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Abstract

OBJECTIVES: Few studies have examined the use of stentless Freestyle bioprostheses in patients with active valve endocarditis (VE). The
aim of this study was to evaluate outcomes of stentless Freestyle bioprostheses in patients undergoing full-root replacement.

METHODS: From February 2000 to June 2010, 180 patients with VE underwent cardiac surgery at our institution, of which 71 (39.5%) had
prosthetic VE. Eighteen patients underwent full-root replacement with Freestyle bioprostheses: 3 patients (16%) had native aortic VE, 14
(78%) had aortic prosthetic VE and 1 (6%) had mitral and aortic prosthetic VE. Mean age was 66.7 ± 10.1, M/F: 6/12, mean logistic
EuroSCORE 36.4 ± 21.6. Eight patients (42%) underwent concomitant procedures (two mitral valve replacements, three ascending aorta repla-
cements, one coronary artery bypass grafting (CABG), one ventricular septal disease (VSD) repair, one CABG + ascending aorta + VSD repair).

RESULTS: Two patients (11%) died in-hospital. At the median follow-up of 24 months (range 1–113 months), no death occurred and
freedom from reoperation was 87.5% (2 patients for aortic root pseudo-aneurysm at 1 and 23 months). All patients are in NYHA functional
class I and have satisfactory echocardiographic data (EF 54.3 ± 8%, peak and mean trans-prosthetic gradients 12 ± 6.7 mmHg and 7.5 ± 3.6
mmHg) with 100% freedom recurrence of VE.

CONCLUSIONS: Our experience shows that root replacement with Freestyle stentless bioprostheses in patient with VE, is associated with low
rates of early and mid-term mortality, good haemodynamic performance and low rates of valve-related morbidity as well as low recurrence
of infection.
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INTRODUCTION

Infective valve endocarditis (VE) is a serious illness associated
with significant morbidity and mortality after cardiac surgery
[1–3]. The epidemiological features of VE are changing as a result
of increasing longevity, new predisposing factors and increase in
nosocomial cases. The incidence of community-acquired native
VE ranges from 1.7 to 7 episodes per 100 000 person-years in
Western countries, and men are more often affected than
women (mean male-to-female ratio, 1.7 : 1) [4, 5]. In the setting
of prosthetic aortic VE, the incidence of infective endocarditis
varies from 0.2 to 1.4 episodes per 100 patient-years, depending
on the type of prosthetic valves implanted [6–9].

The best treatment option for patients with infective prosthet-
ic VE is surgery associated with antibiotics [2, 3]. However, surgi-
cal intervention for active prosthetic aortic VE still remains a

challenge with a high in-hospital mortality rate of 20–40%. [9].
Although many authors [2, 10–14] consider the aortic homograft
the gold standard for the treatment of infective prosthetic VE,
the new recent ESC guidelines recommend, in addition to
homograft, the xenograft root replacement for the treatment of
prosthetic VE, especially in presence of extensive aortic root de-
struction with aorto-ventricular discontinuity [3].
The Medtronic Freestyle bioprosthesis (Medtronic Inc.,

Minneapolis, MN, USA) is an intact porcine aortic root, which
has shown excellent haemodynamic results as well as good long-
term durability and low rate of valve-related morbidity [15, 16].
The Freestyle aortic root bioprosthesis can be implanted by
several surgical techniques: complete or modified subcoronary
valve replacement, root inclusion and full-root replacement [17].
Few studies have examined the use of stentless Freestyle porcine
bioprostheses as an alternative to aortic homograft in patients
with active VE [18–20]. Therefore, the aim of this study was to
evaluate postoperative outcomes of stentless Freestyle bioprosth-
eses in patients undergoing full-root replacement for active pros-
thetic or native VE.
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MATERIAL AND METHODS

Patient data

From February 2000 to June 2010, 18 patients underwent full-
root replacement with Freestyle bioprostheses. The study was
approved by the local Ethical committee and individual consent
was waived. The data collection form was entered in a local
database and includes three sections that are filled consecutively
by cardiac surgeons, anaesthetists and perfusionists involved in
the care of the patients.

