-factor repeated measures analysis of variance
(ANOVA) with the Bonferroni’s multiple comparison
test was used to assess the influence of time on the
mean gradients, EOAi, DEi, SEi and LVMi. The alpha
value for the Bonferroni test was set at 0.05. Data
analysis was performed with the NCSS 2000 software
(Statistical Solutions Ltd, Cork, Ireland). 

Results

In-hospital outcome. The overall 30-day mortality
was 4.3%, 4.1% being the in-hospital mortality for all
aortic procedures performed in our department in the
same period of time. Causes of in-hospital mortality
were a low output syndrome in 1 patient and a major
neurological event (coma) in another patient. Three pa-
tients (6.5%) required reoperation for bleeding. Atrial
fibrillation was recorded in 6 patients (13.0%). New re-
nal failure, which was censored for preoperative renal
failure and defined as a rise in the serum creatinine lev-
el > 2 mg/dl postoperatively, was recorded in 2 patients
(4.3%). One (2.2%) patient had a major neurological
complication. A low output syndrome and an adult res-
piratory distress syndrome were recorded in 3 (6.5%)
and in 1 (2.2%) patient respectively. In 1 patient (2.2%)
minor wound infections were treated with surgical de-
bridement and vacuum-assisted closure. The operation-
to-discharge length of stay was 15 ± 8 days.

At univariate analysis, the significant determinants
of in-hospital mortality were: aortic dissection (p
< 0.001), urgent operation (p = 0.05) and a higher log
EuroSCORE (p = 0.05). At multivariate analysis no in-
dependent predictors of in-hospital mortality were
found.

Follow-up. The follow-up of hospital survivors (44
patients) was 100% complete at a mean follow-up of
2.8 ± 2.1 years (range 4 days to 85.8 months), for a to-
tal follow-up of 127 patient-years. There are 41 cur-
rent survivors and their mean follow-up is 3.0 ± 2.2
years. 

There were 3 late deaths. The causes of late death
were congestive heart failure in 2 patients and sudden
death in 1 patient. The linearized rate of overall death,
including hospital deaths, was 3.9 ± 1.8%/year. The ac-
tuarial survival at 60 months was 91.3 ± 5.0% (Fig. 2).

One patient needed late reoperation 25 months after
the initial AVR. The cause was paravalvular leakage. To
date, no reoperation for structural valve degeneration
has been recorded. The freedom from reoperation was
95.8 ± 4.1% (Fig. 3) and the linearized rate was 0.8 ±
0.8%/year. 

Two patients needed readmission for congestive
heart failure after 3.5 and 12.3 months respectively. The
freedom from congestive heart failure was 94.1 ± 3.1%
(Fig. 3) and the linearized rate was 1.6 ± 1.1%/year.

A D’Alfonso et al - Aortic homograft

455



Among 12 (27.3%) hospital survivors with either
native or prosthetic acute valve endocarditis at the time
of their homograft insertion, none had recurrent endo-
carditis.

At univariate analysis, the significant determinants
of the overall mortality at follow-up were: aortic dis-
section (p < 0.001), prosthesis degeneration (p =
0.004), a higher log EuroSCORE (p = 0.05) and old age
(p = 0.04). At multivariate analysis, no independent
predictors of the overall mortality were found.

At univariate analysis, the significant determinants
of sudden death at follow-up were: female sex (p =
0.03), prosthesis degeneration (p < 0.001) and reopera-
tion (p = 0.02). At multivariate analysis no independent
predictors of sudden death were found.

The significant determinants of cardiac events (con-
gestive heart failure, angina and myocardial infarction)
at univariate analysis were: old age (p = 0.02), a higher
log EuroSCORE (p = 0.02) and endocarditis (p = 0.01).
At multivariate analysis, no independent predictors of
cardiac events were found.

At univariate analysis, no significant determinants
of valve-related complications were found.

