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Aortic valve repair in endocarditis: scope and results
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Abstract
Purpose Infective endocarditis (IE) remains a prevalent and life-threatening disease. The choice to repair or replace the infected
valve still remains a matter of debate, especially in aortic valve (AV) infections. We retrospectively analyze our two decades of
experience in aortic valve repair (AVr) in IE. Long-term outcomes are described with particular attention to the impact of valve
configuration and the use of patch techniques.
Methods From September 1998 to June 2017, 42 patients underwent AVr in a single center for IE. Techniques include leaflet
patch repair and resuspension and aortic annulus stabilization.
Results Hospital mortality was 2.4% (n = 1). The median follow-up was 90.6 months. Survival was 89 ± 9.4% and 76.6 ± 16% at
5 and 10 years, respectively, with no significant differences between tricuspid aortic valve (TAV) and bicuspid aortic valve
(BAV). Freedom from reoperation was 100% and 92.9 ± 7.1% in TAV and 81.8 ± 18.2% and 46.8 ± 28.8% in BAV at 5 and
10 years, respectively (TAV vs BAV, p = 0.02). BAV, degree of preoperative aortic insufficiency, and AVr including patch were
factors predicting a higher risk of reoperation during the follow-up.
Conclusion In our experience, AVr is a safe, feasible, and efficient choice in selected patients with healed or active IE. Durability
of the repair is excellent in patients with limited lesions and in patients with TAVeven with patch repair. Reoperations occurred
principally in patients with BAVand severe preoperative AI, in whom patch repair was performed. In those patients, we actually
recommend to replace the valve in case of active endocarditis.
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Introduction

During the last two decades, valve repair is increasingly
gaining ground in the treatment of young patients with aor-
tic valve insufficiency (AI) with encouraging long-term re-
sults emerging from several specialized centers [1–3]. With
a better understanding of AVanatomy, a correct evaluation of
its pathophysiology, and the application of appropriate surgi-
cal techniques, the indications of valve repair are expanding.
AVr is now proposed for all types of chronic AI with or with-
out aortic root aneurysm, and all types of AV morphologies
(tricuspid, bicuspid, or unicuspid AV).

Among all these different anatomic configurations, one
common determinant of durability is obviously the quality
and quantity of leaflet tissues. Indeed, repair of acute or chron-
ic AI in the context of AV IE is much less reported and per-
formed, mainly because of the destructive nature of the infec-
tious process. This could often compromise both quality and
quantity of tissues available. Therefore, pericardial patch is
frequently necessary to repair the valve. Unfortunately,
patches are known to degenerate with time, leading to recur-
rent AI or stenosis [4, 5]. Furthermore, any extra-valvular
extension of the infectious process almost precludes the repair.
In conclusion, aortic valve repair might address only lesions
limited to the leaflets.

In this study, we retrospectively analyze the two de-
cades of experience in AV repair in the context of active
or healed AV endocarditis. Our aim is to determine the
impact of valve configuration and the use of patch on
the long-term outcomes.
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Materials and methods

Patient selection

This is a single-center, observational study. From September
1998 to June 2017, 42 patients underwent AVr for acute or
healed aortic valve endocarditis. Preoperative characteristics
are shown in (Table 1). The diagnosis of infective endocarditis
was based on clinical, echocardiographic, and biological find-
ings according to the revised Duke’s criteria [6]. Urgent sur-
gery was considered for patients with cardiac or septic shock,
severe valve regurgitation, large and mobile vegetation, pro-
gressive heart failure, systemic embolism, or resistance to an-
tibiotic treatment. All patients received 4 to 6 weeks of anti-
biotics treatment according to the offending organism.

Endocarditis was defined as active during the period of anti-
biotic treatment and healed after completion of antiobiotics.
Recurrence of valve infection was considered as defined by
the 2015 European Society of Cardiology (ESC) Guidelines
on the management of infective endocarditis [7].