The diagnosis of infective endocarditis was based on the com-
bination of blood cultures, clinical signs and symptoms accord-
ing to modified Duke criteria [3]. As suggested by the current
guidelines, the diagnosis of infective endocarditis in a patient
with a pathological murmur or a valvular prosthesis and unex-
plained fever lasting >72 h included an assessment for vascular
and immunological phenomena, three to five sets of blood cul-
tures and a trans thoracic echocardiogram [2, 3]. In those cases
with a technically inadequate or non-diagnostic trans-thoracic
echocardiogram, a transoesophageal echocardiogram was
obtained. Finally, all patients undergoing surgery received an
intraoperative transoesophageal echocardiogram.

In-hospital mortality was defined as any death occurring during
the same hospital admission for surgery. According to the ESC
guidelines, relapse was defined as a repeated episode of VE caused
by the same micro-organism as the previous episode and reinfec-
tion was defined as a new infection due to a different micro-
organism [3]. Two patients (11%) were not traced, so follow-up was
89% complete. Follow-up was obtained by a telephonic interview
and an echocardiographic control. Last echocardiographic data
were obtained from the patients’ family cardiologists.

Surgical technique

All the patients underwent median sternotomy and cardiopul-
monary bypass was established at 34°C; for those undergoing
reoperation, the chest was re-entered through a repeated ster-
notomy. The left ventricle was vented through the right superior
pulmonary vein. The heart was arrested with warm cardioplegia
solution administered both antegradely and retrogradely during
aortic clamping. The root replacement technique was required
due to the presence of extensive aortic root destruction. After
radical debridement of the abscess cavity and all friable tissue
with removal of the native or prosthetic valve, a Freestyle stent-
less valve was implanted with full-root replacement technique
with coronary reimplantation. The abscess cavity in each patient
was closed with a pericardial patch. The proximal anastomosis
was accomplished with simple interrupted sutures of 3-0
braided polyester and reinforced with a running suture using 4-0
polypropylene. The distal end of the bioprosthesis was sewn
end-to-end to the aorta or to the interposition artificial graft
with continuous 4-0 polypropylene suture. The coronary arteries
were implanted as buttons to the side to the corresponding
sinus of the bioprosthesis with a continuous 5-0 polypropylene
suture. Valve sizes used were 21 mm (n = 5), 23 mm (n = 3), 25
mm (n = 4), 27 mm (n = 4) and 29 mm (n = 2).

Microbiology

In 2 patients, blood and valve cultures were positive for
Staphylococcus aureus, one of them was resistant to methicillin.

Other micro-organisms isolated were Staphylococcus epidermidis
(n = 3), Staphylococcus capitis (n = 1), Staphylococus hominis
(n = 1), Streptococcus viridans (n = 2) and Enterococcus faecalis
(n = 3). In 6 patients, bacterial cultures were negative because
they were given empirical antibiotic therapy at the onset of fever
before blood cultures had been obtained.

Statistical analysis

Data are presented as mean ± standard deviation for continuous
variables and as percentage for categorical variables.

RESULTS

Preoperative data are shown in Table 1. There were 6 men (33%)
and 12 women (67%), with a mean age of 66.7 ± 10.1 (range, 34–
76 years). The mean (+SD) weight was 73.2 (±17.5) kg and mean
height was 164 (±9.8) cm, with a mean BSA of 1.8 ± 0.25 m2.
Mean logistic EuroSCORE was 36.4 ± 21.6 (cardiovascular risk
factors are shown in Table 2). The valvular lesion was native
aortic VE in 3 patients (16%), aortic prosthetic VE in 14 (78%), 1
patient (6%) had mitral and aortic prosthetic VE (Table 3).
Preoperative trans thoracic echocardiographic control at rest was
performed in all patients by experienced cardiologists and pre-
operative echocardiographic data are shown in Table 4.
Eight patients (42%) underwent concomitant surgical proce-