Hemodynamic data. In patients with severe or preva-
lent aortic valve stenosis, the mean ejection fraction

was 49 ± 4% preoperatively, 51 ± 3% at discharge, 51
± 7% at 6 months, and 51 ± 1% at the last follow-up
(Fig. 4). At repeated measures ANOVA, a significant
improvement between the preoperative vs 6-month
ejection fraction (F = 5.1, p = 0.04) was recorded. The
mean gradients were 56 ± 9 mmHg preoperatively, 7 ±
3 mmHg at discharge, 4 ± 3 mmHg at 6 months, and 4
± 1 mmHg at the last follow-up (Fig. 5); EOAi was 0.74
± 0.31 cm2/m2 preoperatively, 3.17 ± 0.25 cm2/m2 at
discharge, 2.79 ± 0.46 cm2/m2 at 6 months, and 3.04 ±
0.23 cm2/m2 at the last follow-up (Fig. 6). DEi and DSi
were 0.63 ± 0.02 and 0.51 ± 0.03 mm preoperatively,
0.67 ± 0.07 and 0.53 ± 0.06 mm at discharge, 0.64 ±
0.08 and 0.50 ± 0.05 mm at 6 months, and 0.63 ± 0.07
and 0.48 ± 0.05 mm at the last follow-up (Fig. 7). At re-
peated measures ANOVA, patients with severe or
prevalent aortic valve stenosis did not show a signifi-
cant variation of the investigated variables during fol-
low-up. 

In patients with severe or prevalent aortic valve in-
sufficiency, the mean ejection fraction was 50 ± 10, 48
± 6, 51 ± 7, and 53 ± 5% preoperatively, at discharge,
at 6 months, and at the last follow-up respectively (Fig.
4). At repeated measures ANOVA, a significant im-
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Figure 2. Overall survival at 60 months of follow-up (early mortality has
been excluded). 

Figure 3. Freedom from reoperation, congestive heart failure (CHF) and
sudden death at 60 months of follow-up.

Figure 4. Left ventricular ejection fraction (LVEF) preoperatively, at
discharge, 6-month and last follow-up (1 year).

Figure 5. Mean aortic gradient in patients with prevalent aortic valve
stenosis preoperatively, at discharge, 6-month and last follow-up (1
year).



provement between the discharge vs last follow-up
ejection fraction was found (F = 7.1, p = 0.01). DEi and
DSi were 0.66 ± 0.08 and 0.48 ± 0.07 mm preopera-
tively, 0.67 ± 0.06 and 0.53 ± 0.08 mm at discharge,
0.63 ± 0.04 and 0.49 ± 0.07 mm at 6 months, and 0.63
± 0.04 and 0.47 ± 0.04 mm at the last follow-up (Fig.
7). At repeated measures ANOVA, patients with severe
or prevalent aortic valve stenosis showed a significant
variation in SEi during follow-up (F = 3.4, p = 0.05)
with a significant difference between the discharge vs
last follow-up values (F = 6.1, p = 0.02).

Among the 44 hospital survivors, 2 patients had
grade 2 (mild) aortic regurgitation during follow-up.
The others had grade 0 or grade 1 (trivial) aortic regur-
gitation.

Regression of left ventricular hypertrophy. In pa-
tients with severe or prevalent aortic valve stenosis,
LVMi decreased from 202 ± 55 g/m2 preoperatively to
190 ± 43 g/m2 at discharge, 141 ± 25 g/m2 at 6 months,
and 143 ± 28 g/m2 at last follow-up (Fig. 8). By repeat-
ed measures ANOVA, a significant reduction of preop-
erative LVMi during follow-up (F = 7.5, p = 0.008) was
recorded, with significant differences between preoper-
ative vs discharge, 6 months, and last follow-up LVMi

(p = 0.01) and discharge vs 6-month and last follow-up
LVMi (p = 0.04) at the Bonferroni analysis.

In patients with severe or prevalent aortic valve in-
sufficiency, the LVMi decreased from 177 ± 49 g/m2

preoperatively to 165 ± 32 g/m2 at discharge, 145 ± 31
g/m2 at 6 months, and 138 ± 24 g/m2 at the last follow-
up (Fig. 8). At repeated measures ANOVA, a significant
reduction in the preoperative LVMi was recorded dur-
ing follow-up (F = 8.8, p < 0.001), with significant dif-
ferences between the preoperative vs discharge, 6-
month, and last follow-up LVMi (p = 0.02) and be-
tween the discharge vs 6-month and last follow-up
LVMi (p = 0.03) at Bonferroni analysis. 