Surgical techniques

All procedures were performed through a full median
sternotomy and extra-corporeal circulation (ECC) with cannu-
lation of the ascending aorta and venous cannulation of the
right atrium (bicaval venous cannulation was used in case of
concomitant mitral or tricuspid valve surgery). After trans-
verse aortotomy 1 cm above the sinotubular junction, the

Table 1 Patients’ demographics
Patch group (n = 34) No patch group (n = 8) p value

Average age (years) 56.2 ± 14.7 50.9 ± 8.6 p = 0.36

Male gender 28 (82.4%) 8 (100%) p = 0.46

Aortic valve anatomy

p = 0.93
Tricuspid 25 (73.5%) 6 (75%)

Bicuspid 9 (21.4%) 2 (25%)

Involved microorganism

Staphylococci 8 (23.5%) 1 (12.5%) p = 0.49

MSSA 2 (5.9%) 1 (12.5%) p = 0.51

Other staphylococci 6 (17.6%) 0 p = 0.37

Streptococci 17 (50%) 1 (12.5%) p = 0.05

E. coli 1 (2.9%) 0 p = 0.87

E. faecalis 3 (8.8%) 1 (12.5%) p = 0.75

Negative HC 12 (35.3%) 5 (62.5%) p = 0.16

AI*

p = 0.01
I–II 13 (38.3%) 7 (87.5%)

III-IV 21 (61.7%) 1 (12.5%)

NYHA class

p = 0.20
I–II 17 (50%) 6 (75%)

III–IV 17 (50%) 2 (25%)

Preoperative LVEF

p = 0.75

> 50% 31 (91.2%) 7 (87.5%)

31–49% 3 (8.8%) 1 (12.5%)

< 31% – –

COPD 2 (5.9%) 1 (12.5%) p = 0.51

IDDM 1 (2.9%) 2 (25%) p = 0.12

Dialysis 1 (2.9%) – p = 0.87

Urgent 8 (23.5%) 4 (50%) p = 0.13

Previous cardiac surgery 4 (11.8%) – p = 0.05

Active endocarditis 30 (88.2%) 6 (75%) p = 0.80

Healed endocarditis 4 (11.8%) 2 (25%) p = 0.13

MSSA, methicillin-sensitive Staphylococcus aureus; HC, hemoculture; AI, aortic insufficiency; LVEF, left ventri-
cle ejection fraction; COPD, chronic obstructive pulmonary disease; IDDM, insulin-dependent diabetes mellitus

*In bicuspid AV, AR I–II n = 2 (18.2%), AR III–IV n = 9 (81.8%); in tricuspid AV, AR I–II n = 18 (58.1%), AR
III–IV n = 13 (41.9%). p value = 0.02
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aortic valve was exposed using exposure stitches placed at the
tip of each commissure.

Careful evaluation of the AV and lesions is crucial. Quite
often, and mainly in an acute urgent situation, an unsuspected
annular abscess is found during this phase and prompt valve
replacement. In case of leaflet-limited infection, the evaluation
should focus on the size and number of leaflets involved. A
perforation may clearly appear or it can also be covered by a
vegetation. A general principle of valve repair in endocarditis
is resection of infected tissue and respect of any healthy tissue,
preserving, if possible, a solid edge and the free margin in
order to facilitate the repair. Valve repair techniques depend
on the quality and quantity of remaining tissue. A direct clo-
sure of perforation is performed in case of a very small defect.
Vegetations are usually resected with their implantation basis
and become perforations. Perforation edges must be cleaned,
leaving healthy tissues in order to suture the patch. Patch
reconstruction is usually performed with a running suture with
some single stitches to reinforce (see Fig. 1). A good sizing of
the patch is crucial; in fact, a too small patch may retract the
leaflet and induce residual aortic regurgitation. Different patch
materials were used in this study, including xeno-pericardium,
glutaraldehyde-treated autologous pericardium, fresh autolo-
gous pericardium, and in one occasion a piece of tricuspid
valve autograft. Since 2015, we used decellularized xeno-
pericardial patch which promises better tissue remodeling
and less calcific degeneration compared to the previous gen-
eration of xeno-pericardium [8]. Several patch techniques
have already been described in previous publications to repair
the perforation in the cusp belly, commissure area, or the cusp
free margin [4, 9–12]. The choice of patch material was gen-
erally not related to the type of lesion but rather dependent on
surgeon preference at that time and the availability of the
material. Leaflet repair also included Gore-Tex® running su-
ture to the free margin (at the beginning) or central plication
(more recently) to correct a prolapse.