dures: two mitral valve replacements (MVR), three ascending
aorta replacements, one coronary artery bypass grafting (CABG),
one ventricular septal defect repair, one CABG, ascending aorta
replacement and ventricular septal defect. Surgical procedures
are shown in Tables 5.
Postoperatively (Table 6), 2 patients (11%) died in-hospital

because of septic shock; 1 (5.6%) patient underwent surgical
reintervention for bleeding; 1 (5.6%) patient experienced acute
renal failure requiring continuous veno-venous haemofiltration;

Table 1: Clinical data

Variables n = 18

Age, years (mean ± SD) 66.9 ± 10.1
Male/female 6/12
Weight, kg (mean ± SD) 73.2 ± 17.5
Height, cm (mean ± SD) 166 ± 9.8
Body surface area, m2 (mean ± SD) 1.8 ± 0.24
Log-EuroSCORE (mean ± SD) 36.4 ± 21.6

Table 2: Cardiovascular risk factors

Variables n (%)

Hypertension 9/18 50
Diabetes mellitus 3/18 16.7
Familiarity 3/18 16.7
Chronic renal failure 1/18 5.6
Dyslipidemia 9/18 50
Pulmonary disease 3/18 16.7
Smoke 3/18 16.7
Peripheral arterial disease 4/18 22.2
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3 (16.7%) patients had low cardiac output syndrome treated with
pharmacological inotropic support and 2 (11%) patients had
acute respiratory failure requiring re-intubation.

At the median follow-up of 24 months (range 1 to 113), no
death occurred and freedom from reoperation was 87.5%. Two
patients underwent reoperation because of aortic root
pseudo-aneurysm respectively at 1 and 23 months. One patient
underwent a new root replacement with homograft and, in the
other patient, the pseudo-aneurysm was treated with a patch
repair. In both cases, blood cultures and the cultures of the ma-
terial excised were negative. All patients are in NYHA functional
class I and have satisfactory echocardiographic data as shown in
Table 7. No significant aortic regurgitation was found at post-
operative echo as well as at the follow-up. The freedom from
relapse or reinfection was 100%.

DISCUSSION

Our results show that the implantation of the Freestyle stentless
bioprosthesis in patients undergoing AVR for either native or
prosthetic endocarditis is a safe procedure, associated with ex-
cellent haemodynamic performance, low recurrence of infective
endocarditis and reoperation for valve dysfunction. Moreover,
no death occurred at follow-up and no valve related morbidity
was reported by their general practitioner.

The Medtronic Freestyle bioprosthesis is a complete porcine
aortic root with ligated coronary arteries and a thin skirt over the
porcine septal muscle bar. The prosthesis is fixed with low pres-
sure applied to the aortic wall, but with a net zero pressure
across the leaflets. It was then treated with alpha-amino-oleic
acid for anticalcification treatment with the aim of improving
both haemodynamic and bioprosthesis durability [15, 16]. Ennker

et al. analysed 1014 patients undergoing AVR with Freestyle
stentless bioprostheses and showed low operative mortality with
encouraging mid-term durability and low rates of valve-related
morbidity. In particular, freedom from valve prosthesis endocar-
ditis, reoperation and valve degeneration after 9 years were
97 ± 6%, 92 ± 9% and 97 ± 5%, respectively [15].
Many authors consider the aortic homograft an excellent