Discussion

Homografts have been used experimentally and
clinically as aortic valve substitutes for more than 30
years7,11,15. Many of the reasons that led to their enthu-
siastic embrace in the 1960s and 1970s are equally rel-
evant today: resistance to infection, excellent hemody-
namics and paucity of valve-related complications. The
limitations to their universal acceptance, such as limit-
ed availability and failure due to technical error, have
largely been overcome by improved methods of har-
vesting and preservation in homograft banks16,17 and by
improved surgical technique3,18,19. A major advantage
of the homograft as an aortic valve substitute is the
restoration of blood flow in the aortic root, sinuses, and
coronary ostia to normal or near normal levels. 

The normal aortic valve is a highly complex and so-
phisticated structure that starts opening and closing be-
fore the hemodynamic events20. The hemodynamic ad-
vantage translates into pressure gradients across homo-
grafts, which are usually negligible and significantly
lower than the gradients across stented xenografts and
modern disc valves21,22. As a result, the impact is a more
complete regression of left ventricular hypertrophy af-
ter a successful AVR with a homograft21. Complete re-
gression of hypertrophy is a main factor in keeping the
left ventricle well functioning in the long term23. The
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Figure 6. Effective orifice area index (EOAi) in patients with prevalent
aortic stenosis preoperatively, at discharge, 6-month and last follow-up
(1 year).

Figure 7. Diastolic and systolic eccentricity indexes preoperatively, at discharge, 6-month and last follow-up (1 year).



latter may be an important determinant of long-term
survival24. Therefore, the current interest in stentless
xenografts in general and in particular for patients with
a small aortic root is understandable, especially in view
of the limited availability of homografts. 

A first concern regarding homograft AVR is the
more complex implantation technique compared with
those needed for stented xenografts or mechanical
valves. However, the present early mortality compares
favorably with results of numerous published AVR se-
ries. Furthermore, we identified widely known risk fac-
tors for early mortality, in terms of both associated sur-
gical procedures and patient-related factors. Notably, in
our study a full root replacement with reimplantation of
the coronary arteries did not entail increased risk. The
fact that hospital survivors with active native or pros-
thetic valve endocarditis at the time of their homograft
insertion were free from recurrent endocarditis indi-
cates that homograft is resistant to infection and a 5-
year freedom from infection of 100% after homograft
AVR strongly supports that notion. 

The main drawback of homografts and of any other
biologic valves is their limited durability. It is important
to emphasize that the length of follow-up may have a
profound influence on the estimated freedoms from pri-
mary tissue failure. Primary tissue failure is not a triv-
ial complication, and any measure that may reduce its
incidence is strongly recommended. McGiffin25 de-
fined the interrelationship between overlapping mecha-
nisms of homograft valve failure influenced by known
risk factors, e.g., younger recipient age, older donor
age, larger aortic root diameter, insertion technique,
and valve preservation technique. All attempts should
be made to reduce these risk factors as much as possi-
ble. Older homografts should be not used in younger
patients, large aortic roots should be reduced to avoid
the use of large homografts, and all homografts should
be implanted as one functional unit. To date, we have
had no evidence of structural valve degeneration but
this could be due to the relatively short period of fol-
low-up.

Echocardiographic studies have shown a lower inci-
dence of aortic regurgitation after root replacement
than after subcoronary implantation of human tissue
valves26,27. In our series, the initial echocardiographic
data and those obtained during follow-up were not sug-
gestive of any obvious progression of the degree of in-
competence. Concerns remain about the potential for
late degeneration and calcification of the homograft
wall, possible coronary ostial complications and the
risk of reoperation, particularly in the presence of sig-
nificant calcification. 

During the 5-year follow-up we did not record any
significant variation in the mean gradient and effective
orifice area (Figs. 4 and 5) whereas, as shown in figures
7 and 8, a significant reduction in left ventricular hy-
pertrophy and remodeling occurred in all patients.
These results indicate that effective relief of left ven-
tricular suffering was obtained regardless of the valve
pathology. These results also indicate that all homo-
grafts provided an adequate hemodynamic perfor-
mance in each patient and that their hemodynamic
characteristics remain stable over the time.

In conclusion, although the issue of durability needs
the test of a longer follow-up, replacement of the dis-
eased aortic valve with a cryopreserved homograft of-
fers distinct advantages in terms of excellent hemody-
namics, resistance to infection and a negligible inci-
dence of postoperative regurgitation. 
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