After leaflet repair, annuloplasty was systematically per-
formed using generally sub-commissural annuloplasty in case
of active endocarditis, or external ring or valve-sparing

reimplantation in case of healed endocarditis. Operative find-
ings and repair techniques are listed in (Table 2).

Follow-up

Clinical follow-up was conducted by outpatient visits or
telephone follow-up by a research nurse in order to obtain
information on survival, valve-related complications and
cardiovascular symptoms, and recurrent endocarditis as
per the guidelines [13, 14]. The standard follow-up in-
cluded transthoracic echocardiography assessment at reg-
ular intervals. The follow-up was complete at 95.2%. The
median follow-up was 90.6 months (IQ range 17.7–
163.5). Morbidity and mortality were described according
to the guidelines for reporting outcomes after valve sur-
gery [14].

Statistical analysis

Statistical analyses were performed using GraphPad Prism 7.0
(San Diego, CA, USA). Continuous data are presented as
mean ± standard deviation or median (interquartile range) for
non-parametric data. P values were calculated with the χ2 test
for categorical variables and Student’s t test for continuous
variables. Survival and reoperation were presented using the
Kaplan–Meier curves calculated considering all the events
that occurred during the follow-up. The long-term outcomes
were calculated using the Mantel–Cox log-rank test. Valve
repair with or without the patch technique was compared
using the log-rank test. p values ≤ 0.05 were considered sta-
tistically significant.

Results

Perioperative data

The mean age was 55 years and 90% were male. Thirty-
six patients (85.7%) had active endocarditis. Aortic valve

Fig. 1 Patch reconstruction
usually performed with a running
suture with some single stitches to
reinforce
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morphology was tricuspid (TAV) in 31 patients (73.8%)
and bicuspid (BAV) in 11 patients (26.2%). A responsible
microorganism was found in 59.5% (n = 25). Moderate to
severe AI was found in 22 patients (52.4%), 81.8% (n = 9)
of BAV, and in 41.9% (n = 13) of TAV (p = 0.02). No
patient had aortic stenosis. Patch repair was used in 34
patients (81%). The remaining had AVr without patch
(19%, n = 8). Preoperative characteristics are listed in
(Table 1) distinctively for patients with and without patch
repair. Patient characteristics were similar between these
two groups except for severe AR which was more fre-
quent in patients having had patch repair. Patch repair
was performed on 81.8% (n = 9) of the patients with
BAV and on 80.6% (n = 25) of the patients with TAV
(p = 0.93).

Early outcomes

Hospital mortality was 2.4% (n = 1). This patient, from the
patch group, died from multiorgan failure. Neither relapse
nor reinfection was observed during hospitalization. Six
(14.3%) patients needed chest re-exploration for bleeding or
tamponade in the immediate postoperative period. No patient
needed early AV reoperation.

Late outcomes

Forty-one patients were available for long-term analysis. A
patch was used in 80.6% (n = 25) of TAV and in 81.8% (n =
9) of BAV. Nine patients died during follow-up. Of them, six
suffered a non-cardiac death and three a cardiac death (acute

Table 2 Operative findings and
repair techniques Patch group (n = 34) No patch group (n = 8)

Intraoperative findings

Cusp analysis

Normal 34 (36.5%) 9 (40.9%)

Prolapse 6 (6.5%) 2 (9.1%)

Fenestration 3 (3.2%) 1 (4.5%)

Perforation 28 (30.1%) 1 (4.5%)

Calcification 2 (2.2%) 2 (9.1%)

Retraction 1 (1.1%) –

Vegetation 27 (29%) 9 (40.9%)

Operative techniques

Aortic valve sparing (Tirone David) 3 (8.9%) –

In acute endocarditis – –

In healed endocarditis 3 (8.9%) –

External ring stabilization 1 (2.9%) 6 (75%)

Sub-commissural annuloplasty 24 (75%) 6 (75%)

Central cusp plication 13 (38.2%) 4 (50%)

Vegetation resection 14 (41.2%) 8 (100%)

Gore-Tex® free margin re-suspension – 1 (12.5%)

Cusp decalcification – 1 (12.5%)