solution for the treatment of prosthetic aortic VE or when
there is extensive aortic root destruction with aorto-ventricular
discontinuity [11–14]. In these cases, the use of an aortic homo-
graft has shown a low risk of reinfection, ranging from 3.8 to
6.8%. Specifically, Yankah et al. reported a reinfection rate of 6.8
and 91% freedom from reinfection at 10 years, whereas Grinda
et al. showed 5.7% reinfection rate and a freedom from reinfec-
tion at 10 years of 93% [12, 13]. Finally, Sabik et al., in a series of
103 consecutive patients with prosthetic VE treated with homo-
grafts, reported a reinfection rate of 3.8% and a freedom from
reinfection at 10 years of 95% [11]. However, the aortic homo-
graft is not always easily available, and the use of a stentless
prosthesis has been shown to be a valid alternative for the treat-
ment of prosthetic VE [3]. Siniawski et al. compared patients
undergoing aortic homograft vs stentless prostheses and

Table 3: Diagnosis

Variable n (%)

Native aortic valve endocarditis 3/18 16.7
Aortic prosthetic valve endocarditis 14/18 77.7
Mitral and aortic prosthetic valve endocarditis 1/18 5.6

Table 4: Preoperative echo

Variable n = 18

Ejection fraction (%) 59 ± 13.3
Vmax (m/s) 3.5 ± 1.5
Peak gradient (mmHg) 56.7 ± 42.7
Mean gradient (mmHg) 56.2 ± 42.6
Aortic root diameter (mm) 35.3 ± 5.6
Ascending aorta diameter (mm) 37.7 ± 7.8
LVEDD (mm) 55 ± 12.1
LVESD (mm) 33.1 ± 11.8
LVEDV (ml) 120.5 ± 48.7
LVESV (ml) 48.7 ± 38.1

LVEDD: left ventricular end diastolic dimension; LVESD: left ventricular
end systolic dimension; LVEDV: left ventricular end diastolic volume;
LVESV: left ventricular end systolic volume

Table 5: Surgical procedures

Variables n (%)

ARR 10/18 55.6
ARR +mitral valve replacement 2/18 11.1
ARR + ascending aorta replacement 3/18 16.7
ARR + CABG 1/18 5.6
ARR + ventricular septal defect repair 1/18 5.6
ARR + CABG + Asc. Ao replacement + VSD repair 1/18 5.6

ARR: aortic root replacement; CABG: coronary artery bypass grafting;
VSD: ventricular septal disease.

Table 6: Postoperative complications

Variables n (%)

Bleeding 1/18 5.6
Low cardiac output 3/18 16.7
Acute renal failure 1/18 5.6
In-hospital death 2/18 11.1
Acute respiratory failure 2/18 11.1

Table 7: Postoperative echo

Variables n = 18

Ejection fraction (%) 54.3 ± 8
Vmax (m/s) 1.7 ± 0.4
Peak gradient (mmHg) 12 ± 6.7
Mean gradient (mmHg) 7.5 ± 3.6
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demonstrated an equal reinfection rate of 4% as well as a lower
mortality for the patients treated with stentless valves (12 vs
16%) [21]. Musci et al. published a series of 255 patients with
aortic VE undergoing surgery with Shelhigh stentless bioprosth-
eses (Shelhigh Inc., Union, NJ, USA), reporting an overall reinfec-
tion rate of 8.6% with freedom from reinfection at 5 years of
83% and a 5-year survival of 46% [22]. In a smaller series, Santini
et al. reported outcomes of 9 patients treated with Biocor stent-
less valves (St Jude Medical Inc., St Paul, MN, USA) and showed
100% freedom from recurrent endocarditis, concluding that the
use of stentless valves may be an additional tool when active
aortic valve infection is complicated by extensive destruction of
contiguous tissue and a homograft is not available [23]. Finally,
Müller et al. in a series of 10 patients undergoing aortic root re-
placement with Freestyle stentless bioprostheses for either native
or prosthetic VE, showed 100% freedom from recurrence of VE
at follow-up [18]. Similarly, in our series, we found excellent post-
operative outcomes with a freedom from recurrence of infective
endocarditis of 100%. In our opinion, these results might be
related to radical debridement of the abscess cavities and to the
intrinsic proprieties of the Freestyle such as the fixation process
and anticalcification treatment. However, 2 patients underwent
reoperation for aortic root pseudo-aneurysm respectively at
1 and 23 months and freedom from reoperation was 89%.
In both cases, blood cultures and the cultures of the material
excised were negative. We believe that in the former, the
pseudo-aneurysm was due to the presence of native tissue
degeneration, whereas in the latter it was due to the excessive use
of gelatine resorcinol formaldehyde glue. It has been shown that
formaldehyde component of the gelatine resorcinol formalde-
hyde glue may be toxic to the aortic media and cause tissue
necrosis, leading to late re-dissection and pseudo-aneurysm
formation [24].

CONCLUSIONS

Our experience shows that root replacement with Freestyle stent-
less bioprostheses in patient with acute VE is associated with low
rates of early and mid-term mortality, good haemodynamic per-
formance and low rates of valve-related morbidity as well as low
recurrence infection, especially in case of prosthetic VE.

ACKNOWLEDGEMENTS

We are very grateful to Susan Gwynne, the chief nurse of our in-
tensive care unit, for her precious assistance in revising the
manuscript.

Conflict of interest: none declared.

REFERENCES

[1] Cabell CH, Abrutyn E. Progress towards a global understanding of infect-
ive endocarditis. Early lessons from the International Collaboration on
Endocarditis investigation. Infect Dis Clin North Am 2002;16:255–72.

[2] Bonow RO, Carabello BA, Chatterjee K, de Leon AC Jr, Faxon DP,
Freed MD et al. 2008 Focused update incorporated into the ACC/AHA
2006 guidelines for the management of patients with valvular
heart disease: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Writing Committee
to Revise the 1998 Guidelines for the Management of Patients

With Valvular Heart Disease): endorsed by the Society of Cardiovascular
Anesthesiologists, Society for Cardiovascular Angiography and Inter-
ventions, and the Society of Thoracic Surgeons. Circulation 2008;118:
e523–661.

[3] Guidelines on the prevention, diagnosis, and treatment of infective
endocarditis (new version 2009): The Task Force on the Prevention,
Diagnosis, and Treatment of Infective Endocarditis of the European
Society of Cardiology (ESC). Endorsed by the European Society of
Clinical Microbiology and Infectious Diseases (ESCMID) and by the
International Society of Chemotherapy (ISC) for Infection and Cancer.
Eur Heart J 2009;30:2369–413.

[4] Tleyjeh IM, Steckelber JM, Murad HS, Tleyjeh IM, Steckelberg JM, Murad
HS et al. Temporal trends in infective endocarditis: a population-based
study in Olmsted County, Minnesota. JAMA 2005;293:3022.

[5] Berlin JA, Abrutyn E, Strom BL, Kinman JL, Levison ME, Korzeniowski
OM et al. Incidence of infective endocarditis in the Delaware Valley,
1988–1990. Am J Cardiol 1995;76:933.

[6] Jamieson WR, Janusz MT, Burr LH, Ling H, Miyagishima RT, Germann E.
Carpentier-Edwards supra-annular porcine bioprosthesis: second gener-
ation prosthesis in aortic valve replacement. Ann Thorac Surg 2001;71:
S224.

[7] David TE, Ivanov J, Armstrong S, Feindel CM, Cohen G. Late results of
heart valve replacement with the Hancock II bioprosthesis. J Thorac
Cardiovasc Surg 2001;121:268.

[8] Emery RW, Krogh CC, Arom KV, Emery AM, Benyo-Albrecht K, Joyce LD
et al. The St. Jude Medical valve: a 25-year experience with single valve
replacement. Ann Thorac Surg 2005;79:776.

[9] Vongpatanasin W, Hillis LD, Lange RA. Prosthetic heart valves. N Engl J
Med 1996;335:407–16.