Patch reconstruction 34 (100%) –

Treated autologous pericardium 4 (11.8%) –

Fresh autologous pericardium 11 (32.4%) –

Xeno-pericardium 17 (50%) –

Tricuspid patch 1 (2.9%) –

Decellularized pericardial patches 1 (2.9%) –

Patch localization

Cusp belly 28 (82.4%) –

Free margin 2 (5.9%) –

Commissure 6 (17.6%) –

CPB time (min) 106.3 ± 33.2 70 ± 26.1

Cross-clamping time (min) 86.6 ± 27.1 45.5 ± 13

CPB cardio-pulmonary bypass
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myocardial infarction and two sudden cardiac arrests).
Survival was 89 ± 9.4% and 76.6 ± 16% at 5 and 10 years,
respectively (Fig. 2). Survival was 83.3 ± 13.2% and 68.7 ±
21.5% in TAVand 100% and 88.9% ± 15.8% in BAVat 5 and
10 years, respectively (p = 0.15) (Fig. 3). Six patients needed
AV reoperation due to recurrent AI (12.2% n = 5) or aortic
valve stenosis (2.4% n = 1). Of those six reoperated patients,
four had a BAVwith patch repair and two had a TAVincluding
one with patch repair. Reoperation in the TAVoccurred after
6 years for the patch repair and after 18 years for the repair
without patch. AV replacement was performed on all patients
having had AV reoperation. All patients survived the reopera-
tion and were discharged without major complication.
Freedom from reoperation at 5 and 10 years was 94.8 ±
6.1% and 76.2 ± 21.3%, respectively (Fig. 4). Freedom from
reoperation was 100% and 92.9 ± 7.1% in TAV and 81.8 ±
18.2% and 46.8 ± 28.8% in BAV (p = 0.02) (Fig. 5). At 5
and 10 years, freedom from valve reoperation was 100% for
patients without patch repair and 93.5 ± 11.9% and 71.5 ±
25.3% for patients with patch repair (p = 0.3) (Fig. 6).

Freedom from valve reoperation was 100% in patients with
a preoperative AI grade 0 to 2 and 90.5 ± 11% and 77.1 ±
20.3% in patients with a preoperative AI grade 3 to 4 (p =
0.06) (Fig. 7).

No relapse of endocarditis or reinfection was detected dur-
ing the follow-up. Three patients suffered an embolic stroke
and no bleeding event occurred. The linearized rate of throm-
boembolic and hemorrhagic events was 0.94% per patient-
year.

Discussion

Infective endocarditis still remains a prevalent and life-
threatening disease, especially if we consider the significant
increased incidence in certain countries [15] over the past
10 years. Despite the up-to-date recommendations and the
introduction of an BEndocarditis Team^ [16], hospital mortal-
ity still remains high, standing between 15 and 30% [17, 18].
The key in fighting this pathology is microbial eradication

Fig. 2 Patient survival at 5 and 10 years

Fig. 3 Survival in TAVand in
BAVat 5 and 10 years

Fig. 4 Freedom from reoperation

Indian J Thorac Cardiovasc Surg (January 2020) 36 (Suppl 1):S104–S112S108



together with management of IE complications. This goal has
been shown to reduce the 1-year mortality from 18.5 to 8.2%
[19] and can only be reached with a multidisciplinary skilled
team composed of microbiologists, infectiologists, cardiolo-
gists, neurologists, and surgeons. In fact, nowadays, near 50%
of the patients need to undergo cardiac surgery to completely
eradicate infection [17, 18].

In valve endocarditis, either mitral or aortic, we generally
favor a repair approach because of its acknowledged advan-
tages over replacement in terms of avoiding prosthetic-related
complications and infection recurrence. Nevertheless, there
are some differences in the approach of mitral and aortic en-
docarditis. First, in the case of a mitral valve endocarditis, we
can tolerate bigger tissue destruction than we could tolerate on
the aortic valve without compromising the chance for repair.
Moreover, while annular abscess does not contraindicate mi-
tral valve repair, an extension of infection beyond AVannulus

turns AVrepair almost impossible. Finally, the only alternative
to mitral valve repair is a prosthetic replacement of the valve,
while full biological alternatives exist for the AV (like Ross
procedure, AV homograft, or stentless root biologic
prosthesis).

Young age and valve-limited infection are peculiar charac-
teristics of our population that make it perfectly suitable for
AVr. In this cohort, AVr has shown its main benefits namely in
providing a very low risk of endocarditis recurrence, even
though until now no significant differences have been clearly
demonstrated between AVr and replacement [18–20].

In this cohort of patients, we could distinguish two different
clinical scenarios of IE. The easiest are endocarditis with lim-
ited tissue destruction like small free margin vegetation or
small perforation (2–3 mm) that can be closed directly, where
repair consists essentially in treating cusp prolapse. In those
specific conditions, we think that the valve could, in most

Fig. 6 Freedom from reoperation
in patch group vs no patch group

Fig. 5 Freedom from reoperation
in TAV vs BAV
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instances, be repaired and the long-term outcomes are excel-
lent with a freedom from reoperation and infectious recurrence
of 100% at 10 years. The second more frequent scenario in-
cludes a valve with relatively larger tissue destruction that
needs pericardial patch repair. In this study, the xeno-
pericardium has performed at least as good if not better than
autologous ones (see Fig. 8). In our current practice, the new
generation ofmatrix pericardium is the material of choice used
for aortic valve repair in adults. However, further experience
and longer follow-up are required to confirm their superiority
compared to autologous pericardium and classic xeno-
pericardium.

In this study, hospital and long-term survival rates are com-
parable to those reported for valve replacement in IE [21–23].
Good survival together with the absence of reinfection sup-
ports the choice of a repair approach as already suggested by
other similar publications [24, 25]. On the other hand, patients

with BAV required reoperation more frequently compared
with patients with TAV, an observation that was also already
made by one other study [24].

Those differences are probably explained by the fact that
patients with BAV have a more important preoperative AI and
more often require patch repair compared with patients with
TAV, two factors associated with a higher rate of reoperation.
In patients with BAVand endocarditis, the surgeon must gen-
erally deal not only with infective lesions but also with lesions
specific to BAV degeneration (conjoined cusp prolapses, cusp
retraction, raphe fibrosis). Moreover, from experience, we
know that in those valves the repair must address not only
the leaflets but also the annulus and the root in case of dilata-
tion. These two latter anatomic structures are best treated
using external ring annuloplasty or a valve-sparing procedure.
Both techniques require prosthetic material which is best
avoided in the setting of active IE. In this small series of

Fig. 7 Freedom from reoperation:
preoperative AI 0–II vs AI III–IV

Fig. 8 Freedom from reoperation:
different patches
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BAV repair for IE, the sub-commissural annuloplasty was the
most common ring stabilization technique used in order to
reduce foreign materials as much as possible. Unfortunately,
as we have already shown in a previous publication [26], this
procedure does not offer durable repair over time.
Consequently, aortic valve replacement with pulmonary auto-
graft, aortic homograft, or prosthetic valve (depending on pa-
tient age, comorbidities, and infectious lesions extension)
probably remains the best option in BAV with acute IE, espe-
cially when a severe AI is present.

Study limitations

This is a retrospective study covering a long period of almost
20 years during which surgeons’ experience and knowledge in
aortic valve repair have increased, the techniques have evolved,
and some selection bias most probably occurred. Our cohort is a
relatively small group of highly selected patients on the basis of
their age, comorbidity, and relatively limited valve lesions.
Therefore, survival and recurrence of IE could have been favor-
ably influenced by this selection excluding old patients with
multiple comorbidities and IE with extensive lesions and annular
abscess. Long-term medical treatment was managed mainly by
the referring physicians of the patients; therefore, differences in
the individual treatment and lack of standardization may have
impacted long-term outcomes.

Conclusions

In the context of IE, surgical approach (repair vs replacement) is
oriented by a meticulous evaluation of the infectious lesions and
of the valve anatomy. In our experience, AVr is safe and feasible
in selected patients with healed or active IE. Durability of the
repair is excellent in patients with limited lesions and in patients
with TAVeven with patch repair. Reoperations occurred princi-
pally in patients with BAVand severe preoperative AI, in whom
patch repair is required. In those patients, we actually recommend
replacing the valve in case of active endocarditis.
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