[10] Yu VL, Fang GD, Keys TF, Harris AA, Gentry LO, Fuchs PC et al. Prosthetic
valve endocarditis: superiority of surgical valve replacement versus
medical therapy alone. Ann Thorac Surg 1994;58:1073–7.

[11] Sabik JF, Lytle BW, Blackstone EH, Marullo AG, Pettersson GB, Cosgrove
DM. Aortic root replacement with cryopreserved allograft for prosthetic
valve endocarditis. Ann Thorac Surg 2002;74:650–9.

[12] Yankah AC, Pasic M, Klose H, Siniawski H, Weng Y, Hetzer R. Homograft
reconstruction of the aortic root for endocarditis with periannular
abscess: a 17-year study. Eur J Cardiothorac Surg 2005;28:69–75.

[13] Grinda JM, Mainardi JL, D’Attellis N, Bricourt MO, Berrebi A, Fabiani JN
et al. Cryopreserved aortic viable homograft for active aortic endocardi-
tis. Ann Thorac Surg 2005;79:767–71.

[14] Niwaya K, Knott-Craig CJ, Santangelo K, Lane MM, Chandrasekaran K,
Elkins RC. Advantage of autograft and homograft valve replacement for
complex aortic valve endocarditis. Ann Thorac Surg 1999;67:1603–8.

[15] Ennker JAC, Ennker IC, Albert AA, Resendahl UP, Bauer S, Florath I. The
Freestyle stentless bioprosthesis in more than 1000 patients: a single-
center experience over 10 years. J Card Surg 2009;24:41–8.

[16] Bach DS, Kon ND, Dumesnil JG, Sintek CF, Doty DB. Ten year outcome
after aortic valve replacement with the Freestyle stentless bioprosthesis.
Ann Thorac Surg 2005;80:480–7.

[17] Ennker JAC, Albert AA, Rosendahl UP, Ennker IC, Dalladaku F, Florath I.
Ten-year experience with stentless aortic valves: full-root versus subcor-
onary implantation. Ann Thorac Surg 2008;85:445–53.

[18] Müller LC, Chevtchik O, Bonatti JO, Müller S, Fille M, Laufer G.
Treatment of destructive aortic valve endocarditis with the Freestyle
Aortic Root Bioprosthesis. Ann Thorac Surg 2003;75:453–6.

[19] Perrotta S, Lentini S. In patients with severe active aortic valve endocar-
ditis, is a stentless valve as good as the homograft? Interact CardioVasc
Thorac Surg 2010;11:309–13.

[20] Fukui T, Suehiro S, Shibata T, Hattori K, Hirai H, Aoyama T. Aortic root
replacement with Freestyle stentless valve for complex aortic root infec-
tion. J Thorac Cardiovasc Surg 2003;125:200–3.

[21] Siniawski H, Grauhan O, Hofmann M, Pasic M, Weng Y, Yankah C et al.
Aortic root abscess and secondary infective mitral valve disease: results of
surgical endocarditis treatment. Eur J Cardiothorac Surg 2005;27:434–40.

[22] Musci M, Siniawski H, Pasic M, Weng Y, Loforte A, Kosky S et al. Surgical
therapy in patients with active infective endocarditis: seven-year single
centre experience in a subgroup of 255 patients treated with the
Shelhigh stentless bioprosthesis. Eur J Cardiothorac Surg 2008;34:410–7.

[23] Santini F, Bertolini P, Vecchi B, Borghetti V, Mazzucco A. Results of
Biocor stentless valve replacement for infective endocarditis of the
native aortic valve. Am J Cardiol 1998;82:1136–7. A10.

[24] Kirsch M, Ginat M, Lecerf L, Houël R, Loisance D. Aortic wall alterations
after use of gelatin-resorcinol-formalin glue. Ann Thorac Surg 2002;73:
642–4.

A. Miceli et al. / Interactive CardioVascular and Thoracic Surgery30


